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Objective. This case-control study was to explore the effect of Bushen Zhuanggu tablet combined with routine regimen on bone
mineral density (BMD) improvement, functional recovery, and fracture prevention in postmenopausal osteoporosis (PMOP)
patients. Methods. 180 postmenopausal osteoporosis patients were randomly selected from communities A, B, and C cohorts as
research subjects from January to May 2021. The study subjects were divided into three groups. The groups were in a 1 : 1
ratio according to the principles of nonrandomised, concurrent controlled trials, and methods. There were 60 participants in
each group (group A, group B, and group C). Group A was treated with Bushen Zhuanggu tablet for antiosteoporosis + basic
treatment (calcium supplement and vitamin D). Group C was given Bushen Zhuanggu tablet for antiosteoporosis intervention.
Group B was given basic treatment (calcium supplement and vitamin D supplementation) as a control group. The follow-up
time was 6 months after treatment. Finally, we compare the differences in calcium and phosphorus metabolism indexes, BMD,
bone metabolism indexes, upper and lower limb muscle strength, and quality of life scores. Results. Group A, B, and C’s
effective rate was 98.33%, 80.00%, and 93.33%, respectively. The group A’s effective rate was significantly higher than that in
group B and C, and the difference was statistically significant (P < 0:05). After 6 months intervention, the levels of serum Ca2+,
serum phosphorus (P), serum creatinine (Cr), and parathyroid hormone (PTH) in 3 groups decreased. Ca, P, Scr, and PTH
levels in group A were the lowest among study groups, and the difference was statistically significant (P < 0:05). The increase
in the BMD of lumbar spine, the left femoral neck, and Ward’s triangle area of the three groups were observed with the
highest data in group A. After 6 months of treatment, the levels of serum N-terminal propeptide of type I procollagen, PINP,
and serum osteocalcin (OC) increased, while the levels of β-cross-linked C-terminal telopeptide of type I collagen (β-CTX)
and alkaline phosphatase (ALP) decreased in the three groups. The improvement of all bone metabolic indexes in group A was
significantly better than that in B and C groups, and the difference was statistically significant (P < 0:05). The enhanced upper
limb muscle strength and the shorter standing-walking timing test (TUGT) time were observed after 6 months of treatment.
The improvement effect of upper and lower limb muscle strength in group A was significantly better than that in B and C
groups, and the difference was statistically significant (P < 0:05). There were significant differences in physiological function,
life function, general health status, physical pain, mental state, emotional function, vitality, and social function among the three
groups after 6 months treatment, and the difference was statistically significant (P < 0:05). The score of quality of life in group
A was higher than that in B and C groups, and the difference was statistically significant (P < 0:05). Conclusion. Bushen
Zhuanggu tablet combined with conventional therapy is effective in the postmenopausal osteoporosis treatment, which
effectively increase the BMD, regulate calcium and phosphorus metabolism, promote the recovery of limb function, prevent the
recurrence of fracture, and improve the patients’ quality of life. This treatment scheme is worth popularizing.
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1. Introduction

Osteoporosis (OP) has a high incidence in the elderly, espe-
cially in postmenopausal women. Osteoporosis is called
“silent killer” because of its long incubation period and no
obvious symptoms in the early stage. According to statistics,
by 2019, the global incidence of osteoporosis has exceeded
200 million, and an average of 20 fractures per minute is
caused by osteoporosis [1, 2]. Osteoporosis can occur in all
age groups, among which postmenopausal women and
elderly men have the highest incidence. Postmenopausal
osteoporosis (PMOP), which accounts for the largest pro-
portion, belongs to primary osteoporosis type I [3]. Accord-
ing to the survey, the prevalence rate of osteoporosis in
women aged 40-50 in China is 4.3% [4, 5]; women over 50
is 32.1%; women over 65 is 51.6%. The prevalence rate in
rural areas is slightly higher comparing with the one in
urban areas. Postmenopausal osteoporosis has aroused the
public attention and gradually become a significant health
issue in our country.

Recent studies have shown that women lose bone mass
rapidly during the 5-10 years after menopause with an
annual loss rate of about 1.5% to 2.5% [6, 7]. Age, living
environment, eating habits, and other diseases and other fac-
tors can lead to the occurrence of PMOP. The decline of
ovarian function and the decrease of estrogen level are the
main reasons. The current antiosteoporosis treatment in
Western medicine is based on drugs, supplemented by phys-
iotherapy. Because of its clear mechanism and definite cura-
tive effect, drug therapy has become one of the most
commonly used drugs in osteoporosis treatment in clinic,
mainly including the following categories [8, 9]. Postmeno-
pausal osteoporosis is similar to “bone impotence,” “bone
fetish,” “bone withering,” and other diseases in TCM, among
which the syndrome of “bone impotence” is the most simi-
lar. In TCM theory, the disease is located in the lumbar spine
muscles and bones. Its origin lies in the kidney. Generally
speaking, the pathogenesis is the deficiency of kidney, liver,
and spleen (blood stasis and qi stagnation). The basic drugs
include vitamin D and calcium supplements. In addition,
bone resorption inhibitors include bisphosphates, calcitonin,
estrogen, selective estrogen receptor modulators, and
RANKL inhibitors. Bone formation enhancer mainly refers
to thyroid hormone analogues. Other mechanism drugs also
include active vitamin D and its analogues, vitamin K2
drugs, and strontium salts. The guidelines recommend that
when selecting antiosteoporotic drugs in clinic, we should
choose broad-spectrum antiosteoporotic drugs such as zole-
dronic acid, alendronate, and risedronate. However, there
are more and more kinds of clinical antiosteoporosis drugs,
along with the long-term use of antiosteoporosis drugs and
the increase in the number of clinical cases. The continuous
emergence of adverse reactions of drugs has also attracted
more and more attention. And Western medicine treatment
of osteoporosis has a high price, poor tolerance of some
patients, adverse reactions and poor long-term efficacy,
and other factors, making poor compliance. TCM has rela-
tively few side effects. Basic theories, experimental explora-
tions and clinical studies on the osteoporosis prevention

and treatment in Chinese medicine are increasing day by
day. Oral drug treatment is the first choice for patients with
low BMD but no/low risk of fracture. For those patients with
osteoporosis who cannot tolerate oral medication, who have
contraindications to oral medication, or who have poor
compliance, treatment with injectable, such as zoledronic
acid, should be administered once a year [10, 11].

The use of evidence-based and comprehensive treatment
can effectively relieve the patients’ clinical symptoms. Some
scholars have found that the effective components of
kidney-tonifying herbs can promote bone formation and
inhibit bone resorption. Under normal circumstances, the
processes of bone formation are coupled and cooperated
with bone resorption. In the case of osteoporosis, bone
resorption is greater than bone formation, resulting in bone
mass loss. Chinese medicine has unique advantages in the
treatment of osteoporosis. However, there are few such sci-
entific studies in clinic, and its application effect remains to
be further confirmed [12]. It is necessary to demonstrate
the clinical efficacy of TCM therapy in the postmenopausal
osteoporosis treatment through scientific research, which
can lay a theoretical foundation and thus promote the appli-
cation of TCM therapy.

2. Materials and Methods

2.1. General Information. 180 randomly selected postmeno-
pausal osteoporosis patients from communities A, B, and C
from January to May 2021. Subjects were divided into group
A (n = 60), group B (n = 60), and group C (n = 60) in a 1 : 1
ratio according to the measured BMD and the principles and
methods of nonrandomised simultaneous controlled trials.
Group A was treated with Bushen Zhuanggu tablets for anti-
osteoporosis + basic treatment (calcium supplementation
and vitamin D) for intervention treatment. Group C was
treated with Bushen Zhuanggu tablet for antiosteoporosis
intervention. Group B was given basic treatment (calcium
supplementation and vitamin D supplementation) as the
control group. The follow-up time was 6 months after treat-
ment. Group A was aged from 52 to 80 years with an average
age of (68:37 ± 7:41) years. Menopause lasted for 1 to 5
years, with average of (2:57 ± 0:51) years. Body mass index
(BMI) was 18.76~30.12 kg/m2 with average BMI
(24:89 ± 2:37) kg/m2. Group B was aged from 51 to 79 years,
with an average age of (67:34 ± 7:68) years. Menopause
lasted from 1 to 6 years with an average of (2:92 ± 0:83)
years. BMI ranged from BMI 18.47~29.82 kg/m2 with an
average BMI of (24:37 ± 2:14) kg/m2. Group C was aged
from 51 to 79 years, with an average age of (67:34 ± 7:68)
years. The time of menopause ranged from 1 to 6 years with
the average time of menopause 2:92 ± 0:83 years. The BMI
of group C patients was 18.47~29.82 kg/m2 and average
BMI was 24:37 ± 2:14 kg/m2 with P value over 0.05, which
means there were no significant differences among three
groups. This study was approved by the Medical Ethics
Council of our hospital. All patients signed the informed
consent form for the trial.

Selection criteria is as follows: (1) the selected cases were
all diagnosed with postmenopausal osteoporosis, which met
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the diagnostic criteria in the “Guidelines for Primary Osteo-
porosis Primary Care (Practical Edition 2019)” formulated
in 2011 [13]; (2) the patients had no cognition, language,
and intellectual dysfunction, with basic reading and writing
skills; (3) all postmenopausal women with T value <-2.5;
(4) the patients agreed to be followed up for 12 months,
who were able to accept and answer telephone follow-up;
(5) the patient’s clinical data were complete.

Exclusion criteria is as follows: (1) premenopausal osteo-
porosis (no premenopausal osteoporosis: the patient reported
no symptoms related to osteoporosis before menopause, no
osteoporosis was found in physical examination, and the
BMD test showed that T > −1:0. The course of osteoporosis
was shorter than the time of menopause); (2) patients with
secondary osteoporosis caused by other diseases; (3) those
who refused to participate in the trial; (4) those who have
recently taken drugs such as glucocorticoids, sex hormones,
bisphosphonates, vitamin D, fluoride, and calcium that affect
bone metabolism; (5) patients with chronic or severe organ
diseases. (6) The individual with severe insufficiency and
malignant tumor in either heart, liver, or renal.

2.2. Methods. Experimental group A was treated with Bushen
Zhuanggu tablet for antiosteoporosis + basic treatment (cal-
cium supplement and vitamin D) for intervention. Group C
was given Bushen Zhuanggu tablet for antiosteoporosis for
intervention. Group B was given basic treatment (supple-
mented with calcium and vitamin D) as a control group. Three
groups were given health education, including fall prevention
and daily life adjustment. Basic treatment content was oral cal-
cium carbonate D3 (Caerqi, Wyeth Pharmaceutical Co., Ltd.)
600mg/d, active vitamin D (Luo Gaiquan, Roche company)
0.5μg/d, oral medication for 6 months. Usage of Bushen
Zhuanggu tablets is as follows: 3 tablets/time, 3 times/day
orally, the drug formula is Bushen Zhuanggu tablets (Epime-
dium, Drynaria, Rehmannia glutinosa, Cornus, dodder, astrag-
alus, Chinese yam, all angelica, Panax notoginseng, danshen,
etc.), the prescription has been proved by long-term clinical
verification that it has a good effect on improving the clinical
symptoms of osteoporosis patients.

2.3. Observation Index

2.3.1. Clinical Curative Effect. The therapeutic effects of the
three groups were evaluated after treatment, and the specific
evaluation criteria were referred to the relevant literature
[14]. Markedly, effective was indicated the clinical symptoms
of the patient basically disappeared, and the bone mineral
density (BMD) level increased by more than 0.05 g cm2.
Effective was indicated the clinical symptoms of the patient
improved, the BMD level increased, but the increase level
was lower than 0.05 g cm2. Ineffective was indicated the
patient’s clinical symptoms did not improve or even wors-
ened, and BMD did not increase or decrease. The total effec-
tive rate of treatment = ðmarkedly effective + effectiveÞ
number of cases/total number of cases × 100%:

2.3.2. Muscle Strength Measurement. We carried out the
muscle strength measurement before and 6 months after
the treatment. The upper limb muscle strength test (two-

hand grip strength test): the grip strength test used the elec-
tronic grip strength meter (Xiangshan CAMRY, model
EH101); the resolution: 0.1KGF; the allowable error:
0.5KGF. Before the test begins, the subject was checked for
grip strength disorders. The grip distance was adjusted,
and the machine was switched on. The subject held the grip
strength meter with the palm of the hand facing inwards and
the display facing outwards, with the body upright, feet nat-
urally apart, and arms naturally down, and then grasped as
hard as they could. After one practice, the test began. The
maximum grip strength of both hands was measured twice,
and the average grip strength of two times was taken. After
3 and 6 months of treatment, the standing-walking timing
test (TUGT) was performed. The subjects sat on a chair with
high 45 cm height, stood up, walked in a straight line of 3m,
and then returned to the seat to sit down. The assessor
recorded the time spent on each standing and walking test.

2.3.3. BMD Measurement. BMD was measured before and
after treatment. Dual energy X-ray absorptiometry (HOLO-
GIC, Wi, USA) was used to detect the anterior and posterior
lumbar vertebrae (L1~L4), left femoral neck (Neck), and
Wards triangle of each subject, expressed by BMD (g/cm2).
The accuracy of the instrument was 1%, and the repeated
measurement error was 1%. In order to reduce the error,
all testing operations were completed by the same person.
Every day, the instrument was checked with the module pro-
vided by the manufacturer, and the test was carried out only
after meeting the quality control requirements. The standard
for judging bone mass was T score: when T > −1:0, it meant
normal bone mass; when it was (−1.0, −2.5), it meant osteo-
penia; when T < −2:5, it meant osteoporosis [15].

2.3.4. Related Biochemical Indexes of Osteoporosis. The bio-
chemical indexes related to osteoporosis were detected
before treatment and 6 months after treatment. (1) Bone
metabolic indexes are as follows: procollagen N-terminal
propeptide of serum type I (PINP), serum osteocalcin
(OC), collagen cross-linked carboxyl terminal peptide type
I (β-CTX), and alkaline phosphatase (ALP). (2) Calcium
and phosphorus metabolic indexes are as follows: serum cal-
cium (Ca2+), serum phosphorus (P), serum creatinine (Cr),
and Parathyroid Hormone (PTH).

Fasting peripheral blood 7ml (including anticoagulant
blood vessel 1ml and procoagulant blood vessel 3ml) was
collected from each subject. The subjects were required to
draw elbow venous blood from 8 to 10:00 am with empty
stomach. The blood samples were collected on that day by
Guangzhou Jinyu testing Technology Co., Ltd. Samples that
were not sent on the same day (but ensured that they could
be sent on the same day) must be stored in a refrigerator at
4°C within 6 hours. If the sample could not be sent for exam-
ination on the same day, the blood collection unit would be
responsible for centrifuging and collecting serum (4-5ml)
and freezing it in the refrigerator at −20°C until it was sub-
mitted for examination. PINP and β-CTX were detected by
o-cresolphthalein complex ketone method. OC was detected
by radioimmunoassay. ALP and PTH were detected by

3Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

enzyme-linked immunosorbent assay. Ca2+, P, and Cr were
detected by RocheCobas8000 biochemical analyzer.

2.3.5. Quality of Life Assessment. The patients’ life quality
index were recorded before and six months after the inter-
vention. At the same time, the data generated were evaluated
by concise health scale (SF-36) [16]. The total score was 100.

2.3.6. Incidence of Refracture. Statistics were made on the
number of new fractures in the two groups at 3 months,
6 months, and 12 months after treatment.

2.4. Statistical Analysis. SPSS23.0 statistical software was
adopted to process the data. The measurement data were
presented as (�x ± s). The group design T-test was adopted
for the comparison and the analysis of variance was adopted
for the comparison between multiple groups. Dunnett’s test
was adopted for comparison with the control group. The
counting data were presented in the number of cases and
the percentage, χ2 test was adopted for comparison between
groups, and bilateral test was employed for all statistical
tests.

3. Results

3.1. The Therapeutic Effects among Different Groups. In
group A, 36 cases were effective, 23 cases showed effect,
and 1 case was ineffective, and the effective rate was
98.33%. The data in group B accordingly was 23, 25, and
12, with the effective rate of 80.0%. The data in group C
was 30, 26, and 4, with the effective rate of 93.33%. As a
result, the effective rate of group A was significantly higher,
and the difference was statistically significant (P < 0:05,
Figure 1).

3.2. Metabolic Indexes of Calcium and Phosphorus. Before
treatment, there were no significant differences in the levels
of Ca, P, Scr, and PTH in all study groups (P > 0:05). After
the treatment of 6 months, figure in the 3 groups all
decreased. The levels of Ca, P, Scr, and PTH in group A were
lower than other groups, and the difference was statistically
significant, as showed in Table 1.

3.3. Bone Mineral Density Contrast. Before treatment, there
were no significant differences in the lumbar anteroposterior
BMD, left femoral neck, and Ward’s triangle BMD in each
group with P value over 0.05. After treatment of 6 months,
the lumbar spine anteroposterior BMD, left lateral femoral
neck, and Ward’s triangle BMD were all increased in the
three groups, and the difference was statistically significant
(P < 0:05). All results were shown in Table 2.

3.4. Comparison of Bone Metabolic Indexes. Before treat-
ment, there were no significant differences in the levels of
PINP, β-CTX, ALP, and OC among the three groups
(P > 0:05). After treatment, the levels of PINP and OC in
the three groups increased, while the levels of β-CTX and
ALP decreased. Compared between groups, the improve-
ment of various bone metabolism indexes in group A was
significantly better than that in group B and C, and the dif-
ference was statistically significant (P < 0:05, Table 3).

3.5. Comparison of Upper Limb Muscle Strength and TUGT.
Before treatment, there was no significant difference in
upper limb muscle strength and TUGT in different study
groups (P > 0:05). The muscle strength of the upper limbs
of the three groups was enhanced, and the TUGT was short-
ened after treatment. The improvement effect of the muscle
strength of the upper limbs and the lower limbs of the group
A was significantly better than that of the group B and C,
and the difference was statistically significant(P < 0:05,
Table 4).

3.6. Comparison of Quality-of-Life Scores. No significant dif-
ference in quality-of-life scores were observed among the
three groups before treatment (P > 0:05). There were statis-
tical differences in the scores of physiological function, life
function, general health status, physical pain, mental state,
emotional function, vitality, and social function among the
three groups after 6 months of intervention. In addition,
the quality of life score of group A was higher than that of
group B and C, and the difference was statistically significant
(P < 0:05, Tables 5 and 6).

3.7. Comparison of New Bone Fracture Rate. In group A, the
number of new fractures after 3, 6, and 12 months was 0, 1,
and 3, respectively. In group B, the number of new fractures
after 3, 6, and 12 months was 3, 7, and 14, respectively. The
number of new fractures in group C was 2, 5, and 9, respec-
tively, after 3, 6, and 12 months of treatment. The incidence
of fracture in group A was lower than that in group B and C
at each time point, and the difference was statistically signif-
icant (P < 0:05, Figure 2).

4. Discussion

Osteoporosis (OP) is a common systemic bone disease. OP
characterized by decreased bone mass and bone microstruc-
ture, Meanwhile, there were increased bone brittleness in the
OP patients, which will finally lead to the prone to fracture.
The incidence of osteoporosis in the elderly is relatively high.
Once a hip fracture occurs, it will directly lead to an increase
in disability and mortality in the elderly [17]. According to
statistics from the American Osteoporosis Foundation
(NOF) in 2018, between 1.5 and 2 million of the 10 million

Show efect

EfectiveBe invalid

C group
B group
A group

Figure 1: The therapeutic effects among different groups.
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Americans currently were suffering from osteoporosis
develop osteoporotic fractures each year [18]. 1/8 of men
over the age of 50 have osteoporotic fractures. Thoracic ver-
tebral compression fracture is a common type of osteopo-
rotic fracture, which can cause a variety of complications,
including back pain, chest tightness and hunchback, result-

ing in limited lung function. Compression fractures of the
lumbar spine can cause bloating and abdominal pain, consti-
pation, and loss of appetite. These illnesses make older peo-
ple in relative financial difficulty more vulnerable to
psychological symptoms, such as depression and loss of
self-esteem [19, 20].

Table 1: Calcium and phosphorus metabolism indexes in three groups of patients [�x ± s].

Group N
Ca (mmol/L) P (μmol/L) Scr (mmol/L) PTH (pg/mL)

Before
treatment

Treatment for
6 months

Before
treatment

Treatment for
6 months

Before
treatment

Treatment for
6 months

Before
treatment

Treatment for
6 months

A group 60 2:08 ± 0:23 1:73 ± 0:36a 2:73 ± 0:56 1:98 ± 0:14a 94:23 ± 24:67 78:32 ± 13:02a 521:83 ± 57:08 435:08 ± 45:26a

B group 60 1:98 ± 0:31 2:06 ± 0:46 2:57 ± 0:39 2:41 ± 0:18 94:06 ± 25:02 90:29 ± 12:68c 518:32 ± 48:67 488:93 ± 41:47c

C group 60 2:03 ± 0:27 1:87 ± 0:38b 2:61 ± 0:48 2:25 ± 0:17b 93:87 ± 23:28 84:51 ± 15:13b 506:21 ± 53:72 477:92 ± 46:35b

F 2.028 10.169 1.793 105.093 0.003 11.534 1.420 24.624

P >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.05 <0.05
Note: the comparison of group A, B, and C (P < 0:05) before and after treatment.

Table 2: Bone mineral density in three groups [�x ± s, g/cm2].

Group N

Lumbar vertebra orthopedic
position(L1~L4)

Neck of left lateral femur Ward’s triangle area

Before treatment
Treatment for
6 months

Before treatment
Treatment for
6 months

Before treatment
Treatment for
6 months

A group 60 0:71 ± 0:23 0:92 ± 0:12a 0:63 ± 0:14 0:82 ± 0:07a 0:76 ± 0:18 0:89 ± 0:11a

B group 60 0:72 ± 0:21 0:77 ± 0:09 0:61 ± 0:18 0:64 ± 0:05 0:69 ± 0:17 0:71 ± 0:12
C group 60 0:69 ± 0:18 0:87 ± 0:16c 0:59 ± 0:15 0:71 ± 0:08c 0:72 ± 0:21 0:78 ± 0:08
F 0.325 21.830 0.966 107.391 2.106 45.046

P >0.05 <0.05 >0.05 <0.05 >0.05 <0.05
Note: the comparison of group A, B, and C (P < 0:05) before and after treatment.

Table 3: Bone metabolic indexes between the two groups [�x ± s].

Group N
PINP (ng/mL) β-CTX (ng/mL) ALP (U/L) OC (ng/mL)

Before
treatment

Treatment for
6 months

Before
treatment

Treatment for
6 months

Before
treatment

Treatment for
6 months

Before
treatment

Treatment for
6 months

A group 60 43:95 ± 11:63 61:47 ± 12:26a 0:66 ± 0:13 0:43 ± 0:08a 99:41 ± 12:88 71:62 ± 12:08a 5:62 ± 1:03 9:87 ± 1:83a

B group 60 45:02 ± 11:71 48:72 ± 13:04 0:62 ± 0:11 0:59 ± 0:03b 99:21 ± 12:67 86:54 ± 12:51b 5:72 ± 1:13 6:05 ± 1:22
C group 60 44:71 ± 12:08 54:33 ± 11:48c 0:61 ± 0:14 0:52 ± 0:06c 98:56 ± 13:34 76:63 ± 11:71c 5:34 ± 1:18 7:26 ± 1:47c

F 0.130 10.838 16.257 106.239 0.070 23.609 1.872 98.033

P >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.05 <0.05
Note: the comparison of group A, B, and C (P < 0:05) before and after treatment.

Table 4: Upper limb muscle strength and TUGT between the two groups [�x ± s].

Group N
Upper body strength (kg) TUGT (s)

Before treatment Treatment for 6 months Before treatment Treatment for 6 months

A group 60 18:32 ± 2:47 27:64 ± 1:13a 10:45 ± 1:46 7:44 ± 1:03a

B group 60 18:11 ± 2:82 20:06 ± 1:15b 10:66 ± 1:42 9:04 ± 1:26b

C group 60 17:74 ± 3:05 22:34 ± 1:14c 10:52 ± 1:29 8:57 ± 1:14c

F 0.665 698.216 0.354 30.836

P >0.05 <0.05 >0.05 <0.05
Note: the comparison of group A, B, and C(P < 0:05) before and after treatment.
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Osteoporosis has become a common disease in the
middle-aged and elderly population. Its incidence has
increased significantly. A more effective prevention and
treatment measure is urgently needed to improve the clinical
prognosis of such patients. Osteoporotic fractures will bring
a heavy burden to society and economy. Clinical data have
suggested that patients disabled by osteoporosis-related dis-
eases have longer hospital stays than patients with other
chronic diseases, which will lead to a dramatic increase in
the medical costs of osteoporosis-related diseases [21]. Epi-
demiological data showed that in 2017, there were 3.24 mil-
lion elderly patients with osteoporosis-related fractures in
China, including 450,000 hip fractures, 1.31 million verte-
bral fractures, and 960,000 other osteoporotic fractures
[22]. It is estimated that by 2050, there will be 5.99 million
patients with osteoporotic fractures in China. According to
the meta-analysis of Rizzoli, the overall prevalence of osteo-
porosis among people over 60 years old in my country is
36% (49% in women and 23% in men) [23].

Bushen Zhuanggu tablet is based on the theory of “kidney
governing bone and marrow.” It is treated by nourishing the
liver and kidneys, tonifying the qi and invigorating the blood,
and forming prescriptions (Eucommia ulmoides, Herba Epi-
medii, Radix Scutellariae, Draconis, Radix Angelicae sinensis,
Codonopsis pilosula, Radix Astragali, Dilong, etc.). At present,
estrogen, calcium, bone formation enhancers, and bone
resorption inhibitors are commonly used to treat PMOP.
Although the targeted treatment of these drugs has significant
clinical advantages, they pay too much attention to the local
and ignore the overall concept, which is easy to cause compli-
cations of other systems [24]. The evidence showed that TCM
could also effectively improve BMD, relieve bone pain and
other symptoms. TCM has the advantages of rich resources,
ideal efficacy, and little side effects, which provides a broad
market for the treatment of PMOP [25]. The medicine is
guided by the basic theory of Chinese medicine and combined
with the clinical characteristics of osteoarthritis pain, clinical
experience is constantly summarized and improved. In clinical
practice, the medicine is mostly used for the back and leg pain
caused by osteoporosis and osteoarthritis. However, its exact
efficacy in postmenopausal osteoporosis treatment has not
been revealed.

Our study demonstrated that in group A, the effective
rate was 98.33%; in group B, the effective rate was 80.00%;
and in group C,the treatment effective rate was 93.33%.
The treatment effective rate of group A was the highest
among different study groups. This suggested that no matter

Bushen Zhuanggu tablet was used alone or Bushen
Zhuanggu tablet was combined with conventional regimen,
the clinical effect was more significant than that of conven-
tional regimen. This is closely related to the prescription of
Bushen Zhuanggu tablet. Angelica sinensis in the prescrip-
tion can tonify the liver and kidney. Moreover, it can activate
blood circulation and remove blood stasis. All kinds of med-
icines are combined, giving consideration to both exterior
and interior, tonifying the kidney and filling essence, pro-
moting blood circulation, promoting arthralgia, and dredg-
ing collaterals [26]. Bushen Zhuanggu tablet has a good
curative effect in the treatment of PMOP, mainly because
it can start from the etiology and pathology, improve the
patient’s condition, cure both the symptoms and the root
causes, and have good short-term and long-term effects.

The results of this study showed that after 6 months of
treatment, the levels of Ca, P, Scr, and PTH in the three
groups decreased. The levels of Ca, P, Scr, and PTH in group
A were lower than those in other groups. After intervention,
the lumbar spine anteroposterior BMD, the left lateral fem-
oral neck, and Ward’s triangle bone mineral density were
all increased in the three groups. Among them, group A
was higher than B and C groups. After 6 months’ treatment,
the levels of PINP and OC in the three groups were
increased, while the levels of β-CTX and ALP were
decreased. BMD and bone quality indicates the bone
strength. Others includes bone turnover, bone mineraliza-
tion, and microfracture, in which bone turnover is the deci-
sive factor of bone strength and can affect the formation of
bone quality. On the other hand, the process of bone turn-
over is reflected by bone metabolic markers, which indirectly
reflects osteoclasts activity. Bone metabolic markers are the
products of the decomposition and synthesis of bone tissue
itself, referred to as bone markers. BALP and β-CTX is the
marker of bone formation and bone resorption, respectively.
Bone metabolic markers can dynamically monitor the
changes of bone formation and bone resorption after medi-
cation, which is helpful to judge the bone turnover rate and
evaluate the curative effect [27, 28]. The improvement of
various bone metabolism indexes in group A was signifi-
cantly better than that in group B and C. This indicated that
the adjuvant therapy of Bushen Zhuanggu tablet combined
with conventional treatment could significantly improve
the calcium and phosphorus metabolism and bone metabo-
lism of the patients. The main reason is that the application
of Bushen Zhuanggu tablet can improve the bone strength
and bone quality of the patients.

Table 5: Quality of life scores among the three groups before treatment (�x ± s, points).

Group N
Physiological
function

Physiological
function

Somatic
pain

General state
of health

Mentality
Social

function
Emotional
function

Vitality

A group 60 61:12 ± 5:22 62:25 ± 5:36 61:47 ± 5:27 62:23 ± 5:10 61:17 ± 4:49 61:15 ± 4:48 60:88 ± 4:50 60:28 ± 5:77
B group 60 61:38 ± 5:37 62:31 ± 5:44 61:12 ± 5:10 62:98 ± 5:24 61:08 ± 4:42 61:09 ± 4:45 60:22 ± 4:45 61:03 ± 5:63
C group 60 61:00 ± 5:20 62:98 ± 5:60 60:99 ± 5:18 62:04 ± 5:02 61:01 ± 4:39 60:89 ± 4:42 60:34 ± 4:69 60:86 ± 5:60
F 0.082 0.330 0.138 0.565 0.007 0.056 0.359 0.289

P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
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The improvement effect of muscle strength in group A
was significantly better than other groups. This showed that
Bushen Zhuanggu tablet combined with routine treatment
could significantly promote the limb function in patients
with POMP. The main reason is that Bushen Zhuanggu tab-
let can improve patients’ calcium and phosphorus metabo-
lism, bone metabolism, BMD, and other physiological
indexes. The improvement of these indexes is closely related
to the improvement of muscle strength and the recovery of
limb function, which will form a series of positive chain
reactions. Modern medical research shows that there is a sig-
nificant correlation between bone mass loss and muscle
weakness [29, 30]. The improvement of muscle strength also
contributes to the improvement of bone strength. The max-
imum load of weight-bearing bones after birth determines
most of their strength. These loads come from muscle
strength, so muscle strength can greatly affect the strength
of our weight-bearing bones. When muscle exerts stress on
bone, it will play a positive role in bone growth, remodeling,
and maintenance of bone morphology to improve the
strength of local bone under stress. Therefore, improving
bone strength and increasing muscle strength is the key to
reduce the fracture risk due to falls. The results illustrated
that, the upper limb muscle strength of the three groups
increased and TUGT shortened after 6 months of interven-
tion. In addition, this study also found that there were signif-
icant differences in physiological function, life function,
general health status, physical pain, mental state, emotional
function, vitality, and social function scores among the three
groups. The score of quality of life in group A was higher
than that in B and C groups. Compared between groups,
the incidence of fracture in group A was lower than that in
group B and C at each time point. It is suggested that Bushen
Zhuanggu tablet combined with conventional therapy can
significantly improve the prognosis of patients with POMP
and has a good preventive effect on the occurrence of frac-
ture. The improvement in the quality of life of the patients
is mainly due to the progressive improvement of their phys-
ical functions, their return to a normal life, their gradual
integration into society, and a marked improvement in their
physical and mental state. The decrease in the incidence of
fracture is mainly due to the improvement of physiological
indexes such as BMD, bone metabolism, and muscle
strength, which can greatly reduce the risk of fracture. This

study has some limitations; the sample size of this study is
small, it belongs to a single-center study, and there is a cer-
tain deviation. There are patients’ own factors and other
confounding factors that may interfere with the accuracy
of this study. In future research, we will carry out multicen-
ter, large sample prospective studies, or we can draw more
valuable conclusions.

To sum up, Bushen Zhuanggu tablet combined with
conventional scheme is effective in the treatment of post-
menopausal osteoporosis, which can significantly improve
the BMD of patients, promote the recovery of limb function,
and effectively prevent the occurrence of fracture. Bushen
Zhuanggu tablet combined with conventional scheme is
worthy of clinical promotion.
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Objective. To investigate the effect of dapagliflozin therapy on the clinical outcome of drug-eluting stent (DES) implantation in
elderly patients with type 2 diabetes mellitus (T2DM). Methods. We retrospectively studied the real-world data of patients with
coronary heart disease who received DES implantation in our hospital from May 2019 to May 2021. Baseline general data and
laboratory results of patients were collected. All patients were followed up for two years after PCI, and the follow-up endpoints
included in-stent restenosis, major adverse cardiovascular events (MACE), revascularization, rehospitalization, and all-cause
mortality. Results. Compared with those before treatment, body mass index, systolic blood pressure, diastolic blood pressure,
TG, TC, LDL-C, FBG, and HbA1c were decreased in both groups after treatment, while HDL-C was increased after treatment
(P < 0:05). There were significant differences in BMI, systolic blood pressure, diastolic blood pressure, FBG, and HbA1c
between the two groups before and after treatment. At the end of follow-up, the incidence of in-stent restenosis and MACE in
the dapagliflozin group was lower than that in the nondapagliflozin group. K-M curve analysis showed a significant difference
in in-stent restenosis and MACE after DES implantation between the dapagliflozin group and the nondapagliflozin group
(logrankχ2 = 5:093, 4.524; P = 0:024, 0.033). Conclusion. In accurate clinical data, dapagliflozin could significantly improve the
postoperative BMI, blood pressure, and blood glucose outcome of patients with T2DM complicated with coronary heart
disease and positively impact in-stent restenosis and MACE.

1. Introduction

Epidemiological surveys show that the global prevalence of
diabetes is as high as 9.3% and is expected to rise to 10.2%
by 2030. Diabetes is a significant public health problem that
has burdened the global economy and medical resources [1,
2]. The combination of cardiovascular disease or cardiovas-
cular complications is an essential inducement for poor
prognosis of diabetic patients. Studies [3, 4] show that the
risk of congestive heart failure and concomitant heart failure
is significantly increased in diabetic patients, and the inci-
dence of concomitant two-vessel and three-vessel coronary
artery lesions is also significantly higher than that of nondi-
abetic patients. Diabetes mellitus is also a direct factor affect-
ing the short-term and long-term poor prognosis of almost
all patients with cardiovascular diseases. The causes may be
closely related to cardiac microangiopathy, cardiomyopathy,

and cardiovascular autonomic neuropathy associated with
diabetes mellitus [5, 6]. Sodium-glucose cotransporter 2
(SGLT2) inhibitors are a new type of oral hypoglycemic drug
[7]. As a low-affinity, high-capacity transporter, SGLT2 is
widely distributed in the proximal convoluted tubules of
the kidney and can transport sodium and glucose molecules
by coupling, inhibiting gluconeogenesis and increasing insu-
lin secretion, thereby lowering blood glucose [8, 9]. In recent
years, studies [10, 11] have found that SGLT2 inhibitors not
only improve blood glucose and reduce blood lipid, body
weight, and blood pressure in patients with type 2 diabetes
(T2DM) but also have a protective effect on the cardiovascu-
lar system. The mechanism may be related to the theory of
myocardial energy, volume regulation, sodium-hydrogen
exchange, and reducing myocardial fibrosis. For patients
with T2DM complicated by cardiovascular disease, the
advent of eluting drug stents (DES) has dramatically reduced
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the risk of in-stent restenosis, stent thrombosis, and revascu-
larization failure after percutaneous coronary intervention
(PCI) in patients with metal stents and has a direct impact
on the long-term prognosis of patients [12, 13]. However,
there is currently insufficient evidence-based medical evidence
on the effect of SGLT2 inhibitors on improving the clinical
outcome of DES implantation in T2DM patients. This study
conducted a retrospective analysis based on real-world clinical
data to discuss and report this issue in depth.

2. Methods

2.1. Research Subjects. T2DM patients complicated with cor-
onary heart disease who received DES implantation from
May 2019 to May 2021 in the Department of Cardiology
of our hospital were selected as subjects. Inclusion criteria
are as follows: (1) meeting the relevant diagnostic criteria
for T2DM and coronary heart disease [14, 15]; (2) at least
one DES was implanted, and the operation was successful;
(3) postoperative review data were complete; and (4) age
>60 years old. Exclusion criteria are as follows: (1) patients
with abnormal mental states unable to cooperate with the
study; (2) complicated with severe liver, kidney, and heart
dysfunction; (3) patients with a history of SGLT2 inhibitor
use; (4) previous history of stent implantation or balloon
dilation; (5) previous history of heart failure and myocardial
infarction; and (6) postoperative review was not completed.
Patients were divided into the dapagliflozin group (n = 131)
and the nondapagliflozin group (n = 106) according to
whether they took dapagliflozin or not. The study design
followed the Declaration of Helsinki and was approved by
the hospital’s medical ethics committee.

2.2. Treatment Methods. All patients were treated with a
standardized PCI strategy. Under lidocaine local anesthesia,
the puncture sheath was inserted into the radial or femoral
artery using the Seldinger method, and 3000 IU heparin
and 200μg nitroglycerin were given. Judkins method was
used for body position projection, and the interventional
physician judged the responsible blood vessel and the vascu-
lar status quo. PCI was performed after patients or their
family members signed informed consent, and stent dilation
surface and adhesion degree were evaluated. All patients
received dual antiplatelet therapy for more than 12 months
after PCI.

2.3. Data Collection. All patient data were obtained from our
hospital’s follow-up database, and patients’ baseline clinical
data were obtained through electronic medical records and
archived paper medical records. After collecting and pro-
cessing the original data of the patients, all the enrolled
patients were coded twice after their personal information
was hidden. Two physicians performed relevant data entry
and verification, and cardiology and imaging physicians
were invited to review the results.

The following data of the patients were collected: (1)
baseline general data, including gender, age, body mass
index (BMI), hypertension, dyslipidemia, smoking, drinking,
systolic blood pressure, diastolic blood pressure, type of cor-

onary heart disease, number of lesions, number of stents
implanted, the total length of stents implanted, the mini-
mum diameter of stents, and insulin use; (2) laboratory indi-
cators, including triglyceride (TC), total cholesterol (TG),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), fasting blood glucose
(FBG), glycosylated hemoglobin (HbA1c), and glomerular
filtration rate (eGFR); and (3) clinical outcomes, all patients
were followed up for two years after PCI. The follow-up end-
points included in-stent restenosis, major adverse cardiovas-
cular events (MACE), revascularization, rehospitalization,
and all-cause mortality.

2.4. Statistical Analysis. The collected experimental data
were analyzed using SPSS 21.0. The measurement data in
the experimental data that conformed to the normal distri-
bution were expressed by �x ± s, and the Independent Sam-
ples t-test was used for comparison. The count data were
expressed as the number of cases or rate, and the χ2 test or
Fisher’s exact method was used for comparison. Cox propor-
tional hazards model was used to evaluate the effect of dap-
agliflozin on prognosis during follow-up, and hazard ratio
(HR) and 95% confidence interval (95% CI) were calculated.
Kaplan-Meier survival curve was used to observe and com-
pare the clinical outcomes between the two groups, and the
Log-rank method was used to compare the differences. All
statistical tests were conducted by bilateral test, and P <
0:05 was considered statistically significant.

3. Results

3.1. Comparison of General Baseline Data between the Two
Groups. There were no significant differences in gender,
age, hypertension, dyslipidemia, smoking, drinking, type of
coronary heart disease, number of lesions, number of stents
implanted, the total length of stent implanted, the minimum
diameter of the stent, and insulin use between the dapagliflo-
zin group and the nondapagliflozin group (P > 0:05), and it
was comparable, as shown in Table 1.

3.2. Comparison of Changes in Laboratory Indexes before and
after Treatment between the Two Groups. There were no sig-
nificant differences in BMI, systolic blood pressure, diastolic
blood pressure, TG, TC, HDL-C, LDL-C, FBG, and HbA1c
between the two groups before treatment (P > 0:05). The
BMI, systolic blood pressure, diastolic blood pressure, TG,
TC, LDL-C, FBG, and HbA1c in the two groups decreased
after treatment, while HDL-C increased with statistical sig-
nificance (with statistical significance P < 0:05). The differ-
ences in BMI, systolic blood pressure, diastolic blood
pressure, FBG, and HbA1c before and after treatment were
significantly different between the two groups (P < 0:05),
while there was no significant difference in the differences
in TG, TC, HDL-C, and LDL-C before and after treatment
between the two groups (P > 0:05), as shown in Table 2.

3.3. Comparison of Postoperative Follow-Up Results between
the Two Groups. By the end of follow-up, the incidence of
in-stent restenosis and MACE in the dapagliflozin group
was lower than that in the nondapagliflozin group, with
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statistically significant differences (P < 0:05). At the same
time, there were no statistically significant differences in
revascularization, rehospitalization, and all-cause mortality
between the two groups (P > 0:05), as shown in Table 3.

3.4. K-M Curve Analysis. The K-M curve analysis results
showed a statistically significant difference in in-stent reste-
nosis and MACE after DES implantation in elderly T2DM
patients between the dapagliflozin group and nondapagliflo-
zin group (logrankχ2 = 5:093, 4.524; P = 0:024, 0.033), as
shown in Figure 1.

4. Discussion

Currently, STLT2 inhibitors listed in China include dapagli-
flozin, canagliflozin, and empagliflozin, among which dapa-
gliflozin is the most widely used [16, 17]. SGLT2 inhibitors,
as a new type of hypoglycemic agent, not only have a good
effect on blood glucose control but also have significant ben-
efits on cardiovascular disease, cerebrovascular disease, body
weight, blood pressure, blood lipid, kidney function, and
other indicators [18, 19]. This study compared the effect of
dapagliflozin treatment on the laboratory indicators of

Table 1: Comparison of general baseline data between the two groups.

Item
Dapagliflozin group

(n = 131)
Nondapagliflozin group

(n = 106) t/χ2 value P value

Gender (male/female) 71/60 60/46 0.137 0.711

Age (years) 67:86 ± 7:15 68:34 ± 7:63 0.499 0.619

Concomitant hypertension (cases) 36 35 0.856 0.355

Concomitant dyslipidemia (cases) 26 20 0.036 0.850

Smoking (cases) 18 15 0.008 0.928

Drinking (cases) 16 11 0.196 0.658

Type of coronary heart disease (unstable angina/acute
myocardial infarction/other)

61/33/37 60/30/16 5.900 0.052

Number of lesions (single vessel/multiple vessels) 10/121 10/96 0.246 0.620

Number of stents implanted 3:13 ± 0:86 2:97 ± 0:80 1.469 0.143

The total length of stent implanted (mm) 62:53 ± 10:85 58:34 ± 11:86 1.482 0.140

Minimum diameter of the stent (mm) 2:66 ± 0:43 2:73 ± 0:40 1.285 0.200

Insulin use (cases) 51 48 0.972 0.324

Table 2: Comparison of changes in laboratory indexes before and after treatment between the two groups.

Index
Dapagliflozin group (n = 131) Nondapagliflozin group (n = 106)

Before treatment After treatment Difference Before treatment After treatment Difference

BMI (kg/m2) 25:34 ± 2:10 23:16 ± 1:56ab 2:18 ± 0:38c 25:66 ± 2:26 24:93 ± 1:90 0:73 ± 0:16
Systolic blood pressure (mmHg) 130:39 ± 22:10 119:30 ± 15:39ab 11:09 ± 3:20c 131:86 ± 21:86 125:63 ± 20:19 6:23 ± 2:10
Diastolic blood pressure (mmHg) 81:13 ± 7:53 69:43 ± 7:83ab 11:70 ± 2:64c 81:30 ± 7:55 75:62 ± 7:60 5:67 ± 2:26
TG (mmol/L) 1:80 ± 0:66 1:61 ± 0:43a 0:19 ± 0:10 1:83 ± 0:61 1:63 ± 0:40 0:20 ± 0:10
TC (mmol/L) 3:20 ± 0:67 2:86 ± 0:60a 0:34 ± 0:18 3:25 ± 0:68 2:86 ± 0:53 0:39 ± 0:20
HDL-C (mmol/L) 0:97 ± 0:20 1:21 ± 0:26a 0:24 ± 0:13 0:95 ± 0:22 1:22 ± 0:20 0:27 ± 0:15
LDL-C (mmol/L) 2:22 ± 0:65 1:93 ± 0:60a 0:29 ± 0:20 2:19 ± 0:60 1:90 ± 0:56 0:29 ± 0:21
FBG (mmol/L) 7:18 ± 1:65 5:61 ± 1:64ab 1:57 ± 0:40c 7:09 ± 1:60 6:25 ± 1:68 0:84 ± 0:31
HbA1c 7:86 ± 1:64 6:53 ± 1:26ab 1:33 ± 0:42c 7:53 ± 1:50 6:88 ± 1:20 0:65 ± 0:39
Note: arepresents P < 0:05 when compared between before and after treatment within the group, brepresents P < 0:05 when compared between the two groups
after treatment, and crepresents P < 0:05 when compared the differences before/after treatment between the two groups.

Table 3: Comparison of postoperative follow-up results between the two groups (n/%).

Clinical outcomes Dapagliflozin group (n = 131) Nondapagliflozin group (n = 106) P value Adjusted HR (95% CI)

In-stent restenosis 16 (12.21) 28 (26.42) 0.005 0.533 (0.353~0.656)
MACE 6 (4.58) 15 (14.15) 0.010 0.739 (0.531~0.990)
Revascularization 7 (5.34) 7 (6.60) 0.267 0.916 (0.867~1.216)
Rehospitalization 5 (3.82) 6 (5.66) 0.547 0.934 (0.880~1.233)
All-cause death 2 (1.53) 1 (0.97) 1.000 1.034 (0.993~1.315)
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patients. The differences in BMI, systolic blood pressure,
diastolic blood pressure, FBG, and HbA1c before and after
treatment were significantly different between the two
groups (P < 0:05), while there was no significant difference
in the differences in TG, TC, HDL-C, and LDL-C before
and after treatment between the two groups. This result
shows that dapagliflozin treatment has obvious clinical ben-
efits in BMI, lowering blood pressure, and controlling blood
sugar, but there is no apparent advantage in blood lipids. In
previous foreign studies [20, 21], some scholars found that
dapagliflozin treatment can reduce systolic blood pressure
by 11.9mmHg, which is close to the results of this study.
The production of adipokines is a common mechanism of
cardiovascular disease and insulin resistance, and ectopic
fat deposition in the perivascular and epicardium signifi-
cantly affects the paracrine process of myocardial adipokines
[22]. SGLT2 inhibitors can affect proinflammatory and anti-
inflammatory adipokines, reduce visceral fat, subcutaneous
fat, and total fat and positively affect lipid indexes [23].
However, there was no significant difference in the benefit
of blood lipid changes between the two groups in this study,
and its mechanism needs to be further explored.

In terms of improving clinical outcomes, this study
showed that the incidence of in-stent restenosis and MACE
in the dapagliflozin group was significantly lower than in the
nondapagliflozin group. At the same time, there was no dif-
ference in revascularization, rehospitalization, and all-cause
mortality between the two groups, and further, K-M curve
analysis also showed the same results. In previous studies
[24, 25], there are differences in the improvement of clinical

outcomes of patients with dapagliflozin. The results of some
scholars’ research have shown that dapagliflozin can signifi-
cantly reduce the incidence of all-cause mortality, rehospi-
talization, and cardiac death. However, this result was not
reflected in this study, so the difference in results among dif-
ferent studies may be related to the difference in baseline
data, treatment plan, race, and other factors of the enrolled
subjects [26, 27]. In diabetic patients with coronary heart
disease, cardiac insufficiency can lead to the overloading of
the heart. Traditional diuretics can reduce cardiac volume
load while aggravating insufficient blood volume circulation,
while dapagliflozin can improve interstitial edema without
affecting arterial perfusion [28]. In previous in vivo and
in vitro studies, dapagliflozin can improve the vascular
endothelial function of patients and reduce the endometrial
hyperplasia of stents, which may be one of the reasons for
the lower incidence of stent restenosis [29, 30].

As a retrospective real-world study, this study showed
that dapagliflozin treatment could significantly improve
postoperative BMI, blood pressure, and blood glucose out-
comes in patients with T2DM complicated with coronary
heart disease in real-world clinical data and had a positive
effect on in-stent restenosis and MACE. However, this study
has certain limitations. For example, this study is a single-
center study, and it is difficult to control the main clinical
variables of patients, which may cause certain selection
biases. This study only evaluated the benefits of BMI, blood
pressure, blood glucose, and blood lipids and had less evalu-
ation of other possible benefits. It is necessary to expand the
sample size and follow-up time further to improve and sup-
plement the conclusions.
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Background. Clinically, there were few reports on single-hole thoracoscopic segmental resection in non-small-cell lung cancer
(NSCLC), and no report on the comparison of single-hole and three-hole thoracoscopic segmental resection. Hence, the
purpose of the study was to explore the perioperative role of single-port thoracoscopic segmentectomy and three-port
thoracoscopic segmentectomy for early-stage NSCLC. Methods. The clinical data of 80 patients with early-stage NSCLC who
were treated in our hospital from January 2021 to June 2022 were selected as the retrospective research subjects and divided
into a comparison/research group with 40 cases in each group according to different surgical methods. Among them, the
comparison group was received three-port thoracoscopic segmentectomy, and the research group was received single-port
thoracoscopic segmentectomy. The surgical indicators, immune and tumor marker levels, as well as prognostic complications
between two groups were compared. Results. There was no remarkable diversity between the two groups in terms of operation
time and the number of lymph nodes dissected during the operation (P > 0:05). The surgical blood loss in research group was
lower than comparison group (P < 0:05). After treatment, the levels of CYFRA21-1, CA125, as well as VGEF in the research
group were markedly lower than comparison group (P < 0:05). The differences in CD4+, CD3+, and CD4+/CD8+ after treatment
were prominent, and the research group was higher than comparison group (P < 0:05). There was no statistical difference in
postoperative complications between the two groups (P > 0:05). Conclusions. Single-hole thoracoscopic lobectomy has obvious
advantages in the treatment of NSCLC, which can reduce intraoperative bleeding, enhance the recovery of patients’ immune
function, and promote postoperative recovery.

1. Introduction

Non-small-cell lung cancer (NSCLC) is a relatively common
clinical malignant tumor of the respiratory system. The
incidence rate accounts for about 80% of all lung cancer
patients. The mortality rate of patients after diagnosis is
high, and it increases year by year with the passage of time
[1]. Surgery, as a common method for the treatment of
NSCLC, has gradually transitioned from traditional tho-
racoscopic lobectomy to segmentectomy after years of
technological development [2]. At present, three-port thora-
coscopy was commonly used in clinical treatment of patients
with NSCLC, but there were still shortcomings such as obvi-

ous postoperative pain and thoracic movement disorders [3].
In recent years, single-port thoracoscopic segmentectomy,
which was characterized by smaller chest wall incisions and
more preservation of lung tissue, had been selectively applied
in the surgical treatment of patients with NSCLC, especially
for peripheral stage I lung cancer. It has been proved that
its short-term clinical efficacy was basically the same as that
of the three-hole method [3]. However, there were few
reports on the single-hole method at present and compara-
tive studies between single hole and three hole.

In the field of segmentectomy for early-stage NSCLC, the
more traditional surgical method is the three-port method,
including the observation port, the main operating port,
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and the auxiliary operating port [4, 5]. Although this
traditional surgical method had become more and more
mature, but massive scholars have found that there were
some defects in three-port thoracoscopic surgery, such as
numbness or dyskinesia at the distal end of the chest wall,
and pain in the auxiliary operating port of the back [6, 7].
So, the single-port thoracoscopic technique came into being,
and it was also a major breakthrough in the minimally
invasive technique of thoracic surgery in recent years [8].
Single-port thoracoscopic surgery usually chose the fourth
or fifth intercostal space between the anterior axillary line
and the midaxillary line as the only surgical incision, which
was more suitable for the operation angle during the
operation. The characteristic of single-port thoracoscope
was that various surgical instruments and endoscopic
lenses needed to be placed in the same incision, and
the operating angle of view was closer to that of open
surgery under direct vision, so the relative visual error
was small [9].

Hence, the study aimed to seek the perioperative role of
single-port thoracoscopic segmentectomy and three-port
thoracoscopic segmentectomy for early-stage NSCLC, sup-
plying a fresh direction for clinical treatment of NSCLC.

2. Material and Methods

2.1. Research Object. The clinical data of 80 patients with
early-stage NSCLC who were treated in our hospital from
January 2021 to June 2022 were selected as the retrospective
research subjects and divided into a comparison/research
group with 40 cases in each group according to different sur-
gical methods. Diagnostic criteria were referred to Chinese
Medical Association Lung Cancer Clinical Diagnosis and
Treatment Guidelines [10].

2.2. Inclusion and Exclusion Criteria. Inclusion criteria are as
follows: (1) chest high resolution CT (HRCT) showed that
the tumor diameter was 2 cm or less, the solid component
was less than 50%, and the intraoperative rapid freezing
and postoperative pathological diagnosis were NSCLC;
(2) cranio-thoracic T, radioactive radionuclide whole-body
bone scintigraphy, abdominal color Doppler ultrasound,
and other related examinations confirm that the tumor had
no distant metastasis; (3) the tumors were all single lesions,
and the resection margins of lung tissue were more than
2 cm away from the lesion edge; (4) The general condition
of the patient was good, and the patient could tolerate
segmentectomy under general anesthesia.

Exclusion criteria are as follows: (1) history of thoracic
trauma, or a history of preoperative radiotherapy and
chemotherapy; (2) combined with other malignant tumors;
(3) central lung cancer or peripheral lung cancer with multi-
ple lesions; (4) patients with underlying diseases such as
severe diabetes and hypertension.

2.3. Surgical Methods. After admission, the patients in the
two groups were inquired about the medical history in detail,
carried out a general physical examination, assessed the
patient’s condition and general physical condition, and

improved the relevant preoperative examinations. Preopera-
tive related examinations included blood routine, liver and
kidney function, blood type identification, blood coagulation
routine, and electrolyte routine as well as routine before
blood transfusion. Auxiliary examinations included head
CT, chest CT, abdominal ultrasound, cardiac ultrasound,
pulmonary function, electrocardiogram, and radionuclide
system bone imaging. After the contraindications for surgery
were excluded, the surgical treatment was performed. The
patients’ family members were interviewed before surgery,
and the patients’ cases were randomly divided into the com-
parison/research group according to the surgery method.
The two groups of patients were operated by the same
medical team, and they were placed in a 90-degree lying
position on the unaffected side, with a pillow under the
armpit to increase the width of the intercostal space. The
anesthesia method was general anesthesia with double-
lumen tracheal intubation. During the operation, the
affected lung was kept collapsed, and the contralateral lung
was ventilated with one lung. Among them, the research
group usually chose the fourth or fifth intercostal space of
the anterior axillary line, which was determined according
to the interlobar fissure, the hilum of the lung, and the loca-
tion of the lesion. In comparison group, an incision of about
1.5 cm in length was made at the 7th or 8th intercostal space
of the midaxillary line, and the trocar was placed as the
observation hole, and the 3rd or 4th intercostal space
between the anterior axillary line and the midaxillary line
was selected as the main operation hole. The size of the inci-
sion was 3-4 cm, a soft incision protective sleeve was placed
in the incision, and an incision of about 1.5 cm in length
between the 7th or 8th intercostal space of the posterior axil-
lary line was selected as the auxiliary operation hole. Both
groups underwent segmentectomy and hilar and mediastinal
lymph node dissection.

2.4. Outcome Measures

(1) Perioperative indexes of the two groups (observation
of intraoperative blood loss, operation time, and
number of lymph node dissection). (2) Determina-
tion of tumor markers: after treatment, 5ml of fast-
ing elbow vein blood was drawn from the patient,
the supernatant was centrifuged, and CYFRA21-1,
CA125, as well as VGEF levels were measured by
radioimmunoassay. (3) Immune function: after
centrifugation of the above patients’ serum, CD4+,
CD3+, and CD4+/CD8+ were measured via flow
cytometry (American BD company, FACS Vantage
type). (4) Adverse reaction determination: record
the occurrence of complications of the two groups
of patients during treatment

2.5. Statistical Analysis. All data were discussed using SPSS
28.0 The measurement data were expressed via x ± s, and
the intergroup data were tested by independent t test; χ2

test was adopted for counting data. P < 0:05, significant
difference.
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3. Results

3.1. General Data Comparison. The gender, average age,
tumor diameter, pathological type, and other general data
of the two groups of patients were compared by t test and
chi-squared test, and there was no significant difference
(P > 0:05). See Table 1.

3.2. Perioperative Improvement. There was no statistical
difference between the two groups in terms of operative time
and the number of lymph node dissection groups (P > 0:05).
Patients in research group had lower surgical bleeding than
comparison group, and this difference was statistically sig-
nificant (P < 0:05). See Figure 1.

3.3. Comparison of Tumor Marker Levels. There was no sig-
nificant difference in the levels of tumor markers between
the two groups before treatment. After treatment, the levels
of CYFRA21-1, CA125, and VGEF in the research group
were significantly lower than comparison group, and the
difference was significant (P < 0:05). See Figure 2.

3.4. Immune Level Comparison. There was no significant
diversity in the immune level between the two groups
before treatment (P > 0:05), while the differences in
CD4+, CD3+, and CD4+/CD8+ after treatment were signifi-
cant, and the research group was higher than comparison
group (P < 0:05). See Figure 3.

3.5. Prognostic Complications. There was 1 case of postoper-
ative pleural effusion and 1 case of postoperative air leakage
in the study group, and 1 case of postoperative pulmonary
infection in the control group. There was no statistical diver-
sity in postoperative complications between the two groups
(P > 0:05).

4. Discussion

NSCLC has become one of the most serious malignant
tumors threatening human health in China. In addition,
the physiological function of most patients declines, and
the organs and tissues of various systems are aging, so the
requirements for surgery are higher [11, 12]. The surgical
treatment principle of NSCLC was to completely remove

Table 1: Comparison of general data between the two groups [n, (�x ± s)].

Group Gender (men/women) Average age (age) Tumor diameter (cm)
Pathological type

Adenocarcinoma Squamous cell carcinoma

Comparison group (40) 28/12 56:87 ± 6:39 1:88 ± 0:23 33 7

Research group (40) 29/11 56:69 ± 6:23 1:89 ± 0:28 32 8

χ2 / t 0.061 0.023 0.074 0.065 0.346

P 0.805 0.731 0.941 0.799 0.556
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Figure 1: Comparison of operation time, intraoperative blood loss, and number of lymph node dissection groups. (a) Operation time;
(b) Intraoperative blood loss. (c) Number of lymph node dissection groups. ##P < 0:01 vs. comparison group.
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the tumor as far as possible and retain the healthy lung tissue
as far as possible and perform corresponding lobectomy and
systematic hilar and mediastinal lymph node dissection.
Studies have found that for early-stage lung cancer with a
diameter of less than 2 cm, segmentectomy had a similar
long-term effect as lobectomy and preserves the patient’s
lung function to the greatest extent, while reducing related
complications after lung resection [13]. Clinically, three-
hole thoracoscopic lobectomy could remove the focus and
gave play to the therapeutic effect [14]. In recent years, the
technology of single-port thoracoscopic lobectomy had
gradually matured, and many explorations have also con-
firmed the feasibility of single-port thoracoscopic segment-
ectomy [15]. In terms of operation time, postoperative
extubation time, and complication rate, single-port thoraco-
scopic surgery is safe and reliable [16]. In addition, due to
the incision was in an intercostal space, postoperative pain,
chest wall paresthesia, and other discomforts were signifi-
cantly reduced compared with traditional surgery [17]. On
the premise that minimally invasive surgery was safe and
feasible, the minimally invasive advantages of single-port
thoracoscopy were more prominent, and the related lung
function was protected [18]. The clinical application advan-

tage of single-hole thoracoscopic lobectomy had become the
focus of minimally invasive thoracic surgery [19].

The results of this study indicated that there was no
remarkable diversity between the two groups in terms of
operation time and the number of lymph nodes dissected
during the operation. The surgical blood loss in research
group was lower than in comparison group. The results indi-
cated that single-hole thoracoscopic lobectomy had certain
advantages in terms of surgical blood loss, which implied
that single-hole thoracoscopic lobectomy, on the one hand,
could select an operation hole between fourth, or fifth ribs
according to the upper, middle, and lower lobe lesions,
which could effectively reduce the number of incisions,
reduce body trauma, reduce drainage flow, and shorten
drainage time. On the other hand, when thoracoscopic
accesses to the body, it was not easy to damage blood vessels,
which could reduce bleeding [20].

Clinical imaging indicators are commonly used to evalu-
ate the prognosis of patients, but imaging examination will
be affected by the surrounding tissue, boundary, and volume
of the lesion, and the requirements for imaging physicians
and equipment are relatively high [21]. In addition, even if
there is no progress in imaging results, the level of tumor
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markers may continue to rise [22]. Tumor markers usually
exist in the blood, and their levels in host cells will also show
certain changes. Because of the advantages of fast and simple
detection, it has a good indication for the patient’s condition
development and efficacy evaluation [23]. VEGF is affirmed
to participate in NSCLC angiogenesis and metastasis [24].
CYFRA21-1 is a soluble fragment of cytokeratin, which
could be released into the blood, which has a high diagnostic
value for patients with NSCLC [25]. Its detection level can be
used to reflect the short-term efficacy of tumor treatment
[26]. The results of this study exhibited that the improve-
ment of the above tumor markers in the patients in the
research group was less than comparison group, suggesting
that the single-port thoracoscopic segmentectomy might
reduce the generation of tumor markers and improve the
prognosis of NSCLC.

T lymphocytes have the function of immune regulation
and can produce a better stable effect on the immune inter-
nal environment of the body [27]. Among them, CD8+ can
effectively reflect inhibitory T cells, CD3+ is a marker of
mature T cells, and CD4+ can represent helper T cells. Com-
pared with normal people, the level of T cell differentiation
antigens such as CD3+, CD4+, and CD4+/CD8+ in cancer
population is significantly lower [28]. Thus, the above indi-
cators could effectively evaluate the level of autoimmunity
[29]. The results of this study exhibited that the improve-
ment of CD3+, CD4+, and CD4+/CD8+ in the research group
after treatment was better than comparison group. This
might be because single-port thoracoscopic segmentectomy
could activate the immune response of the body, promote
cell apoptosis, and to some extent, promote the killing
function of new lymphocytes, so it could enhance the
body immunity and improve the prognosis [30]. Further-
more, the outcomes discovered that the incidence of post-
operative complications in research and comparison group
was roughly similar, and there was no prominent diversity,
indicating that single-port thoracoscopic segmentectomy
possessed high safety and excellent clinical effect in the
early treatment of NSCLC. In addition, this study should
further explore the lung function, overall survival rate,
and progression free survival rate of NSCLC patients via
a single-port thoracoscopic segmentectomy to estimate
the prognosis.

To sum up, single-hole thoracoscopic segmental resec-
tion could decrease intraoperative bleeding, reduce the level
of serum tumor markers, and ameliorate immune function.
Its clinical effect was superior to three-hole thoracoscopic
segmental resection, which possessed certain clinical appli-
cation value.
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Objective. Chronic kidney disease (CKD) is a clinical collective term for kidney disease with glomerular filtration rate ðGFRÞ < 60
mL/min for more than three months due to various factors and is usually associated with coronary heart disease and is also an
independent risk factor for coronary heart disease. This study is aimed at systematically reviewing the influence of CKD on the
outcomes of patients after percutaneous coronary intervention (PCI) for chronic total occlusions (CTOs). Methods. The
Cochrane Library, PubMed, Embase, China biomedical literature database (SinoMed), China National Knowledge
Infrastructure, and Wanfang database were searched for case-control studies on the influence of CKD on outcomes after PCI
for CTOs. After screening the literature, extracting data, and evaluating the quality of literature, RevMan 5.3 software was used
for meta-analysis. Results. There were 11 articles with a total of 558,440 patients included. Meta-analysis results indicated that
left ventricular ejection fraction (LVEF) level, diabetes, smoking, hypertension, coronary artery bypass grafting, angiotensin
converting enzyme inhibitor (ACEI)/angiotensin receptor blocker (ARB), β-blockers, age, and renal insufficiency were the
factors affecting outcomes after PCI for CTOs [risk ratio and 95% confidence interval were: 0.88 (0.86, 0.90), 0.96 (0.95, 0.96),
0.76 (0.59, 0.98), 1.39 (0.89, 2.16), 0.73 (0.38, 1.40), 0.24 (0.02, 3.9), 0.78 (0.77, 0.79), 0.81 (0.80, 0.82), and 1.50 (0.47, 4.79)].
Conclusion. LVEF level, diabetes, smoking, hypertension, coronary artery bypass grafting, ACEI/ARB, β-blockers, age, renal
insufficiency, etc. are important risk factors for outcomes after PCI for CTOs. Controlling these risk factors is of great
significance for the prevention, treatment, and prognosis of CKD.

1. Introduction

Chronic kidney disease (CKD), a clinical collective term for
kidney disease with glomerular filtration rate ðGFRÞ < 60
mL/min for more than three months due to various factors,
is usually associated with coronary heart disease and is also
an independent risk factor for coronary heart disease [1].
Chronic kidney disease (CKD) is recognized as an irrevers-
ible reduction of functional nephrons and leads to an
increased risk of various pathological conditions; addition-
ally, CKD patients have impaired immunity against bacteria
and viruses [2]. It has been revealed that GFR decline is an
independent predictive factor for coronary artery lesions
and adverse cardiovascular events [3]. CKD has become a

chronic disease that seriously threatens human health,
bringing a huge economic burden to the country, society,
and family.

Percutaneous coronary intervention (PCI) has been rec-
ognized by the medical community at home and abroad as
an effective method for the treatment of coronary heart dis-
eases [4]. PCI relieves symptoms of chronic ischemic heart
disease patients resistant to optimal medical therapy and
alters natural history of acute coronary syndromes [5].
According to the data reported by the National Health and
Family Planning Commission online, an average of 426.82
patients per million population in China underwent PCI
treatment, and the average number of implanted stents
remained at about 1.5 [6]. In an existing system, a virtual
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reality- (VR-) based surgery simulation system is presented
for personalized PCI; in addition, the simulation system
can directly take patient-specific clinical data as input and
generate virtual 3D intervention scenarios [7]. However,
PCI angina also negatively impacts 20-40% of patients and
imposes a high burden on the healthcare system [8].

Chronic total occlusion (CTO) refers to lesions in which
the coronary arteries are completely occluded, and the occlu-
sion time exceeds 3 months. It is a common type of coronary
heart disease, accounting for approximately half of the total
number of coronary heart diseases. With the rapid develop-
ment of PCI, more and more CTO patients have received
PCI and achieved perfect recanalization. However, a study
has revealed that CTO patients are usually older and are
often complicated with diabetes mellitus, multivessel disease,
lower left ventricular ejection fraction, and poor basal renal
function [9]. At present, the meta-analysis of the influence
of CKD on outcomes after PCI for CTOs is still rare in
China, and the research cases are relatively scattered and
lack quantitative statistics. To the best of our knowledge, sel-
dom systematic review has attempted to analyze evidence on
the subject in question, and no meta-analysis has been con-
ducted in the literature to present pooled evidence on the
outcomes after PCI for CTOs in the elderly [10]. Therefore,
this study systematically evaluated the influencing factors
affecting outcomes after PCI for CTOs, in order to provide
an evidence-based insight for clinical early nursing
intervention.

2. Materials and Methods

2.1. Literature Inclusion Criteria. Literatures involving
patients diagnosed with coronary heart disease and accom-
panied by CKD were included. The influence of CKD risk
factors on outcomes after PCI for CTOs served as exposure
factors. Case-control studies in Chinese and English from
2010 to 2020 were included for meta-analysis. Exclusion cri-
teria were listed as follows: (1) duplicates, (2) reviews, (3) full
text is unavailable, and (4) inconsistency with the theme. Lit-
eratures adjudged to be eligible were identified using the pre-
ferred reporting items for systematic reviews and meta-
analysis algorithm.

2.2. Literature Retrieval Strategy. The Cochrane Library,
PubMed, Embase, China biomedical literature database
(SinoMed), China National Knowledge Infrastructure
(CNKI), and Wanfang database were searched online. The
English search terms were “chronic kidney disease”, “percu-
taneous coronary intervention”, “chronic total occlusion”,
“CKD”, “PCI”, and “CTO”. The related original documents
were retrieved in each database by connecting the search
terms with Boolean logic operators, and the related docu-
ments needed for this study were determined by analyzing
the titles, abstracts, keywords, subject headings, and refer-
ences of the documents.

2.3. Literature Screening and Data Extraction. According to
the inclusion and exclusion criteria established by the
meta-analysis, two researchers read through the abstracts

of the selected literature to exclude literatures that did not
meet the research conditions, and then the two researchers
jointly extracted the research data and other relevant infor-
mation, which were checked by another three independent
researchers. If there was a disagreement, it would be resolved
through a three-party consultation, and the opinions of the
tutor and the tutor group would be listened.

2.4. Evaluation of Literature Quality. The Newcastle-Ottawa
scale [11] was used to assess the quality of literatures, includ-
ing comparability and outcomes. The full score of the scale
was 9 points, of which comparability was counted as 2
points, and the remaining items were 1 point. Evaluation
results >6 points were regarded as high-quality studies.

2.5. Statistical Analysis. Meta-analysis of the collected data
was performed using RevMan 5.3 software. The final-
effects indicators were measured by mean ± standard devia-
tion (mean ± SD). The heterogeneity of the included papers
was identified using both the statistical method and the for-
est plots, with P value of the Chi-squared and I2 as heteroge-
neity measures. I2 ranged from 0 to 100%. I2 = 0 indicated
that there was no heterogeneity, while higher I2 indicated
greater heterogeneity. The threshold of P values was 0.1,
and I2 was distinguished by 50%. If P ≥ 0:1 and I2 ≤ 50%,
it indicated no statistical heterogeneity or small heterogene-
ity among the study results, and a fixed-effects model could
be used for meta-analysis; if P < 0:1 and I2 > 50%, it indi-
cated statistical heterogeneity among the study results, and
a random-effects model could be used for meta-analysis.
All count data were pooled as risk ratio (RR), and 95% con-
fidence intervals (CI) were reported. P < 0:05 was considered
statistically significant.

By making a funnel plot to evaluate whether the included
studies had publication bias, simple scatter plot was made
with the effect measure (RR) as the abscissa, and the stan-
dard error of the effect measure [SE (logRR)] as the ordinate.
If the funnel graph in the funnel plot was symmetrical on
both sides, it meant that there was no publication bias, oth-
erwise, there was publication bias.

3. Results

3.1. Literature Retrieval Results. A total of 2610 related liter-
atures were obtained through preliminary database search,
including 387 in Cochrane Library, 588 in PubMed, 689 in
Embase, 358 in SinoMed, 387 in CNKI, and 201 in Wanfang.
There were 1864 remaining articles after using NoteExpress
software to remove the duplicates. After reading the titles
and abstracts, 654 reviews, 39 unavailable literatures, and
689 literatures inconsistent with the theme were excluded.
After searching and reading the full text, 471 articles were
further excluded, and 11 articles were finally included,
involving 558,440 patients.

3.2. Basic Characteristics and Methodological Quality
Evaluation of Included Studies. The basic characteristics
and methodological quality evaluation of the included stud-
ies are shown in Table 1 and Table 2.
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3.3. Meta-Analysis Results

3.3.1. LVEF <40%. Three studies demonstrated the influence
of LVEF <40% on outcomes after PCI for CTOs, with data
heterogeneity (I2 = 97%), using a random-effects model.
The number of cases with LVEF <40% included in the three
studies was 44,545 (CKD group) and 10,817 (non-CKD
group), respectively. The analysis results showed that the
CKD group was higher than the non-CKD group
[RR = 0:88, 95% CI (0.86, 0.90), P < 0:00001], and the differ-
ence was statistically significant (Figure 1).

3.3.2. Type 2 Diabetes. Seven studies demonstrated the influ-
ence of type 2 diabetes on outcomes after PCI for CTOs,
with data heterogeneity (I2 = 90%), using a random-effects
model. The number of cases with type 2 diabetes included
in the seven studies was 182,442 (CKD group) and 40,771
(non-CKD group), respectively. The analysis results showed
that the CKD group was higher than the non-CKD group
[RR = 0:96, 95% CI (0.95, 0.96), P < 0:00001], and the differ-
ence was statistically significant (Figure 2).

3.3.3. Smoking. Six studies demonstrated the influence of
smoking on outcomes after PCI for CTOs, with data heteroge-
neity (I2 = 74%), using a random-effects model. The number of
cases with smoking included in the six studies was 86,989 (CKD
group) and 19,646 (non-CKD group), respectively. The analysis
results showed that the CKD group was higher than the non-
CKD group [RR = 0:76, 95% CI (0.59, 0.98), P = 0:03], and
the difference was statistically significant (Figure 3).

3.3.4. Hypertension. Six studies demonstrated the influence
of hypertension on outcomes after PCI for CTOs, with data
heterogeneity (I2 = 90%), using a random-effects model. The
number of cases with hypertension included in the six stud-
ies was 392,975 (CKD group) and 84,780 (non-CKD group),
respectively. The analysis results showed that the CKD
group was higher than the non-CKD group [RR = 1:39,
95% CI (0.89, 2.16), P = 0:14], and the difference was not
statistically significant (Figure 4).

3.3.5. Hyperlipidemia. Four studies demonstrated the influ-
ence of hyperlipidemia on outcomes after PCI for CTOs,

with data heterogeneity (I2 = 66%), using a random-effects
model. The number of cases with hyperlipidemia included
in the four studies was 772 (CKD group) and 1809 (non-
CKD group), respectively. The analysis results showed that
the CKD group was lower than the non-CKD group
[RR = −0:07, 95% CI (-0.10, -0.03), P < 0:00001], and the
difference was statistically significant (Figure 5).

3.3.6. Coronary Artery Bypass Grafting. Four studies demon-
strated the influence of coronary artery bypass grafting on
outcomes after PCI for CTOs, with data heterogeneity
(I2 = 92%), using a random-effects model. The number of
cases with coronary artery bypass grafting included in the
four studies was 84,896 (CKD group) and 21,769 (non-
CKD group), respectively. The analysis results showed that
the CKD group was higher than the non-CKD group
[RR = 0:73, 95% CI (0.38, 1.40), P = 0:35], and the difference
was not statistically significant (Figure 6).

3.3.7. ACEI/ARB. Two studies demonstrated the influence of
ACEI/ARB on outcomes after PCI for CTOs, with data het-
erogeneity (I2 = 94%), using a random-effects model. The
number of cases with ACEI/ARB included in the two studies
was 150 (CKD group) and 478 (non-CKD group), respec-
tively. The analysis results showed that the CKD group was
higher than the non-CKD group [RR = 0:24, 95% CI (0.02,
3.9), P = 0:32], and the difference was not statistically signif-
icant (Figure 7).

3.3.8. β-Blockers. Two studies demonstrated the influence of
β-blockers on outcomes after PCI for CTOs, without data
heterogeneity (I2 = 0%), using a fixed-effects model. The
number of cases with β-blockers in the two studies was
280,157 (CKD group) and 63,502 (non-CKD group), respec-
tively. The analysis results showed that the CKD group was
higher than the non-CKD group [RR = 0:78, 95% CI (0.77,
0.79), P < 0:00001], and the difference was statistically sig-
nificant (Figure 8).

3.3.9. Death. Five studies demonstrated the mortality after
PCI for CTOs, with data heterogeneity (I2 = 89%), using a
random-effects model. The number of deaths included in

Table 2: Evaluation of literature quality.

Authors (1) (2) (3) (4) (5) (6) (7) (8) Total scores

Jiang et al. [12] 1 1 1 1 1 0 1 0 6

Bufe et al. [13] 1 1 1 1 1 1 1 1 8

Pu et al. [14] 1 1 1 1 1 1 1 1 8

Laufer-Perl et al. [15] 1 1 1 1 1 1 0 1 7

Yang et al. [16] 1 1 1 1 1 1 1 0 7

Zheng and Cai [17] 1 1 0 1 1 0 1 1 6

Azzalini et al. [18] 1 1 1 1 1 1 1 1 8

Naganuma et al. [19] 1 1 1 1 1 0 1 1 7

Faridi et al. [20] 1 1 1 1 1 1 1 1 8

Malik et al. [21] 1 1 1 1 1 1 1 1 8

Charalambous et al. [22] 1 1 1 1 1 1 1 1 8
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Study or subgroup Events Total Events Total Weight
Experimental Control

M-H, fxed, 95% CI
Risk ratio

M-H, fxed, 95% CI
Risk ratio

Year

Yang 2015
Azzalini 2018
Faridi 2019

Total (95% CI)
Total events

7 35 60 265 0.1%
0.6%

99.3%

100.0%

115 214 278 878
44423

44545

456403

456651

10479

10817

94340

95483

0.88 [0.44, 1.78]
1.70 [1.45, 1.99]
0.88 [0.86, 0.89]

0.88 [0.86, 0.90]

2015
2018
2019

0.01 0.1 1 10 100
Heterogeneity: chi2 = 66.57, df = 2 (P < 0.00001); I2 = 97%
Test for overall efect: Z = 12.40 (P < 0.00001)

Experimental control

Figure 1: Forest plot of meta-analysis of LVEF on outcomes after PCI for CTOs.

Study or subgroup
Events Total Events Total

WeightExperimental Control
M-H, fxed, 95% CI

Risk ratio
M-H, fxed, 95% CI

Risk ratio
Year

Yang 2015
Azzalini 2018

Faridi 2019

Total (95% CI)
Total events

22 35 194 265 0.1%
0.2%

98.9%

100.0%

110 214 301 878
Naganuma 2018 0.5%268 555 412 908

Charalambous 2020 0.2%127 254 103 254
Malik 2020 0.2%120 225 268 732

181793

182442

456402

457720

39416

40771

94340

97770

0.86 [0.66, 1.12]
1.36 [1.15, 1.62]
1.06 [0.95, 1.19]
0.95 [0.95, 0.96]
1.23 [1.02, 1.50]
1.46 [1.25, 1.70]

0.96 [0.95, 0.96]

2015
Jiang 2010 12 35 77 393 0.0% 1.75 [1.06, 2.89] 2010

2018
2018
2019
2020
2020

0.01 0.1 1 10 100Heterogeneity: chi2 = 61.98, df = 6 (P < 0.00001); I2 = 90%
Test for overall efect: Z = 10.63 (P < 0.00001)

Experimental control

Figure 2: Forest plot of meta-analysis of type 2 diabetes on outcomes after PCI for CTOs.

Study or subgroup
Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CIYear

Yang 2015 24 35 175 265 7.9% 1.12 [0.53, 2.39] 2015
Azzalini 2018 16.9%38 214 288 878 0.44 [0.30, 0.65] 2018
Naganuma 2018 19.8%81 555 153 908 0.84 [0.63, 1.13] 2018
Faridi 2019 26.9%86778 456402 18869 94340 0.94 [0.92, 0.96] 2019
Malik 2020 13.3%21 225 104 732 0.62 [0.38, 1.02] 2020
Charalambous 2020 15.1%47 254 57 254 0.78 [0.51, 1.21] 2020
Total (95% CI)
Total events

100.0%
86989

457685
19646

97377 0.76 [0.59, 0.98]

Experimental Control Odds ratio Odds ratio

Heterogeneity: tau2 = 0.06; chi2 = 19.22 df = 5 (P = 0.002); I2 = 74%
Test for overall efect: Z = 2.15 (P = 0.03) 0.01 0.1 1 10 100

Favours [Experimental] Favours [Control]

Figure 3: Forest plot of meta-analysis of smoking on outcomes after PCI for CTOs.

Study or subgroup
Events Total Events Total

Weight
M-H, random, 95% CI M-H, random, 95% CIYear

Yang 2015 16 35 98 265 13.6% 1.44 [0.71, 2.92] 2015
Azzalini 2018 19.0%491 555 734 908 0.82 [1.34, 2.48] 2018
Naganuma 2018 18.0%179 214 628 878 2.04 [1.38, 3.01] 2018
Faridi 2019 20.9%392034 456402 82896 94340 0.84 [0.82, 0.86] 2019
Charalambous 2020 14.6%235 254 231 254 1.23 [0.65, 2.32] 2020
Total (95% CI)
Total events

100.0%
392975

457495
84780

97038 1.39 [0.89, 2.16]

Experimental Control Odds ratio Odds ratio

Heterogeneity: tau2 = 0.24; chi2 = 48.72, df = 5 (P < 0.00001); I2 = 90%
Test for overall efect: Z = 1.46 (P = 0.14)

0.01 0.1 1 10 100

Favours [Experimental] Favours [Control]

Jiang 2010 20 35 193 393 13.8% 1.38 [0.69, 2.78] 2010

Figure 4: Forest plot of meta-analysis of hypertension on outcomes after PCI for CTOs.
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the five studies was 1852 (CKD group) and 382 (non-CKD
group). The analysis results showed that the CKD group
was higher than the non-CKD group [RR = 9:93, 95% CI
(1.39, 70.67), P = 0:02], and the difference was statistically
significant (Figure 9).

3.3.10. eGFR. Five studies demonstrated the influence of
eGFR on outcomes after PCI for CTOs, with data heteroge-
neity (I2 = 96%), using a random-effects model. The analysis

results showed that the CKD group was lower than the non-
CKD group [RR = −37:25, 95% CI (-44.43, -30.08), P <
0:00001], and the difference was statistically significant
(Figure 10).

3.3.11. Age >75 Years. Two studies demonstrated the influ-
ence of age on outcomes after PCI for CTOs, without data
heterogeneity (I2 = 0%), using a fixed-effects model. The
number of cases with age >75 years included in the two

Study or subgroup
Events Total Events Total

WeightExperimental Control
M-H, fxed, 95% CI

Risk diference
M-H, fxed, 95% CI

Risk diference
Year

Yang 2015 31 35 228 265 4.6% 0.03 [–0.09, 0.14] 2015
Azzalini 2018 25.5%157 214 657 878 –0.01 [–0.08, 0.05] 2018
Naganuma 2018 51.1%363 555 693 908 –0.11 [–0.16, 0.06] 2018
Charalambous 2020 18.8%221 254 231 254 –0.04 [–0.09, 0.01] 2020
Total (95% CI)
Total events

100.0%
772

1058
1809

2305 –0.07 [–0.10, –0.03]

Heterogeneity: chi2 = 8.81, df = 3 (P = 0.03); I2 = 66%
Test for overall efect: Z = 4.03 (P < 0.0001) –1 –0.5 0 0.5 1

Favours [Experimental] Favours [Control]

Figure 5: Forest plot of meta-analysis of hyperlipidemia on outcomes after PCI for CTOs.

Study or subgroup
Events Total Events Total

Weight
Experimental Control

M-H, random, 95% CI
Odds ratio

M-H, random, 95% CI
Odds ratio

Year
Yang 2015 1 35 7 265 7.3% 1.08 [0.13, 9.08] 2015
Azzalini 2018 29.7%41 214 115 878 1.87 [0.06, 2.33] 2018
Faridi 2019 33.3%84803 456402 21529 94340 0.77 [0.76, 0.78] 2019
Charalambous 2020 29.7%51 254 118 254 0.29 [0.20, 0.43] 2020

Total (95% CI)
Total events

100.0%
84896

456905
21769

95737 0.73 [0.38, 1.40]

Heterogeneity: tau2 = 0.33; chi2 = 36.51, df = 3 (P < 0.00001); I2 = 92%
Test for overall efect: Z = 0.94 (P = 0.035)

0.01 0.1 1 10 100

Favours [Experimental] Favours [Control]

Figure 6: Forest plot of meta-analysis of coronary artery bypass grafting on outcomes after PCI for CTOs.

Study or subgroup
Events Total Events Total

WeightExperimental Control
M-H, random, 95% CI

Odds ratio
M-H, random, 95% CI

Odds ratio
Year

Yang 2015 32 35 241 265 47.9% 1.06 [0.30, 3.73] 2015
Charalambous 2020 52.1%118 254 237 254 0.06 [0.04, 0.11] 2020

Total (95% CI)
Total events

100.0%
150

289
478

519 0.24 [0.02, 3.90]

Heterogeneity: tau2 = 3.78; chi2 = 16.45, df = 1 (P < 0.00001); I2 = 94%
Test for overall efect: Z = 1.00 (P = 0.32)

0.01 0.1 1 10 100

Experimental control

Figure 7: Forest plot of meta-analysis of ACEI/ARB on outcomes after PCI for CTOs.

Study or subgroup
Events Total Events Total

WeightExperimental Control
M-H, fxed, 95% CI

Odds ratio
M-H, fxed, 95% CI

Odds ratio
Year

Yang 2015 26 35 225 265 0.0% 0.51 [0.22, 1.18] 2015
Faridi 2019 100.0%280131 456402 63277 94340 0.78 [0.77, 0.79] 2019

Total (95% CI)
Total events

100.0%
280157

456437
63502

94605 0.78 [0.77, 0.79]

Heterogeneity: chi2 = 0.98, df = 1 (P = 0.32); I2 = 0%
Test for overall efect: Z = 32.84 (P < 0.00001)

0.01 0.1 1 10 100

Favours [Experimental] Favours [Control]

Figure 8: Forest plot of meta-analysis of β-blockers on outcomes after PCI for CTOs.
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studies was 189,320 (CKD group) and 43,991 (non-CKD
group), respectively. The analysis results showed that the
CKD group was higher than the non-CKD group
[RR = 0:81, 95% CI (0.80, 0.82), P < 0:00001], and the differ-
ence was statistically significant (Figure 11).

3.3.12. Renal Insufficiency. Three studies demonstrated the
influence of renal insufficiency on outcomes after PCI for
CTOs, with data heterogeneity (I2 = 91%), using a
random-effects model. The number of cases with renal
insufficiency included in the three studies was 126 (CKD
group) and 52 (non-CKD group), respectively. The analy-
sis results showed that the CKD group was higher than
the non-CKD group [RR = 1:50, 95% CI (0.47, 4.79), P =
0:5], and the difference was not statistically significant
(Figure 12).

3.4. Publication Bias Analysis. Publication bias analysis was
performed on the included studies. The results showed that
the funnel plot presented an inverted triangle pattern, and
the results were less biased, and the results were credible
(Figure 13).

4. Discussion

A total of 11 literatures were included in this study, of which
9 articles with a NOS scale score of ≥7 were of high quality,
including 8 articles in English and 10 articles in Chinese. All
literatures demonstrated that a controlled study was con-
ducted, the experimental group was a CKD group, and the
control group was a non-CKD group. The indicators
included in the studies were concentrated, and the influence
of various risk factors of CKD on outcomes after PCI for

Study or subgroup
Events Total Events Total

WeightExperimental Control
M-H, random, 95% CI

Odds ratio
M-H, random, 95% CI

Odds ratio
Year

Jiang 2010 12 35 1 393 19.3% 204.52 [25.48, 164.81] 2010
Yang 2015 3 35 0 265 15.7% 57.18 [2.89, 1132.04] 2015
Azzalini 2018 18.0%2 214 1 878 8.27 [0.75, 91.67] 2018
Faridi 2019 24.7%1826 456402 377 94340 1.00 [0.90, 1.12] 2019
Charalambous 2020 22.2%9 254 3 254 3.07 [0.82, 11.49] 2020
Total (95% CI)
Total events

100.0%
1852

456940
382

96130 9.93 [1.39, 70.67]

Heterogeneity: tau2 = 4.06; chi2 = 37.70, df = 4 (P < 0.00001); I2 = 89%
Test for overall efect: Z = 2.29 (P = 0.02)

0.01 0.1 1 10 100

Favours [Experimental] Favours [Control]

Figure 9: Forest plot of meta-analysis of death on outcomes after PCI for CTOs.

Study or subgroup
Mean MeanTotalSD SD Total

WeightExperimental Control
IV, random, 95% CI

Mean diference
IV, random, 95% CI
Mean diference

Year

–100 –50 0 50 100
Favours [Experimental] Favours [Control]

Total (95% CI) 100.0%1107 3212 –37.25 [–44.43, –30.08]
Heterogeneity: tau2 = 56.60, chi2 = 97.01, df = 4 (P < 0.00001); I2 = 96%
Test for overall efect: Z = 10.17 (P < 0.00001)

Yang 2015 83.9 44 35 76.33 22.41 265 11.8% 7.57 [–7.25, 22.39] 2015

Malik 2020 23.1%44.2 225 87.314.5 73219.1 –43.10 [–45.45, 40.75] 2020

Azzalini 2018 23.1%43
31 20 81 17 908

214 20.8 878
Naganuma 2018 23.3%555

14.6 91.8
45.7117.17827.9Zheng 2018 88.9 429 18.8%

–48.80 [–51.19, 46.41]
–28.20 [–35.75, –20.65]

–50.00 [–52.00, –4800]
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2018
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Figure 10: Forest plot of meta-analysis of eGFR on outcomes after PCI for CTOs.

Study or subgroup
Events Total Events Total

Weight
Experimental Control

M-H, fxed, 95% CI
Odds ratio

M-H, fxed, 95% CI
Odds ratio

Year

Total (95% CI)
Total events

100.0%
189320

456437
43991

94605 0.81 [0.80, 0.82]

Heterogeneity: chi2 = 0.17, df = 1 (P = 0.68); I2 = 0%
Test for overall efect: Z = 28.79 (P < 0.00001) 0.01 0.1 1 10 100

Favours [Experimental] Favours [Control]

Yang 2015 7 35 54 265 0.0% 0.98 [0.40, 2.36] 2015
Faridi 2019 100.0%189313 456402 43937 94340 0.81 [0.80, 0.82] 2019

Figure 11: Forest plot of meta-analysis of age on outcomes after PCI for CTOs.
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CTOs was analyzed to different degrees. The bias of the
results was small, and the results of the studies were credible,
which can be used for clinical reference.

CKD is one of the important causes of iatrogenic kidney
damage [23]. Once it occurs, it will seriously affect the prog-
nosis of patients. In 2004, Mehran et al. made a systematic
scoring for chronic risk factors, and the final model for scor-
ing included multiple factors of age >75 years, diabetes mel-
litus, chronic congestive heart failure, perioperative
hypotension, anemia and chronic renal insufficiency, and
elective use of intra-aortic balloon pump (IABP) implanta-
tion [24]. However, with the development of interventional
techniques, more and more CTO patients can achieve ideal
revascularization through interventions [25]. The patho-
physiological mechanism of chronic disease is not yet fully
understood, and the possible mechanisms include renal
vasoconstriction and direct nephrotoxicity of oxidative stress
[26]. Previously, the incidence of CKD in general population
was about 1%-11% [27], and the incidence of CKD in differ-
ent populations may vary considerably. In high-risk patients
complicated with renal insufficiency, the incidence of CKD
significantly increased [28]. CTO patients undergoing PCI
may be a high-risk population of CKD, and the proportion

of patients complicated with renal insufficiency is high.
The meta-analysis results of this study demonstrated that
renal insufficiency is one of the most important factors for
outcomes after PCI for CTOs, with positive correlations.
There have been previous studies on the incidence of CKD
after PCI in CTO patients [29]. The results of literature stud-
ies have demonstrated that smoking after PCI can signifi-
cantly reduce the long-term efficacy of antithrombotic
therapy and increase the incidence of cardiovascular and
cerebrovascular events, which may be related to the reduc-
tion of platelet activation of antithrombotic drugs by smok-
ing [30]. The meta-analysis results of this study
demonstrated that smoking is one of the most important
factors for outcomes after PCI for CTOs, with positive corre-
lations. A study has revealed that renal insufficiency is
related to left ventricular remodeling, and there is a synergis-
tic effect between the two, which will greatly increase the
morbidity and mortality of coronary heart disease patients
[31]. The meta-analysis results of this study also demon-
strated that LVEF level, diabetes, hypertension, coronary
artery bypass grafting, ACEI/ARB, β-blockers, and age were
the most important factors for outcomes after PCI for CTOs,
with positive correlations. Therefore, for CKD patients,

Study or subgroup Events Total Events Total Weight
Experimental Control

M-H, fxed, 95% CI
Odds ratio

M-H, fxed, 95% CI
Odds ratio

Year

0.01 0.1 1 10 100
Favours [Experimental] Favours [Control]

Total (95% CI)
Total events

100.0%
126

456941
52

94895 1.50 [0.47, 4.79]

Heterogeneity: tau2 = 0.96, chi2 = 22.77, df = 2 (P < 0.0001); I2 = 91%
Test for overall efect: Z = 0.68 (P = 0.50)

Faridi 2019
Pu 2011
Bufe 2010
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34.0%
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456402
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250
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94340
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250

0.54 [0.29, 1.02]
1.51 [0.81, 2.83]
3.99 [2.36, 6.76]

2011
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Figure 12: Forest plot of meta-analysis of renal insufficiency on outcomes after PCI for CTOs.
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Figure 13: Funnel plot.
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attention should be paid to the monitoring and control of
blood pressure, LVEF level, age, and renal function testing,
so that blood pressure can be controlled at the correspond-
ing level, in order to improve the in-hospital prognosis of
patients after PCI. At the same time, attention should be
paid to whether the patients have diabetes, whether the
patients smoke, and whether the patients take β-blockers,
so as to effectively improve the prognosis of patients after
PCI.

Our systemic review may provide theoretical reference
for clinical treatments and research. Limitations of this
meta-analysis need to be stated. At present, there are few
studies on CKD in CTO-PCI. The sample size was small,
the included trials had certain geographical limitations, and
there was the possibility of publication bias; the studies eval-
uated the results using trial data, so baseline characteristics
of different trials cannot be assessed. Thus, more random-
ized controlled trials with high quality, multifocus and large
sample remained to be performed to further prove the
conclusions.

5. Conclusion

With the acceleration of population aging and urbanization
in China, people’s living standards and lifestyles have under-
gone great changes, resulting in more and more factors
affecting the cure of coronary heart disease. CKD also has
a greater impact on the prognosis of coronary heart disease
patients. At present, PCI has become an important treat-
ment method for coronary heart disease. There are many
influencing factors of coronary heart disease, and the prog-
nosis of coronary heart disease patients complicated with
CKD is also affected by the interaction of multiple factors.
LVEF level, diabetes, smoking, hypertension, coronary
artery bypass grafting, ACEI/ARB, β-blockers, age, and renal
insufficiency are important risk factors for outcomes after
PCI for CTOs. Controlling these risk factors is of great sig-
nificance for the prevention, treatment, and prognosis of
coronary heart disease.
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Background. Sensitive indicators of nursing quality focus on the core elements of nursing quality management. Nursing-sensitive
quality indicators will play an increasingly important role in the macro and micro management of nursing quality in my country.
Objective. This study were aimed at formulating the sensitive index management of orthopedic nursing quality based on individual
nurses for improvement of the quality of orthopedic nursing. Methods. Based on the previous literature, the existing challenges in
the early application of the orthopedic nursing quality evaluation index were summarized. Moreover, the management system of
the orthopedic nursing quality-sensitive index based on individual nurses was devised and implemented, including monitoring the
structure and result indices of individual nurses on duty and sampling the process indicators of patients managed by individual
nurses. At the quarter-end, the data analysis was performed and fed back to determine the key points of the changes in the quality
of specialized nursing affecting the individual, and the PDCA method was utilized for persistent improvement. The changes of
sensitive indices of orthopedic nursing quality before (July-December 2018) and 6 months after implementation (July-
December 2019) were compared. Results. There were significant differences in other indices (accuracy of limb blood circulation
assessment/accuracy of pain assessment/postural care pass rate/accuracy of rehabilitation behavioral training/satisfaction of
discharged patients) (P < 0:05). Conclusion. The formulation of an individual-based orthopedic nursing quality-sensitive index
management system modifies the traditional quality management model, improves the specialized nursing level, contributes to
the accurate core competence training of specialized nursing, and improves the quality of specialized nursing of individual
nurses. Consequently, there is an overall improvement in the specialized nursing quality of the department, and fine
management is attained.

1. Introduction

The sensitive indicators of nursing quality are nursing guide-
lines, regulations, procedures and methods formulated
according to the content, characteristics, processes, manage-
ment requirements of nursing work, and the characteristics
and needs of nursing staff. Sensitive indicators of nursing
quality are also yardsticks for measuring nursing work.
The establishment of a systematic, scientific, and advanced
nursing standardization system is conducive to improving
the quality of nursing and nursing management and pro-
moting the development of nursing disciplines and the train-

ing of nursing talents. On the basis of the above standards,
each hospital formulates basic nursing quality standards,
critically ill patient nursing quality standards, nursing docu-
mentation quality standards, and other standards but lacks
specialist nursing quality standards. In the field of orthope-
dic nursing, domestic and foreign countries only focus on
the evaluation of certain orthopedic diseases or individual
nursing problems and lack comprehensive and overall
orthopedic nursing quality standards. Sensitive indicators
of nursing quality focus on the core elements of nursing
quality management, and nursing-sensitive quality indica-
tors will play an increasingly important role in the macro-
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and micromanagement of nursing quality in my country.
Quantitatively identify nursing practices that are most rele-
vant to patient outcomes in an effort to improve patient
safety and quality of care [1, 2]. The indicator management
process includes data collection, quality control, data pro-
cessing, and analysis, identifying key points of changes in
nursing quality, selecting implementation measures, and
improving program evaluation [3, 4].

Previously, indicator management was based on the
integrity level of wards, departments, and hospitals [5–8];
however, the individualized management of nursing quality
based on evaluation indicators has not yet been reported.
At an early stage, the research team designed 10 sensitive
indicators of orthopaedic care quality [9]. The application
process mainly includes the following: based on the chal-
lenges of data collation, data processing, and analysis at the
ward level, the determination of the focus of complete
change in nursing quality, and the relatively common selec-
tion of implementation measures and improvement projects;
giving full play to the enthusiasm of nurses, leading to pas-
sive inspection and improvement is challenging; comparing
quality differences among nurses is challenging and not con-
ducive to performance appraisal. Considering the above
challenges, we implemented individualized management of
the nursing quality of orthopaedic nurses based on sensitive
indicators and achieved satisfactory results. The research
team constructed 10 sensitive indicators of orthopaedic
nursing quality in the previous research. During the applica-
tion process, it was found that there is no corresponding
standard, which is likely to cause different scales of evalua-
tors, lack of homogeneity, and insufficient conversion into
specific nursing behaviors, in order to establish an intrinsic
link between indicators and standards to drive continuous
improvement in the quality of specialist care.

2. Objects and Methods

2.1. Objects. The Department of Orthopedics of our hospital
is a national key construction discipline, integrating trauma,
joint, and spine surgeries, bone oncology, microsurgery,
sports medicine, and other specialized disease treatment dis-
ciplines. Seventy-seven orthopedic nurses were included as
the study participants, with the age ranging from 22 to 42
(29.69, 5.34) years; title: one deputy chief nurse (1.30%), 13
chief nurses (16.88%), 51 nurse practitioner (66.23%), and
12 nurses (15.58%); working years: 29 (37.66%) with <5
years, 30 (38.96%) with 5– 10 years, seven (9.09%) with
11– 15 years, and 11 (14.29%) with >15 years; and posts:
19 nursing team leaders or specialized nurses (24.68%), 22
senior nurses (28.57%), and 36 junior nurses (46.75%).

The following are the inclusion criteria: (i) clinical prac-
tical nurses registered with the Provincial Health Commis-
sion, (ii) clinical practical nurses registered with the
Provincial Health Commission, (iii) clinical practical nurses
registered with the Provincial Health Commission, with at
least orthopaedic nursing work (1 year). The following are
the exclusion criteria: (i) nursing managers (head nurses),
nurses without a nursing practice certificate were excluded;
(ii) working in orthopaedics for <1 year, with long-term

leave; and (iii) sick leave, maternity leave; or studying abroad
for more than 15 days (nurse).

2.2. Methods

2.2.1. Establishment of Sensitive Indicators of Orthopedic
Nursing Quality. In 2018, based on the previous research
and practices of 48 orthopedic nursing quality evaluation
indicators [10], the research team summarized the existing
problems, searched domestic and foreign literature, and
using the Delphi method formulated 10 orthopedic nursing
quality sensitive indicators, such as limb blood circulation
evaluation accuracy, posture nursing qualification rate, reha-
bilitation behavior training accuracy, and deep vein throm-
bosis incidence rate. The expert authority coefficient of two
rounds of expert inquiry was 0.902. The results obtained
were credible, with positive coefficients of 0.96 and 1.00.
After two rounds of expert consultation, the coefficient of
variation was 0–0.27, and the coefficient of coordination
was 0.36–0.68 (P < 0:05). Structural indicators (include 1.1
as shown in Table 1) were collected by daily registration,
process indicators (2.1–2.4) by field assessment, and result
indicators (3.1–3.4) by clinical data statistics (chart review)
or satisfaction survey. Each index defines its connotation,
evaluation elements, and calculation formula, as shown in
Table 1. The evaluation criteria of specialized nursing quality
were established, such as limb blood circulation, nerve func-
tion, axis turnover operation, plaster fixation patient care
operation, spinal cord injury patient handling standards,
and various auxiliary equipment use standards according
to the indicators.

2.2.2. Implementation of Personalized Management of
Orthopedic Nurses’ Nursing Quality Based

(1) Establishment of a Specialist Nursing Quality Control
Group. In January 2019, a specialist nursing quality control
group was established. The group members comprised the
department nursing director, district nursing director, and
specialist nurses, with a total of 10 members. The inclusion
criteria for team members were bachelor degree or above;
rigorous scientific fact-finding attitude; rich nursing exper-
tise, strong thinking, and judgment; experience in nursing
quality evaluation; 10 or more years of experience in ortho-
pedic nursing or management; and intermediate level or
above. The responsibilities of the team members include
organizing core competency training based on sensitive indi-
cators and performing individual nursing quality personal-
ized management (data collection, quality control, data
processing and analysis, data feedback, and improvement
project evaluation) for individual nurses based on sensitive
indicators.

(2) Core Competency Training Based on Sensitive Indicators.
The core competency training of orthopedic nurses includes
the theoretical knowledge and practical skills related to sen-
sitive indicators which are included as important elements of
clinical practice competency. From January to March 2019,
pretraining on personalized management of nursing quality
of orthopedic nurses is organized and implemented. Content
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of the training included overview and interpretation of
orthopedic nursing quality sensitive indicators, the connota-
tion of indicators theoretical knowledge, nursing processes,
and standards and application of orthopedic nursing quality
sensitive indicators for nursing quality management;
methods of training and assessment: theoretical lectures,
case teaching, operation demonstrations, business visits,
objective structured clinical examinations, skill training,
and assessment; training hours: 120 h/person.

(3) The Specialist Nursing Quality Control Team Performing
Individualized Monitoring and Improvement of Indicators.
Individualized monitoring of structural indicators (nurse-
patient ratio) and some outcome indicators (incidence of
external fixation complications, deep vein thrombosis, and
respiratory obstruction in high-risk patients) are conducted,
that is, monitoring the nurse-patient ratio and outcome

indicators during the shift of the responsible nurse. Patients
who were under the charge nurse’s supervision throughout
the hospital stay were monitored for outcome indicators
(patient satisfaction at discharge). To investigate satisfaction,
the hospital’s revised “Patient Satisfaction Questionnaire”
was distributed at the time of discharge, which included
patient satisfaction with the medical environment, quality
of care, professional skills of nurses, and service attitude of
nurses. The survey forms were placed in the satisfaction sur-
vey box by patients or family members to reduce human
interference factors. The process indicators including accu-
racy of blood circulation assessment in limbs, the accuracy
of neurological function assessment, the accuracy of pain
assessment, the passing rate of postural care, and accuracy
of rehabilitation behavior training of the patients under the
charge of this responsible nurse were sampled, and record
forms were filled out. Moreover, members of the quality

Table 1: Orthopedic nursing quality sensitive indicators.

Secondary indicators Connotation of indicators and evaluation elements Calculation formula

1.1 Nurse-patient ratio
The ratio between the number of nursing staff and the

number of patients

The sum of the number of patients per shift per day/the
sum of the number of charge nurses per shift per day

during the statistical cycle

2.1 Accuracy of limb
blood circulation
assessment

Local or affected limb tissue temperature, skin color,
capillary filling response, swelling, and arterial

pulsation with correct content, frequency, method, and
timing

Number of patients assessed accurately/total number of
patients sampled

2.2 Accuracy of
neurological function
assessment

Sensory, muscle strength, motor, reflex, and autonomic
function in the spinal cord, peripheral innervated areas

with the correct content, frequency, method, and
timing

2.3 Accuracy of pain
assessment

Accurate pain assessment tools include pain time,
location, degree, nature, duration, resting and active
pain, concomitant symptoms, and the impact of pain
on daily life, sleep, psychology, and functional activities,

pain level after pharmacological analgesia

2.4 Postural care pass
rate

Appropriate postural pillows; necessary protective
measures; correct and safe postural transfer; patients
master the purpose, method, and precautions of
functional or therapeutic position and transfer

Number of patients with accurate postural care/total
number of patients sampled

2.5 Accuracy of
rehabilitation training

Work with the physician to develop an individualized
exercise program, include a method, amount,

frequency, and time of exercise from preoperative to
the post-discharge phase; appropriate assistive devices;

patients exercise appropriately and progressively

Number of patients with accurate rehabilitation
training/total number of patients sampled

3.1 Incidence of external
fixation complications

Include compartment syndrome, instrument-related
pressure injury, ineffective traction, skeletal traction
displacement, and traction needle crossing infection

Number of patients with external fixation
complications/person-days of patients with internal

fixation in the statistical cycle

3.2 Incidence of deep
vein thrombosis

Diagnosed by color Doppler ultrasound
Number of patients with deep vein thrombosis/number

of patient days in the statistical cycle

3.3 Incidence of
respiratory obstruction
in high-risk patients

High-risk patients: cervical spine injury, advanced age
(70 years), infants and children, anterior cervical spine
surgery, and patients who underwent a tracheotomy.

Number of high-risk patients with respiratory
obstruction/number of patient-days of high-risk

patients in the statistical cycle

3.4 Discharge patient
satisfaction

Satisfaction with the pain control, discharge
notification, and services

Uniform assessment form: the patient satisfaction
questionnaire (third-party survey is conducted by

hospitals with conditions)
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control team served as quality inspectors, and each nurse
was continuously sampled for each indicator five times/
quarter, and the total number of times each nurse sampled
for the five indicators was 25 per quarter. The quality of
the nurses’ process of implementing specialized care was
assessed to determine if the content was comprehensive,
the method was correct, and the results were consistent with
the quality inspector’s evaluation. When the two evaluation
results were inconsistent, another quality inspector made a
judgment, and if necessary, the competent professor of the
patient was asked to implement the evaluation and provide
guidance.

Quarterly data entry of quality evaluation was performed
to establish a database of sensitive indicators of orthopedic
nursing quality based on individual nurses. At the end of
each quarter, the quality management team analyzed the
above data by calculating each nurse’s indicator value, com-
paring the growth rate of each nurse’s indicator value to the
previous quarter, comparing the difference in indicator
values between nurses at the same level of position, compar-
ing the difference between each nurse’s indicator value and
the indicator target value for nurses in the same level of posi-
tion, and providing feedback to the individual nurse on the
results of the analysis and the individual finding the impact
of individual specialty nursing The results of the analysis
are fed back to the individual nurse, and the individual iden-
tifies priorities for continuous improvement that affect indi-
vidual specialty care changes. Simultaneously, targeted
training is provided at the ward and unit level for nurses
with large differences in indicator values and fluctuating
indicator values, and specialty nursing core competency
training is implemented based on individual nurses. For
example, the pain assessment accuracy of a nurse’s patients
was the lowest among the process indicators and lower than
the pain assessment accuracy of nurses in the same level of
positions. The individual detected that the reasons affecting
his low pain assessment accuracy were his lack of mastery
of the use of different pain assessment scales, subjective
judgment during pain assessment, and lack of timely assess-
ment after implementing pain interventions. The individual
proposed improvement measures, including changing the
concept of pain, believing in the patient’s chief complaint,
learning relevant knowledge, and writing a case report on
pain assessment in conjunction with the case; asking the dis-
trict nurse manager or pain specialist nurse for bedside guid-
ance; and self-evaluating the accuracy of pain assessment
and comparing it with the evaluation results of the QI
officer.

2.2.3. Statistical Analysis. Statistical analysis was performed
using SPSS 20.0 software to compare changes in orthopedic
nursing quality sensitivity indicators before implementation
(July-December 2018) and 6 months after implementation
(July-December 2019). Percentages were used for descriptive
analysis and the χ2 test was used to compare the differences
between the two groups with a test level of α = 0:05. The
types of diseases in which nurses performed care before
and after implementation included extremity fractures, mul-

tiple injuries, pelvic fractures, brachial plexus injuries, hand
trauma, osteoarthritis of the knee, femoral head necrosis,
femoral neck fractures, femoral trochanter fractures, knee
ligament injuries, knee meniscal injuries, lumbar disc herni-
ation, cervical spondylosis, scoliosis, spinal cord injury, spi-
nal fracture, extremity bone tumor, and sacral tumor. The
differences in patients’ sex, age, diagnosis, surgery, and con-
dition classification were comparable and not statistically
significant (P > 0:05). The results of the discharge patient
satisfaction survey were selected for statistical analysis from
the questionnaires completed by patients who had imple-
mented the process index evaluation.

3. Results

There was no significant difference in the nurse-patient ratio
of nurses in charge of the same post before and after the
intervention (P > 0:05). The incidence of external fixation
complications in high-risk patients was 0.65%, the incidence
of deep vein thrombosis was 0.52%, and the incidence of
respiratory obstruction was 0.13%. In high-risk patients,
the incidence of deep vein thrombosis was 0.13% and the
incidence of respiratory obstruction was 0. Comparing the
process indicators of nurse management at different levels
with the results of patient discharge satisfaction, all indica-
tors except the accuracy rate of neurological function assess-
ment of patients in the nursing management of level 3 and
the satisfaction rate of discharged patients from nursing
group leaders or specialist nurses have statistics difference
in science (P < 0:05). See Tables 2–4.

4. Discussion

With the gradual formation of a consensus on the concept of
“evidence-led improvement to replace evidence-based man-
agement,” nursing-sensitive quality indicators will play an
increasingly important role in the macro- and microman-
agement of nursing quality in my country [11]. In recent
years, researches on nursing-sensitive quality indicators have
appeared one after another in my country, but the applica-
tion of indicators is single, and most of them are based on
the three-level quality control of nursing department-
department-department and head nurse [12–15]. Individ-
uals “do not know what the challenge is, do not know if
the problem is related to the individual, do not know what
my quality level is” and a series of confusions [16]. Accord-
ing to the epistemology of Marxism, the internal cause is the
basis of change, the external cause is the condition of the
change, and the external cause works through the internal
cause [17]. Quality is prepared by individual nurses, and
continuous improvement of quality is a process of active
learning and improvement, rather than a process of passive
improvement by individual nurses [18]. The results show
that the index management based on individual nurses can
timely feedback the quality level of nurses to individual
nurses, making the quality evaluation more scientific and
accurate; based on the index evaluation of individual nurses,
the index results of all nurses in a certain period of time are
summarized to form the overall quality [19]. At the
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professional level, it avoids the quality deviation that may
have been caused by unreasonable quality monitoring in
the past, and truly reflects the overall results [20]. This
avoids the quality deviation that may be caused by unrea-
sonable quality monitoring in the past, truly reflects the

overall quality level, and is conducive to continuous quality
improvement at the professional level.

Our study found no statistically significant difference in
the proportion of nurses and patients in the same post
before and after the intervention. The incidence of external

Table 2: Comparison of orthopedic nursing quality sensitive index values of primary charge nurses before and after implementation.

Group

Group
Total

sampled
visits

Accuracy of limb
blood circulation
assessment (%)

Accuracy of
neurological
function

assessment (%)

Accuracy of pain
assessment (%)

Postural care
pass rate (%)

Accuracy of
rehabilitation
behavioral
training (%)

Discharge
patient

satisfaction (%)

The
accurate
number

of
persons

%

The
accurate
number

of
persons

%

The
accurate
number

of
persons

%

Qualified
number

of
persons

%

The
accurate
number

of
persons

%

Number
of

persons
satisfied

%

Pre-
implementation

360 333 92.50 332 92.22 339 94.17 341 94.72 335 93.06 342 95.00

Post-
implementation

360 346 96.11 336 93.33 353 98.06 352 97.78 348 96.59 352 97.78

χ2 4.37 0.33 7.28 4.66 4.82 3.99

P 0.04 0.57 0.01 0.03 0.03 0.04

Table 3: Senior charge nurses before and after implementation Comparison of orthopedic care quality sensitivity index values.

Group
Total

sampled
visits

Accuracy of
limb blood
circulation

assessment (%)

Accuracy of
neurological
function

assessment (%)

Accuracy of
pain assessment

(%)

Postural care
pass rate (%)

Accuracy of
rehabilitation
behavioral
training (%)

Satisfaction of
discharged
patients (%)

The
accurate
number

of
persons

%

The
accurate
number

of
persons

%

The
accurate
number

of
persons

%

Qualified
number

of
persons

%

The
accurate
number

of
persons

%

Satisfied
number

of
persons

%

Preimplementation 220 209 95.00 205 93.18 210 95.45 208 94.55 206 93.64 211 95.91

Postimplementation 220 218 99.09 207 94.09 218 99.09 217 98.64 217 98.64 217 98.64

χ2 5.07 0.15 4.2 4.42 4.46 2.14

P 0.02 0.7 0.04 0.04 0.04 0.14

Table 4: Comparison of orthopedic quality of care sensitivity index values for nursing team leaders and specialist nurses before and after
implementation.

Group
Total

sampled
visits

Accuracy of
limb blood
circulation

assessment (%)

Accuracy of
neurological
function

assessment (%)

Accuracy of
pain assessment

(%)

Postural care
pass rate (%)

Accuracy of
rehabilitation
behavioral
training (%)

Satisfaction of
discharged
patients (%)

The
accurate
number

of
persons

%

The
accurate
number

of
persons

%

The
accurate
number

of
persons

%

Qualified
number

of
persons

%

The
accurate
number

of
persons

%

Satisfied
number

of
persons

%

Preimplementation 190 182 95.79 184 96.84 179 94.21 181 95.26 180 94.74 186 97.89

Postimplementation 190 189 99.47 187 98.42 188 98.95 189 99.47 188 98.95 189 99.47

χ2 4.1 0.46 5.1 5.03 5.99 0.81

P 0.04 0.50 0.02 0.03 0.01 0.37

P < 0:05; when frequencies were less than 5, a continuity-corrected chi-square was used for testing.
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fixation complications in high-risk patients was 0.65%, the
incidence of deep vein thrombosis was 0.52%, and the inci-
dence of respiratory obstruction was 0.13%. In high-risk
patients, the incidence of deep vein thrombosis was 0.13%
and the incidence of respiratory obstruction was 0. The rea-
son for the analysis is as follows: Because of the relatively
stable nurse-to-patient ratio, the level of professional care
in the department is reflected in the difference between the
quality of the process and the outcome [21]. The evaluation
of the professional nursing level before implementation is
based on the overall professional level, from which it is
found that the quality level of a certain nurse at a certain
point in time is often fragmented and one-sided; after imple-
mentation, it can be comprehensive from individual nurses
to the entire nurse system, reflecting the level of professional
nursing [22]. Sensitive indicators of orthopaedic nursing
quality, such as the accuracy rate of limb blood circulation
assessment, the accuracy rate of neurological function
assessment, the qualified rate of posture nursing, and the
accuracy rate of rehabilitation behavior training, involve
the whole process of orthopaedic specialist nursing, and
have complex, diverse, and variable characteristics. There
were no statistically significant differences in the accuracy
of neurological assessments among nurse-managed patients
across the three levels of positions, indicating the challenges
of accurate neurological assessments and the lack of accurate
identification of high-risk patients with preexisting or poten-
tial neurological impairments by nurses. [23]. Preexisting
nerve injury usually occurs by cutting, pulling, and pinching;
underlying nerve injury usually occurs as a result of hema-
toma compression, displacement of internal fixation, and
complications of therapeutic procedures [24]. Nurses are
often unable to actively observe and predict conditions,
resulting in failed assessments. Thus, the goal of accurate
assessment can be achieved by actively seeking clues, inquir-
ing and making judgments, enhancing medical and nursing
communication, and familiarizing with the cause of injury,
surgery, and condition by responsible nurses [25]. The
results show that continuous quality monitoring based on
individual nurses can standardize nursing behavior and
improve nurse compliance, thereby improving efficiency
and quality [26]. To sum up, the value of sensitive indicators
of orthopaedic nursing quality has gradually increased from
primary and senior supervisor nurses to nursing team
leaders and specialist nurses, and the level of qualifications,
experience, knowledge, and skills has been continuously
improved. Match workload, patient condition and nursing
needs, and nurses’ specialist care level [27]. This will further
improve the quality of specialist care by ensuring that nurses
provide higher quality care for Charlinger and critically ill
patients.

Our study found that when comparing the process indi-
cators of nurse management at different levels with patient
discharge satisfaction outcomes, all patients except for the
accuracy of neurological function assessment and patient
satisfaction at discharge from nursing group leaders or spe-
cialist nurses in level 3 nursing management All indicators
were statistically different. The reasons for the analysis are
as follows: the assessment and management of nursing qual-

ity should be based on professional standards of nursing
[28]. Nursing professional standards are an important part
of the core competency training of nursing professions.
Research shows that the training and evaluation of core
competence of orthopaedic specialist nursing mainly
includes theoretical knowledge, professional lethality, and
comprehensive practical skills. The training mostly adopts
group lectures, operation demonstrations, business visits,
and difficult case discussions. This is training and assess-
ment implemented from the holistic level of the orthopaedic
education profession, which is a common clinical approach
[29–32]. With the development of holistic nursing, responsi-
ble nursing, high-quality nursing, and evidence-based nurs-
ing, as well as the arrival of the era of precision medicine,
the precise training of core competencies in specialist nurs-
ing is particularly urgent. The positioning of our precision
training is that the training needs of nurses come from the
evaluation of quality indicators. The quality inspectors mon-
itor individual nurses with the accurate implementation of
nursing professional standards as the yardstick. When the
quality deviates from the standard, they immediately super-
vise and repeat the training to realize the core ability of accu-
rate professional nursing. At the same time, the core
competitive training of precision specialist nursing develops
with the professional development. Nursing professional
standards and corresponding operating procedures should
be formulated and revised in a timely manner, professional
core skills should be improved, nurses should be clearly
instructed, and targeted training should be carried out
[33]. After the completion of the design of the valve blood
circulation observation ruler, the operation procedure of
the flap blood circulation assessment was revised in time.
After intensive training, the head nurse tested the nurse’s
mastery degree when assessing the accuracy of the limb
blood circulation assessment, and immediately found a
problem.

Based on individual nurses, this study implemented the
management of sensitive indicators of orthopaedic nursing
quality, and further explored the application value of sensi-
tive indicators of specialized nursing quality. Facts have
proved that both managers and individual nurses can accu-
rately find the weak links in nursing according to the
changes in the indicator data, thereby improving the profes-
sional nursing quality of individual nurses, thereby improv-
ing the overall professional nursing quality of the
department, and achieving refinement. This study was lim-
ited to the orthopaedic ward in our hospital, and future
research may include a multicenter study to further improve
the management of sensitive indicators of orthopaedic care
quality based on individual nurse practice.
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Background. The isolation of tigecycline-resistant Acinetobacter baumannii in recent years has brought great difficulties to clinical
prevention and treatment. Purpose. To explore the effect of efflux pump system and other resistance related gene mutations on
tigecycline resistance in Acinetobacter baumannii. Methods. Fluorescence quantitative PCR was used to detect the expression
levels of major efflux pump genes (adeB, adeJ, and adeG) in extensive drug-resistant Acinetobacter baumannii. The minimum
inhibitory concentration (MIC) of tigecycline was detected by the broth microdilution testing and efflux pump inhibition
experiment to assess the role of efflux pump in tigecycline resistance of Acinetobacter baumannii. Efflux pump regulatory genes
(adeR and adeS) and tigecycline resistance related genes (rpsJ, trm, and plsC) were amplified by PCR and sequenced. By
sequence alignment, tigecycline sensitive and tigecycline-insensitive Acinetobacter baumannii were compared with standard
strains to analyze the presence of mutations in these genes. Results. The relative expression of adeB in the tigecycline-
insensitive Acinetobacter baumannii was significantly higher than that in the tigecycline sensitive Acinetobacter baumannii
(114.70 (89.53-157.43) vs 86.12 (27.23-129.34), P = 0:025). When efflux pump inhibitor carbonyl cyanide 3-
chlorophenylhydrazone (CCCP) was added, the percentage of tigecycline-insensitive Acinetobacter baumannii with tigecycline
MIC decreased was significantly higher than that of tigecycline-sensitive Acinetobacter baumannii (10/13 (76.9%) vs 26/59
(44.1%)), P = 0:032); the relative expression of adeB in the MIC decreased group was significantly higher than that in the MIC
unchanged group (110.29 (63.62-147.15) vs 50.06 (26.10-122.59), P = 0:02); The relative expression levels of efflux pumps adeG
and adeJ did not increase significantly, and there was no significant difference between these groups. One adeR point mutation
(Gly232Ala) and eight adeS point mutations (Ala97Thr, Leu105Phe, Leu172Pro, Arg195Gln, Gln203Leu, Tyr303Phe,
Lys315Asn, Gly319Ser) were newly detected. Consistent mutations in trm and plsC genes were detected in both tigecycline-
insensitive and tigecycline-sensitive Acinetobacter baumannii, but no mutation in rpsJ gene was detected in them. Conclusion.
Tigecycline-insensitive Acinetobacter baumannii efflux pump adeABC overexpression was an important mechanism for
tigecycline resistance, and the mutations of efflux pump regulator genes (adeR and adeS) are responsible for adeABC
overexpression. The effect of trm, plsC, and rpsJ gene mutations on the development of tigecycline resistance in Acinetobacter
baumannii remains controversial.

1. Introduction

Acinetobacter baumannii (AB) is a nonmotile, oxidase-neg-
ative, nonfermenting sugar Gram-negative bacillus [1]. It is
highly environmentally adaptable and can survive up to 5
months on dry solid surfaces due to biological properties

such as low nutrient requirements, ability to survive in most
temperature and pH environments, high resistance to disin-
fectants, and ease of biofilm formation on nonliving surfaces
[2]. At the same time, its intrinsic resistance and its ability to
rapidly upregulate endogenous resistance mechanisms or
actively acquire exogenous resistance genes allow it to evolve
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relatively quickly into a multiresistant bacterium with resis-
tance to multiple antibiotics [3]. As a result, Acinetobacter
baumannii is widely present in health care settings and dif-
ficult to eradicate. Extensive drug-resistant Acinetobacter
baumannii (XDR AB) refers to insusceptibility to all classes
of antimicrobial drugs except colistin and tigecycline [4, 5],
and several studies have shown that drug-resistant Acineto-
bacter baumannii infections have been shown to have a high
mortality rate, especially for carbapenem-resistant Acineto-
bacter baumannii (CRAB) infections, which can range from
35% to 61% [6–11]. Tigecycline (TGC) is currently regarded
as an effective drug against CRAB or XDR-AB [12, 13], how-
ever, with the gradual application of tigecycline in clinical
practice, tigecycline resistant Acinetobacter baumannii also
emerged in recent years [14–16].

The mechanism of tigecycline resistance production by
Acinetobacter baumannii is a hot topic of current interest,
and existing studies suggest that overexpression of the efflux
pump system plays a major role in multidrug resistant bac-
teria [17–19]. Closely related to Acinetobacter baumannii
tigecycline is the RND family, which contains three major
systems: adeABC, adeFGH, and adeIJK [20]. However, the
degree of correlation between overexpression of each system
and tigecycline resistance levels may vary, and whether the
efflux pump system can play an important role in altering
tigecycline resistance levels in clinical strains in which mul-
tiple resistance mechanisms may coexist, which issues are
still controversial [21–23]. Meanwhile, it has been reported
that the variation of adeRS two-component system changed
the sensitivity of Acinetobacter baumannii to tigecycline by
regulating the expression of efflux pump system [24, 25].
Moreover, recent studies have identified mutations in tige-
cycline drug target genes or membrane permeability-
related genes in some strains without efflux pump overex-
pression, such as trm, plsC, and rpsJ genes [26–28], and the
prevalence of these resistance genes in clinical drug-
resistant strains has been less studied so far. Therefore, we
explored the role of the above mechanisms in tigecycline-
resistant Acinetobacter baumannii in our hospital.

2. Materials and Methods

2.1. Sources of Strains and Reagents. Seventy-two strains of
extensive drug-resistant Acinetobacter baumannii isolated
from the sputum of patients in the Third Affiliated Hospital
of Sun Yat-Sen University from April 2014 to September
2017 were collected for tigecycline resistance mechanism
study. The reagents used in our study were as follows: M-
H broth dry powder (MUELLER-HINTON BROTH);
OXOID, UK, carbonyl cyanide 3-chlorophenylhydrazone
(CCCP); Sigma-Aldrich, USA, tigecycline dry powder (stan-
dard); Dalian Meilun Biological, China, magnesium chloride
anhydrous; Shanghai Maclean, China, calcium chloride
anhydrous; Shanghai Maclean, China, diethyl pyrocarbonate
(DEPC); Sigma-Aldrich, USA, RNAiso Plus; TaKaRa,
Dalian, China, LightCycler 480 SYBR Green I Master;
Roche, Switzerland, Transcriptor cDNA Synth. Kit 1: Roche,
Switzerland, Isopropanol; Guangzhou Chemical Reagent
Factory, China, Chloroform; Guangzhou Chemical Reagent

Factory, China, Anhydrous Ethanol; Guangzhou Chemical
Reagent Factory, China, Dimethyl Sulfoxide (DMSO);
Guangzhou Chemical Reagent Factory, China; Lysozyme;
Sigma-Aldrich, USA; M-H Agarase; Sigma-Aldrich, USA.
Aldrich; M-H agar dry powder (MUELLER-HINTON
AGAR); OXOID, UK; 250 bp DNA Ladder (Dye Plus); and
Baobao Bioengineering (Dalian) Co.

2.2. Drug Susceptibility Test (Broth Microdilution Method)
and Efflux Pump Inhibition Test. The drug susceptibility test
adopts the broth microdilution method, referring to the M07-
A9 aerobic bacteria dilutionmethod antibacterial drug suscep-
tibility test standard (ninth edition) issued by the CLSI in the
United States in 2012 [29]. The efflux pump inhibition test is
the drug sensitivity test of TGC combined with CCCP efflux
pump inhibitor (10ug/ml). The breakpoint of tigecycline sen-
sitivity is based on the FDA standard: MIC≤2ug/ml is sensitive
and MIC≥8ug/ml is resistant. Escherichia coli ATCC25922
were used as the drug-susceptible quality control bacteria,
and Acinetobacter baumannii standard strain ATCC17978
was used as the control bacteria.

2.3. RNA Extraction and cDNA Synthesis. Extraction of bac-
terial total RNA was referred to the recommended steps of
TaKaRa’s RNAiso Plus (No. 9108/9109) and cDNA synthe-
sis (reverse transcription) was performed according to the
steps recommended by Transcriptor cDNA Synth. Kit 1
(No. 04 897 030 001).

2.4. Real-Time PCR. The standard strain of Acinetobacter
baumannii ATCC17978 was used the control strain, and
the mRNA expression of the rpoB reference gene of each tar-
get strain and the three efflux pump systems adeB, adeG, and
adeJ of the RND family were detected, and the relative
expression of these three efflux pump genes was calculated.
Specific steps were as follows:

Synthesis of primer sequences: The primer sequences of
target genes adeB, adeG, adeJ, and rpoB internal reference
genes are shown in Table 1, and the synthesis was commis-
sioned by BGI (Beijing Liuhe) Co.Ltd.

Reaction system and conditions: Follow the steps recom-
mended by LightCycler 480 SYBR Green I Master.

Result data processing: Both the amplification curve and
the dissolution curve were single-peak curves, indicating that

Table 1: Sequence list of fluorescent quantitative PCR primers.

Gene name Primer name Primer sequence(5′-3′)

rpoB
rpoB-F TCCGCACGTAAAGTAGGAAC

rpoB-R ATGCCGCCTGAAAAAGTAAC

adeB
adeB-F CTTGCATTTACGTGTGGTGT

adeB-R GCTTTTCTACTGCACCCAAA

adeG
adeG-F GTGTAGTGCCACTGGTTACT

adeG-R ATGTGGGCTAGCTAACGGC

adeJ
adeJ-F GGTCATTAATATCTTTGGC

adeJ-R GGTACGAATACCGCTGTCA

2 Computational and Mathematical Methods in Medicine
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the product amplification repeatability and specificity were
good, and the qualified test data was collected for calcula-
tion. mRNA relative expression ðREÞ = 2−△△Ct, where
△△Ct= (Ct Target-Ct rpoB) target strain-(Ct Target - Ct
rpoB) control strain.

2.5. Detection of Efflux Pump Regulator Gene adeRS and
Drug Resistance Related Genes plsC, Trm and rpsJ. Prepara-
tion of bacterial genomic DNA template is as follows: scrape
a ring of fresh monoclonal bacteria cultured on LB agar
medium overnight, resuspend in sterilized water, place in a
100°C water bath for 10min, and collect the supernatant
by centrifugation as the strain genomic DNA template.

Synthesis of primer sequences is as follows: the primer
sequences of regulatory genes adeR, adeS, and drug
resistance-related genes plsC, trm, and rpsJ are shown in
Table 2, and the synthesis was commissioned by BGI (Bei-
jing Liuhe) Co.Ltd.

The target gene amplification was performed in the
Applied Biosystems PCR system (Veriti Thermal Cycler)
with Golden DNA polymerase (Golden Easy PCR System
KT221, TIANGEN BIOTECH (BEIJING), China).

The amplification conditions of the regulated genes adeR
and adeS are shown as follows. The amplification conditions
included 35 cycles of amplification under the following con-
ditions: initial denaturation at 94°C for 5min, denaturation
at 94°C for 30 s, annealed at 54°C for 30 s, extend at 72°C
for 2min, and a final extension at 72°C for 5min.

The amplification conditions of drug resistance-related
genes plsC, trm, and rpsJ were shown as follows. Amplifica-
tion was carried out with the following thermal cycling con-
ditions: 5min at 94°C and 35 cycles of amplification
consisting of 30 s at 94°C, 30 s at 58/56/54°C (for plsC/trm/
rpsJ, respectively), and 1min at 72°C, with 5min at 72°C
for the final extension.

2.6. PCR Product Electrophoresis and Gel Imaging. Recovery,
purification, and sequencing of PCR products by electropho-
resis and gel cutting, BGI (Beijing Liuhe) Co., Ltd. was
entrusted to carry out electrophoresis, gel cutting, recovery,
and purification of PCR products, and the Sanger method
was used for two-way detection and splicing.

Gene sequence alignment submitted the spliced gene
sequence fragments to the PubMed website for BLAST
alignment and annotated the unknown sequence fragments.
Using the adeR, adeS, plsC, trm, and rpsJ genes in the com-
plete genome of Acinetobacter baumannii standard strain
ATCC17978 (NZ_CP018664.1) as the reference sequence,
Bioedit and SnapGene software were used to perform multi-
ple sequence alignment, translation, and mutation type of
each spliced sequence identification.

2.7. Statistical Methods. The database was established using
SPSS version 21.0 software package and statistical processing
was performed. Normally distributed measurement data
were described as mean± standard deviation (�x ± SD), and
comparisons were made using independent samples t-test;
nonnormally distributed measurement data were described
as median (25% quantile~75% quantile); and described and
compared using rank sum test. P < 0:05 difference was statis-
tically significant. Graphs were drawn using GraphPad
Prism 7.

3. Results

3.1. Drug Susceptibility Test and Efflux Pump Inhibition Test.
The distribution of tigecycline MIC of 72 extensive drug-
resistant Acinetobacter baumannii strains was shown in
Figure 1, and the range of MIC was distributed between
16-0.5 ug/ml. According to the FDA tigecycline susceptibil-
ity criteria (MIC≥8 ug/ml as resistant, MIC≤2 ug/ml as sen-
sitive), these Acinetobacter baumannii were divided into
two groups: tigecycline sensitive extensive drug-resistant
Acinetobacter baumannii (TS-XDR AB) group, which tige-
cycline MIC was less than or equal to 2 ug/ml, and tigecyc-
line insensitive extensive drug-resistant Acinetobacter
baumannii (TIS-XDR AB) group, which tigecycline MIC
was greater than 2ug/ml. Among them, there were 59 strains
(81.9%) in TS-XDR AB group and 13 strains (18.1%) in TIS-
XDR AB group. The number of MIC 2 and 1 strains was rel-
atively high, with 24 (33.3%) and 28 (38.9%) strains, respec-
tively. This part of the results showed that this TIS-XDR AB
accounted for only a small proportion of XDR AB, but they
could indeed be isolated from clinical patients, and even

Table 2: List of primer sequences for each target gene.

Gene name Primer name Primer sequence(5′-3′)

adeR
adeR-F GTTAAGGCAATAAAAAGTTGCTT

adeR-R TGGAGTAAGTGTGGAGAAATACG

adeS
adeS-F CTTGGTTAGGTTAGATATGGCATT

adeS-R GGCGTGGGATATAGGCTAGATAA

plsC
plsC-F CTAGGATCCTACCAGCCATTTGTTCGC

plsC-R TTGGTCGACCACGGTGATATTTCGTTTGC

trm
Trm-F AAGGATCCACTTTATATGAGTCACC

Trm-R ATAACTGGATCCATCCACTCACCTT

rpsJ
rpsJ-F ACCCAAAGCGATCTGAACATCAACAC

rpsJ-R ATGTCTAACCAGAGAATTCGTATCCGTCTTAAGTC
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individual TIS-XDR AB developed high levels of resistance
to tigecycline.

When the efflux pump inhibitor CCCP was added, the
statistics of the MIC decreased of tigecycline in Acinetobac-
ter baumannii were shown in Table 3 and Figure 2. Among
them, the tigecycline MIC of 36 strains decreased by 2-8
times, accounting for 50%, 26 strains (44.1%) were TS-
XDR AB, and 10 strains (76.9%) were TIS-XDR AB. The
proportion of TIS-XDR AB with tigecycline MIC decreased
was higher than that in TS-XDR AB group, which was statis-
tically significant (P = 0:032). That is, the tigecycline MIC
decreased of the TIS-XDR AB group was inhibited by the
efflux pump was significantly higher than the TS-XDR AB
group. The tigecycline MIC decreased by more than 2 times,
which significantly affected by CCCP, including 6 strains,
accounting for about 8.3%, of which 4 strains were TIS-
XDR AB, and 2 strains were TIS-XDR AB. This part of the
results showed that efflux pump inhibitors play a more
important role in reducing tigecycline sensitivity in TIS-
XDR AB than in TS-XDR AB.

3.2. Analysis of the Relative Expression of Efflux Pump System
Detected by Real-Time Quantitative PCR. The relative
expression (RE) of three main efflux pump genes was differ-
ent between the TS-XDR AB group and the TIS-XDR AB
group. Statistical analysis, the results are shown in Figure 3.

There is a significant difference in the relative expression
of adeB gene between these two groups (P = 0:025). The rel-
ative expression of adeB in the TIS-XDR AB group is signif-
icantly higher than that in the TS-XDR AB group. However,
there was no significant difference in the relative expression
of adeG and adeJ genes between these two groups. This part
of the results showed that adeB was significantly overex-
pressed in TIS-XDR AB compared with TS-XDR AB.

3.3. Analysis of the Relationship between the Relative
Expression of the Efflux Pump System and the Decrease in
Tigecycline Sensitivity. Grouping according to the efflux
pump inhibition experiment, the RE of three major efflux
pump genes was statistically analyzed between the tigecyc-

line MIC decreased group and the tigecycline MIC no chan-
ged group, and the results were shown in Figure 4.

It can be seen that there was a significant difference in
the RE of adeB gene between these two groups; that is, the
RE of adeB in the tigecycline MIC decreased group is signif-
icantly higher than that in the tigecycline MIC no changed
group. However, there was no significant difference in the
RE of adeG and adeJ genes between these two groups. This
part of the results showed that the overexpression of adeB
was closely related to the reduction of tigecycline resistance
in XDR AB by efflux pump inhibitors.

3.4. Amplification and Sequence Alignment of Efflux Pump
Regulator Genes adeR and adeS and Drug Resistance-Related
Genes plsC, Trm and rpsJ. The efflux pump regulation genes
(adeR and adeS) and tigecycline resistance related genes (plsC,
trm, and rpsJ) of 13 tigecycline insensitive extensive drug-
resistant Acinetobacter baumannii were detected, and 4 tige-
cycline sensitive extensive drug-resistant Acinetobacter bau-
mannii were used as controls. The tigecycline MIC of these
Acinetobacter baumannii were shown in Tables 4.

The expected amplified fragments of adeR and adeS
genes are about 800 bp and 1200 bp, and most strains can
amplify the corresponding specific target fragments. The
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Figure 2: Distribution of fold change in tigecycline MIC of
Acinetobacter baumannii altered by CCCP (carbonyl cyanide 3-
chlorophenylhydrazone).

Table 3: TGC MIC decreased of Acinetobacter baumannii altered
by CCCP.

XDR
AB

TS-XDR
AB

TIS-XDR
AB

P

Total number 72 59 13

Number of TGC
MIC decreased

36 26 10(76.9%)

Rate of TGC MIC
decreased

50% 44.1% 76.9% 0.032∗
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Figure 1: Distribution of tigecycline (TGC) MIC of 72 extensive
drug-resistant Acinetobacter baumannii strains.
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electropherogram of some strains were shown in Figure 5.
Among them, the target fragments of the adeS gene ampli-
fied by the four strains 587, 576, 579, and 594 were signifi-
cantly larger than expected, and the bands were about
2500 bp in Figure 5(b), suggesting that these genes may have
inserted sequences.

The expected amplified fragments of plsC, trm, and rpsJ
genes are about 1400 bp, 1200 bp, and 300 bp, and each
strain can amplify the corresponding specific purpose frag-
ment, the electropherogram of PCR products of some strains
were shown in Figure 6.

These 17 extensive drug-resistant Acinetobacter bau-
mannii have detected mutations in adeR and adeS genes,
including substitution, insertion mutation, and deletion

mutations. The nonsynonymous mutations of each strain
were shown in Table 5. It can be seen in the table that there
were 5-6 missense mutations in the adeS gene of each strain,
but only 2-3 missense mutations in adeR. Among them, the
adeR of 511S, 576, and 594 strains had single-base insertions
at different sites (Insert652A, Insert718G, Insert32C) result-
ing in nonsense mutation which is the early appearance of
termination codons (229 Stop, 246 Stop, 13 Stop). The trans-
lationally synthesized peptide chain was shortened. In addi-
tion, the insertion sequence ISAba1 appeared at the 3′ end of
the adeS of strains 576, 579, 587, and 594, which would affect
the transcription of downstream genes. This part of the
results showed that several nonsynonymous mutations were
detected in adeR and adeS genes.
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Figure 4: Relative expressions (RE) of efflux pump genes (adeB,
adeG, and adeJ) of Acinetobacter baumannii. MIC decreased: the
tigecycline MIC decreased group; MIC NC: the tigecycline MIC
no changed group.
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Figure 3: Relative expressions (RE) of efflux pump genes (adeB,
adeG, and adeJ) of Acinetobacter baumannii. TIS-XDR AB:
tigecycline insensitive extensive drug-resistant Acinetobacter
baumannii; TS-XDR AB: tigecycline sensitive extensive drug-
resistant Acinetobacter baumannii.
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These 17 extensive drug-resistant Acinetobacter bauman-
niiwere found to contain mutations in plsC, trm genes, includ-
ing substitution, insertion mutation, and deletion mutation.
The nonsynonymous mutations of each strain were shown
in Table 5. No mutation was found in the rpsJ. There was a
missense mutation (CAA592AAA) and a terminator codon
mutation (TAA925AAA) in the plsC gene. There were inser-
tions or deletions bases at different sites (Insert29A, Dele-
tion51A, Deletion267A) in the trm gene, resulting in
nonsense mutation which is the early appearance of termina-
tion codons (16 Stop, 37 Stop, 92 Stop), and the peptide chain
synthesized by translation of the gene was shortened. This part
of the results showed that nonsynonymous mutations were
detected in both plsC and trm but not in rpsJ.

4. Discussion

The efflux pump mechanism is an important mechanism for
the resistance of Acinetobacter baumannii tigecycline. The

RND family is the first reported and widely recognized efflux
pump family, including AdeABC, AdeFGH, and AdeIJK.
Among them, overexpression of adeABC efflux pump system
plays the largest role in drug resistance [30–32]. Efflux pump
inhibitors restore sensitivity to the drug by inhibiting the
active efflux of the Acinetobacter baumannii efflux pump.

In this study, the relative expression levels of themultidrug
transporter genes adeB, adeG, and adeJ in the efflux pump sys-
tems adeABC, adeFGH, and adeIJK of 72 XDR-Aba strains
were detected, and it was found that the relative expression
levels of adeB were significantly increased. Moreover, the rela-
tive expression of TIS group was significantly higher than that
of TS-XDR group, suggesting that overexpression of adeB was
closely related to tigecycline resistance in Acinetobacter bau-
mannii, and overexpression of adeB was the main factor
reducing the sensitivity of tigecycline in Acinetobacter bau-
mannii. While the relative expression of adeG and adeJ did
not increase significantly, and there was no significant differ-
ence between the two groups, suggesting that the expression

M
4500 bp

2250 bp

1000 bp
750 bp

←
2 3 41 5 6 7 8 9

←

←
←

(a)

M 2 3 4 5 6 7 81 
4500 →

2250

1500 →
→1000

→

(b)

Figure 5: Electropherogram of efflux pump regulation genes adeR and adeS of Acinetobacter baumannii ((a) adeR gene, 1-9 were 583, 587,
588, 594, 576, 579, 590S, 591, ATCC17978; (b) adeS gene, 1-9 were 583, 587, 588, 594, 576, 579, 590S, 591, respectively, of which 587, 594,
576, 579 target fragments were about 2500 bp, larger than expected fragments, suggesting that there may be an insertion sequence.).

Table 4: TGC MIC of 17 extensive drug-resistant Acinetobacter baumannii.

Strain number 498 502 507 511R 517 528 579 583 587 588 591 594

TGC MIC (μg/ml) 4 4 4 16 8 8 8 8 4 4 4 4

Strain number 511S 524 576 590S

TGC MIC (μg/ml) 0.5 1 1 0.25
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of these two efflux pump systems is not closely related to the
tigecycline resistance of Acinetobacter baumannii, and their
overexpression is not a cause of reduced tigecycline suscepti-
bility in Acinetobacter baumannii. These results are consistent
with other reports [21, 33, 34].

The efflux pump inhibition test also confirmed the above
inference that after the addition of CCCP, the relative
expression of adeB in the tigecycline MIC decreased group
is significantly higher than that in the tigecycline MIC no
changed group, suggesting that overexpression of adeB is
closely related to the decreased tigecycline sensitivity
induced by the inhibition of efflux pump, and overexpres-
sion of adeB is the main factor that efflux pump inhibitors
reduce the tigecycline sensitivity of clinical Acinetobacter
baumannii. While the relative expression of adeG and adeJ
did not increase significantly, and there was no significant
difference between the two groups, suggesting that the
expression of these two efflux pump systems is not closely
related to the decrease of tigecycline sensitivity due to the
inhibition of efflux pumps, and their overexpression is not
the reason that efflux pump inhibitors reduce tigecycline
sensitivity in Acinetobacter baumannii. 50% (36 strains) of
the strains showed a 2-8 fold decrease in MIC, suggesting
that the active efflux of the efflux pump can increase the tige-
cycline MIC of most strains. However, only 8.3% (6 strains)
of the strains had a greater than 2-fold decrease in MIC, of
which 4 were non-susceptible strains, and the proportion
of non-susceptible strains was 30.8% (4/13 strains), suggest-
ing that the role of the efflux pump in affecting tigecycline

MIC is limited. It is possible that multiple resistance mecha-
nisms may combine to influence the sensitivity of tigecyc-
line. In conclusion, although the efflux pump mechanism
may play a limited role, the efflux pump system adeABC
was widely present in Acinetobacter baumannii [35, 36],
which is a fundamental factor for increasing the level of tige-
cycline resistance, and is even more critical in the resistance
mechanism of a small number of strains.

Overexpression of the adeABC efflux pump system is
regulated by the two-component regulatory gene adeRS,
and mutations in either the adeR or adeS genes may lead
to adeABC expression [37–39]. adeB expression was signifi-
cantly increased in all 13 tigecycline-insensitive strains, and
detection of adeR and adeS genes in these strains revealed
by comparison that they had 2-7 nonsynonymous muta-
tions. The adeS gene was more prone to mutations than
the adeR gene, a phenomenon in agreement with the studies
of Montana S et al. [40] and Hammerstrom Troy G et al.
[41], suggesting that adeS has a higher degree of genetic var-
iation and plays a more active role in the regulation of
adeABC overexpression. Four nonsynonymous point muta-
tions (Val120Ile, Ala136Val, Gly232Ala, Asp20Asn) and
one insertional mutation (Insert32C) were found in adeR
gene, and 12 nonsynonymous point mutations (Ala94Val,
Ala97Thr, Leu105Phe, Leu172Pro, Gly186Val Arg195Gln,
Gln203Leu, Asn268His, Tyr303Phe, Lys315Asn, Gly319Ser,
Val348Ile) and one insertional mutation (ISAba1 inserted
at the end of adeS) were found in adeS gene. In addition to
three adeR point mutations (Val120Ile, Ala136Val,

4500 bp
2250 bp
1500 bp
1000 bp

(a)

4500 bp

2250 bp

1500 bp

1000 bp

(b)

400 bp
300 bp
200 bp

100 bp

(c)

Figure 6: Electropherogram of tigecycline resistance-related genes plsC, trm, and rpsJ in Acinetobacter baumannii ((a) plsC gene, 1-5
were511R, 528, 579, 591, ATCC17978; (b) trm gene, 1-4 were498, 502, 507, 512, respectively; (c) rpsJ gene, 1-10 were 498, 502, 507, 512,
517, 536, 583, 587, 588, 594, respectively).
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Asp20Asn) and four adeS point mutations (Ala94Val,
Gly186Val, Asn268His, Val348Ile) and the insertion of
ISAba1 mutation in adeS were reported to be associated with
adeABC overexpression in previous studies [21, 36, 42, 43];
the remaining one adeR point mutation (Gly232Ala) and
eight adeS point mutations (Ala97Thr, Leu105Phe, Leu172-
Pro, Arg195Gln, Gln203Leu, Tyr303Phe, Lys315Asn,
Gly319Ser) were newly detected in this study, and these
mutations may lead to elevated expression of adeABC, but
their specific effects remain to be experimentally verified.
In addition to the efflux pump mechanism, some studies in
recent years have also reported that mutations in the trm,
rpsJ and plsC genes lead to increased tigecycline resistance
[26–28]. Therefore, this study detected the sequences of
these genes in 13 tigecycline-insensitive strains and 4
tigecycline-sensitive strains, to understand the resistance
mechanism of tigecycline-insensitive Acinetobacter bauman-
nii in our hospital. Trm gene detection found that 17 strains
all had single base deletions or insertions (Insert29A, Dele-
tion51A, Deletion267A) at different sites, resulting in non-
sense mutation which is the early appearance of stop
codons (16 Stop, 37 Stop, 92 Stop) and shortened synthesis.
However, 4 of them were tigecycline-sensitive strains with
MICs ranging from 0.25 to 1 ug/ml, so it was speculated that
trm deletion could not significantly improve the resistance of
Acinetobacter baumannii to tigecycline. This result is differ-
ent from previous reports that the study compared the whole
gene sequence of the tigecycline-insensitive mutant strain
and its parental strain by genome sequencing, and found
that the trm deletion mutation was the only difference
between the two. It is speculated that the trm gene deletion
leads to the decrease of tigecycline sensitivity. Chen Q
et al. [27] also found a 35 bp nucleotide deletion in the trm
gene of the drug-resistant mutant strain by genome sequenc-
ing. The wild-type trm gene complementation experiment
restored the mutant strain’s sensitivity to tigecycline, con-
firming that the trm gene mutation is one of the mechanisms
of tigecycline resistance in Acinetobacter baumannii. Based
on the above findings, we believe that trm gene deletion
leads to tigecycline resistance is still controversial, and more
studies are needed to clarify. plsC gene detection found that
non-synonymous point mutations (Gln198Lys) and termi-
nator codon mutations (Stop309Lys) were also present in
tigecycline-sensitive Acinetobacter baumannii, suggesting
that these mutations could not lead to tigecycline resistance.
Although the study by Li X et al. [28] confirmed that the
frameshift mutation of the plsC gene caused the synthetic
shortened peptide chain leading to tigecycline resistance,
this study did not detect the plsC gene deletion mutation.
Therefore, the plsC gene deletion mutation is not the cause
of the tigecycline resistance in Acinetobacter baumannii in
our hospital. The rpsJ gene detection found that 13 strains
did not find any mutation points, indicating that the gene
is not related to tigecycline resistance in these strains.

In summary, our study revealed that the expression of
adeABC efflux pump in extensive drug-resistant Acinetobac-
ter baumannii was significantly increased, and the increase
was more significant in tigecycline insensitive strains. The
overexpression of adeABC was closely related to tigecycline

resistance, and the mechanism of efflux pump was the cause
of tigecycline resistance. It is a common and important
mechanism, but only this mechanism has a limited impact,
and most strains may have multiple resistance mechanisms
that eventually lead to an increase of tigecycline resistance.
AdeABC overexpression is the result of adeRS gene muta-
tion, 1 adeR and 8 adeS point mutations have not been
reported in previous studies, and the relationship between
these mutant genes and adeABC overexpression remains to
be explored. trm, plsC, and rpsJ genes have nothing to do
with the resistance of Acinetobacter baumannii tigecycline
in our hospital. The effect of trm, plsC, and rpsJ gene muta-
tions on the development of tigecycline resistance in Acine-
tobacter baumannii remains unclear. Besides the pump
mechanism, there might be other resistance mechanisms.
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Background. Transcriptional dysregulation plays a critical role in the onset and development of malignant tumors. Employing
gene dysregulation to forecast the change of tumors is valuable for cancer diagnosis. However, the prognostic prediction for
HCC using combined gene models remains insufficient. Methods. The expression profiles of GSE103512 and TCGA-LIHC
were downloaded. Gene Ontology (Go) was used to evaluate the overlapping differential genes (DEG) in TCGA and
GSE103512. The core genes in the critical module most significantly related to HCC were obtained by WGCNA. Eight genes
most significantly related to HCC and OS were identified by reweighted coexpression network analysis and Cox regression.
Results. We selected eight genes, FZEB1, CDK1, RAD54L, COL1A2, ATP1B3, CASP8, USP39, and HOXB7. Moreover, we
constructed an eight-gene model and forecasted the prognosis of HCC. ROC curve of the eight-mRNA prognostic model was
screened out (AUC = 0:635), suggesting that this model exhibited a good prediction performance. Survival analysis showed that
the survival rate of patients in the high-risk group was significantly lower than that in the low-risk group. Conclusion. The
eight-mRNAs model might forecast the OS of HCC patients and advance remedial decision-making.

1. Introduction

Hepatocellular carcinoma (HCC) is the world’s fifth most
common malignant tumor, with more than 700000 new can-
cer cases worldwide every year [1, 2]. Although the primary
prevention strategy, early screening and diagnosis, and more
advanced treatment technologies have been applied, the
overall incidence rate and mortality of HCC continue to rise
[3]. The occurrence and development of HCC are regulated
by multiple mechanisms and participated by multiple mole-
cules [4, 5]. Despite the advancement of diagnostic and
medicinal approaches, the forecast of HCC is relatively poor
due to the elevated recurrence ratio [6]. Therefore, it is
urgent to identify prognostic biomarkers, observe high-risk
patients with poor prognoses, and prevent a recurrence.

With the rapid development of genomics, such as genes,
proteins, metabolism, and in-depth research on tumor biol-
ogy, hundreds of biomarkers with prognostic value have
been identified [7]. There is an urgent need to analyze prog-
nostic markers of hepatocellular carcinoma to guide clinical
treatment strategies. Gene interaction networks provide the

possibility of systematic analysis [8]. Previous studies have
shown that gene interaction networks might be used to
explore the potential internal relationship between func-
tional gene clusters (functional modules) and prognostic fac-
tors [9]. The gene coexpression network could be
constructed by weighted gene coexpression network analysis
(WGCNA). The key modules might be used to explore
tumor mechanisms, predict the survival rate of patients,
and establish new diagnostic or therapeutic diagnostic strat-
egies [10, 11]. WGCNA provides a functional interpretation
tool for systems biology and has been applied in breast can-
cer, endometrial cancer, and other tumors [12].

To improve the accuracy of prognostic markers, a coex-
pression network was constructed with the integration of the
protein interaction (PPI) data. In addition, it is well estab-
lished that crucial genes have essential functions in disease
development and tend to show consistent expression varia-
tions in patients. Therefore, selecting crucial genes as predic-
tors to build a prognosis model could enhance the stability
of the model and improve the biological correlation between
the identified genes and disease.
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2. Methods

2.1. Data Collection. The research data of patients are down-
loaded from the Cancer Genome Atlas (TCGA) liver hepato-
cellular carcinoma (LIHC) cohort and gene expression
omnibus (GEO) GSE103512 dataset, which contains experi-
mental and clinical data. The transcriptome sequencing data
and clinical information of HCC patients were downloaded
from this database, and the encoded gene expression was
normalized.

2.2. Screening of Differentially Expressed Genes. R Studio was
used to screen the differentially expressed genes (DEGs) with
the “edger” package. The heat map was drawn for the DEGs.
The false discovery rate (FDR) value of each gene was calcu-
lated by the BH method, and the fold change (FC) of gene

expression level in HCC and adjacent tissues was calculated.
The screening criteria are as follows: FDR < 0:05 and ∣ log2

FC ∣ >1. log2FC > 1 indicated that the gene expression was
upregulated, and log2FC < −1 indicated that the expression
was downregulated.

2.3. Screening of Prognosis-Related Genes. Cox regression
analysis screened genes related to overall survival (OS). For
each gene, according to its expression value, the patients
were divided into a high-expression group and a low-
expression group for univariate regression analysis. The
regression analysis was carried out by R software, and P <
0:05 was considered statistically significant.

2.4. Identification of the HCC Modules. The “WGCNA”
package in R Studio was used to identify the modules. The
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Figure 1: (a) A heat map showed the DEGs from the GSE103512 dataset. (b) A heat map showed the DEGs from the TCGA. (c) A Venn diagram
showed the common DEGs by the intersection of TCGA and GSE103512. A total of 83 upregulated and 76 downregulated were identified.
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“goodsamplegenes()” function was used to check whether
there were abnormal genes in the data and selected an
appropriate threshold to eliminate outliers. Draw a gene fea-

ture heat clustering diagram, and complete the construction
of the coexpression network and the selection of modules.
Choose the β value to calculate the adjacency matrix.
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Figure 2: (a) The power value for the contiguity matrix in WGCNA. (b) The cluster dendrogram of mRNAs in GSE103512. (c) The
association between modules and the clinical characters. (d) The scatter diagram of GS and MM in the green yellow module showed the
correlation between OS genes.
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Construct a clustering tree to select modules, set the mini-
mum capacity and cutting height of modules, and merge
modules with high similarity. The prognosis module is iden-
tified by associating the module data with the characteristic
clinical data. Scatter plots of gene significance (GS) and
module membership (mm) were drawn in the prognosis
module to clarify the importance of genes in the module.

2.5. Constructing PPI Network and Screening Hub Gene. The
String database (http://string-db.org/) was used to build the
PPI network. Input the filtered DEGs into the String data-
base, and construct the PPI network matched with the
total score > 0:3. The connectivity of protein nodes was cal-
culated using the Cytohubba plug-in. Genes with high con-
nectivity were regarded as hub genes.

2.6. Construction of Coexpression Network of Prognostic
Genes. The weighted gene coexpression network analysis
method is used to construct the HCC prognosis network.
According to the topological overlap matrix, hierarchical
clustering divides the network and identifies the modules
in the network. The Benjamin-Hochberg method is used to
correct the correlation coefficient P value of gene pairs in
the module, and the gene pairs with P < 0:05 are selected
to construct the module network.

2.7. Construction and Evaluation of the Eight-mRNA
Prognostic Model. The “glmnet()” package in R Studio was
used to construct and evaluate the eight-mRNA prognostic
model. Draw the ROC curve of the model, and calculate
the AUC to evaluate the prediction efficiency of the model.
The high- and low-risk groups of HCC prognosis were
divided by the median of the model risk score. The survival
curve of the model was drawn by the Kaplan Meier method,
and a log-rank test tested the survival difference to evaluate
the ability of the model to distinguish the high and low risk
of gastric cancer prognosis. If P < 0:05, the difference is sta-
tistically significant.

3. Results

3.1. Identification of DEGs. A total of 89 normal hepatic
samples and 101 HCC samples were identified from the
GSE103512 dataset. We obtained 197 downregulated DEGs
and 200 upregulated DEGs in the GSE103512 dataset
(Figure 1(a)). Furthermore, 1856 downregulated DEGs and
1642 upregulated DEGs were obtained from the TCGA data-
set (Figure 1(b)). A total of 177 upregulated and 196 down-
regulated common DEGs were identified by the intersection
of the two datasets (Figure 1(c)).

3.2. Identification of the Critical Module by WGCNA.
Employing the WGCNA, the common DEGs were assessed
for coexpression network analysis. The power of β = 6 and
scale-free R2 = 0:89 were chosen to construct a clustering
tree, and a total of 13 modules were identified ultimately
(Figure 2(a)). As shown in Figure 2(b), the ME of the green
yellow module was the most significant gene module among
the 13 modules. Furthermore, the ME in the green yellow
module exhibited an advanced connection to overall survival

than other modules (Figure 2(c)). The scatter diagram of GS
and MM in the green yellow module suggested that the
genes in the green yellow module were highly correlated
with the overall survival (Figure 2(d), P < 0:05). Conse-
quently, we selected this green yellow module as the key
module for further investigation.

3.3. Construction of PPI Network. For the green yellow
module, the protein interaction data of module genes are
used for reweighting. The PPI network containing 754
module genes was constructed using the String database.
We obtained the reweighted coexpression network for
the prognosis module, which contained 78 nodes and
503 edges. We next analyzed the topological characteristics
of the reweighted module network and observed that the
reweighted coexpression network could be defined as the
small world network. Its small world index is 2.033. The
genes with a weight greater than 0.3 in the reweighted
coexpression network were selected, and the weight net-
work diagram was depicted using Cytoscape software
(Figure 3).

3.4. Go Enrichment Analysis. We performed the Go enrich-
ment to obtain the enriched Go terms involved in the re-
weighted coexpression network. A total of 843 enriched Go
terms were identified with FDR < 0:05. The FDR value less
than 1 × 10−10 in the biological process is shown in
Table 1. As shown in Table 1, the DEGs in the reweighted
coexpression network were enriched in the ER-associated
ubiquitin-dependent protein catabolic process, regulation
of cell proliferation, endoplasmic reticulum lumen, and reg-
ulation of apoptotic process pathways.

3.5. Eight Genes Correlated with the OS of HCC Patients.
Next, we calculate the score of each gene in the reweighted
coexpression network and rank the genes according to the

Figure 3: The PPI network was constructed for the green yellow
module.
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score. The top eight genes with the highest scores were
selected to test their prediction performance. Among the
top eight genes, four (USP39, ATP1B3, CASP8, and
RAD54L) have been validated to play crucial roles in the
progression of HCC and are closely related to the prognosis
of HCC. According to the score ranking, a prognostic model
was established for the top eight candidate prognostic
markers. The prognostic model was constructed by a linear
combination of the expression values of these eight prognos-
tic biomarkers and the regression coefficients obtained from
Cox regression analysis (Table 2).

Riskscore = −0:145894 × ECSTF2ð Þ + −0:43876 × ECDK1ð Þ
+ −0:14688 + ERAD54Lð Þ + −0:125743 + ECOL1A2ð Þ
+ −0:325682 × EATP1B3ð Þ + −0:35801 × ECASP8ð Þ
+ −0:6859 × EUSP39ð Þ + −0:259056 × EHOXB7ð Þ:

ð1Þ

3.6. Evaluation of the Eight-mRNA Prognostic Model. The
ROC curve of the eight-mRNA prognostic model was
screened out (AUC = 0:635), suggesting that this model
exhibited an excellent prediction performance (Figure 4).
Survival analysis showed that the survival rate of patients
in the high-risk group was significantly lower than that in
the low-risk group (log-rank = 0:0055, Figure 5).

4. Discussion

HCC is one of the malignant tumors with a high mortality
rate in China [13]. Although significant progress has been
made in immunotherapy and targeted therapy, the progno-
sis of patients with advanced HCC is still poor [14]. Bioin-
formatics analysis could identify the abnormally expressed
genes under pathological conditions and assist in selecting
novel and more accurate diagnostic and prognostic bio-
markers [15]. Based on the application and development of
computer technology and artificial intelligence in medical
biology, bioinformatics analysis has become necessary for
studying molecular markers related to disease phenotype
[16]. In this study, we analyzed biological information to
identify eight mRNAs correlated with the OS of HCC
patients and establish a survival prognosis risk scoring
model. The ROC curve of the eight-mRNA prognostic
model exhibited an excellent prediction performance of
HCC outcome. Kaplan Meier analysis showed that the sur-
vival time of patients in the high-risk group was lower than
that of patients in the low-risk group.

As an advanced algorithm in bioinformatics analysis,
weighted gene coexpression network analysis makes the cal-
culation results more accurate by establishing a scale-free

Table 1: Go enrichment analysis for reweighted coexpression network.

GO:0000152~nuclear ubiquitin ligase complex Number of alleles FDR

GO:0043231~intracellular membrane-bounded organelle 35 2:93E − 13

GO:0010008~endosome membrane 46 2:95E − 12

GO:0019898~extrinsic component of membrane 37 1:45E − 16

GO:0042405~nuclear inclusion body 59 3:49E − 12

GO:0005740~mitochondrial envelope 27 3:97E − 12

GO:0016020~membrane 44 6:21E − 12

GO:0005788~endoplasmic reticulum lumen 61 6:35E − 14

GO:0000800~lateral element 53 3:03E − 24

GO:0051092~positive regulation of NF-kappaB transcription factor activity 23 2:77E − 11

GO:0043123~positive regulation of I-kappaB kinase/NF-kappaB signaling 35 4:42E − 12

GO:0045922~negative regulation of the fatty acid metabolic process 41 1:45E − 12

GO:0042981~regulation of apoptotic process 55 5:22E − 14

GO:0042127~regulation of cell proliferation 76 6:58E − 11

GO:0030433~ER-associated ubiquitin-dependent protein catabolic process 80 4:48E − 13

GO:0008152~metabolic process 25 5:33E − 14

GO:0010803~regulation of tumor necrosis factor-mediated signaling pathway 54 4:32E − 14

GO:0008625~extrinsic apoptotic signaling pathway via death domain receptors 37 2:47E − 13

GO:0097190~apoptotic signaling pathway 55 3:88E − 13

Table 2: The eight prognostic genes and their prognostic model.

HR 95% CI logrank P Cox P AUC

ZEB1 0.86 0.74~0.95 0.022 0.043 0.69

CDK1 0.67 0.47~0.81 0.013 0.002 0.65

RAD54L 0.77 0.62~0.94 0.004 0.013 0.66

COL1A2 0.88 0.70~0.92 0.035 0.008 0.68

ATP1B3 0.79 0.53~0.68 0.001 0.016 0.65

CASP8 0.65 0.79~0.97 0.047 0.009 0.64

USP39 0.72 0.86~0.88 0.007 0.037 0.68

HOXB7 0.81 0.84~0.94 0.035 0.020 0.69
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network and has been widely used in the study of tumor sub-
types and prognostic markers [17]. This study constructed a
coexpression network of HCC prognostic genes and identi-
fied the network modules. The prognostic module was
reweighted using the PPI network data of module genes.
The small world index of our reweighted module network
obtained is 2.033, which is in line with the characteristics
of a small world network. These findings suggested that the
nodes in our reweighted module network were highly
clustered.

Next, we analyzed the highly clustered nodes in the
reweighted module network and identified the topological
importance of nodes by scoring. We selected eight genes cor-
related with the OS of HCC patients with the highest scores.
Among the top eight genes with the highest scores, USP39,
ATP1B3, AHSA1, and RAD54L have essential functions in
HCC cell proliferation and tumor growth, indicating that
topologically essential genes play critical roles in HCC fore-
casting. Zinc-finger E-box-binding homeobox 1 (ZEB1) is a
critical inducer of epithelial-to-mesenchymal transition
(EMT) to stimulate cancer progression. However, the effect
of ZEB1 on HCC development remains insufficient [18,
19]. Caspase 8 (CASP8) is an essential protease in the apo-
ptosis pathway of the death receptor [20]. After being
recruited and activated by death signals, CASP8 might acti-
vate its downstream effector protease to induce apoptosis.
The role of CASP 8 is, however, unclear.

In brief, this study integrated microarray data from GEO
and TCGA to identify critical genes. WGCNA combined

Cox regression analysis was used to screen out genes of
HCC prognosis. Eight critical genes related to the pathogen-
esis and progression of HCC were identified. These genes
might play crucial roles in the cell cycle and abnormal
behavior of HCC, indicating that these genes have great
potential in the treatment and prognosis of HCC. In addi-
tion, we performed survival analysis and established a Cox
proportional hazards model to identify prognostic biomark-
ers. A genetic marker of 8 genes was constructed to predict
the overall survival rate. These results will provide a refer-
ence for a further study of the pathogenesis and drug treat-
ment of HCC.
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Endometriosis (EMs) is a benign disease with the characteristics of invasion and migration, and its pathogenesis is related to
hypoxia. The abnormal activation of glioma-associated oncogene homolog 1 (GLI1) plays an important role in the metastasis
of multiple types of tumors. However, it is not clear whether GLI1 regulates the migration and invasion of endometrial stromal
cells under hypoxic condition. Therefore, we use comprehensive analysis to explore the effects of hypoxic on GLI1 expression
and their regulation on the pathogenesis of EMs. In this study, from immunohistochemistry, RT-qPCR, and western blot
analysis, we discovered that the expression of hypoxia-induced factor-1α (HIF-1α) and GLI1 was significantly increased in
eutopic and ectopic endometrium of patients with EMs. In human primary eutopic endometrial stromal cells (ESCs), hypoxia
can increase the expression of HIF-1α and GLI1 in a time-dependent manner. And hypoxia could promote GLI1 expression in
a HIF-1α-dependent manner. Moreover, data from transwell assays manifested that the migration and invasion ability of ESCs
was significantly enhanced under hypoxia, and this effect could be reversed by silencing GLI1. Furthermore, the expression of
MMP2 and MMP9 was also increased under hypoxia, while silencing GLI1 could reverse this event. In summary, our research
verified that GLI1, which activated by hypoxia, may contribute to the migration and invasion of ESCs through the
upregulation of MMP2 and MMP9 and can be a novel therapeutic target in EMs.

1. Introduction

Endometriosis (EMs) is defined as the presence of endome-
trial tissue (glandular epithelium or stromal cells) outside
the uterine cavity, concurrent adhesion, invasion, and
growth. According to statistics, EMs affect 6% to 10% of
reproductive-age women. It is the main cause of pelvic pain
and infertility in women of productive age and seriously
interferes with women’s reproductive health [1, 2]. Numerous
theories have been put forward for the pathogenesis of EMs,
including retrograde menstruation, coelomic metaplasia, lym-
phatic and venous dissemination theory, and immune defense
deficiency theory [3]. The most widely accepted theory, retro-
grade menstruation theory, refers to endometrial fragments

retrograde into the pelvis through the fallopian tube during
the menstrual cycle, then implant in the abdominal organs,
resulting in chronic inflammation and adhesion [4, 5].
However, there are still defects in this explanation, and so
far, there is no one theory that can fully explain the path-
ogenesis of EMs.

Hypoxia is not only a critical factor involved in a variety
of pathophysiological processes but also an important
microenvironment for the pathogenesis of EMs [6, 7].
According to retrograde menstruation theory, the blood
supply was lost, and the hypoxia environment appeared after
the endometrium fell off. Retrograded endometrial frag-
ments in the pelvic may undergo certain changes under this
microenvironment to combat the scarcity of nutrients and
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the accumulation of stress. Studies have shown that pelvic
hypoxia could affect the occurrence and development of
EMs by regulating the synthesis and response of estrogen
[8, 9], angiogenesis [10], and epigenetic [11].

The Hedgehog signaling pathway is highly conserved in
the process of biological evolution, while glioma-associated
oncogene 1 (GLI1) is the core downstream transcription fac-
tor of this signaling pathway [12]. Abnormal activation of
GLI1 leads to increased transcription of target genes, which
regulates a variety of cellular biological processes, including
proliferation, apoptosis, migration, and invasion [13–15].
At present, higher expression of the GLI1 gene has been
observed in multiple malignant tumors, including hepatocel-
lular carcinoma [16] and pancreatic cancer [17]. It plays an
important role in tumor invasion and metastasis. Although
EMs are regarded as a benign disease, ectopic endometrial
cells show malignant biological characteristics and have a
stronger ability of invasion, migration, and abnormal prolif-
eration compared with normal types [18]. Previous study
[19] has demonstrated that GLI1 was elevated in eutopic
endometrium of EMs; however, whether GLI1 may play a
critical role under hypoxic environments in the development
of EMs is still poorly understood.

In the present study, we aimed to clarify the relationship
between the GLI1 gene and the pathogenesis of EMs and
also to determine the role of GLI1 in the invasion of EMs
mediated by hypoxia. This study provides novel theoretical
basis and treatment strategy for the pathogenesis of EMs.

2. Materials and Methods

2.1. Patients and Tissue Collection. The patients were
recruited from the Department of Obstetrics and Gynecol-
ogy, Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology between June 2017
and October 2018. The normal endometrial tissues of 30
healthy women with infertility due to male factors, ectopic
endometrium tissues, and corresponding eutopic endome-
trial tissues of 30 patients with ovarian endometriosis were
collected. According to the standard of the American Society
of Reproductive Medicine (ASRM), it is classified as stage I-
IV EMs [20]. The ectopic endometrial tissue was separated
by laparoscopy, and the corresponding eutopic endometrial
tissue was separated by hysteroscopy. All specimens were
collected during the proliferative phase of the normal men-
strual cycle. The tissue samples were collected using the
Nowak’s curette just before the surgical procedure, and
transported to the laboratory for research use. This study
was approved by the Ethics Committee of Tongji Medical
College of Huazhong University of Science and Technology
(IORG No: IORG0003571), and all the above patients signed
informed consent. All fresh specimens were frozen and
stored in liquid nitrogen to further extract protein and
RNA. The clinical data about the patients are reported in
Supplemental Table 1.

2.2. Human Primary Eutopic Endometrial Stromal Cells
(ESCs) Isolation and Cell Culture Conditions. Isolation of
primary eutopic endometrial stromal cells from eutopic

endometrium of infertile patients with EMs. The collected
fresh tissue was placed on ice, washed with precooled PBS,
and shredded to 1mm3 size tissue homogenate. Type II col-
lagenase (0.1%, Sigma Aldrich, MO, USA) was added to
digest for 60min at 37°C. The tissue homogenate was filtered
through aseptic 400μm and 100μm sieves, respectively, to
remove undigested tissue and epithelial cells. The superna-
tant was discarded after 1000 rpm/min centrifugation for
5min. Then the red blood cell lysate reagent (Beyotime,
Shanghai, China) was added and mixed well to make it fully
cleaved. After 1000 rpm/min centrifugation for 5min, super-
natant was discarded and cells were suspended with 2ml
DMEM/F12 medium containing 10%FBS (Gibco, CA,
USA) and cultured at 37°C.

2.3. Immunohistochemistry Staining. The paraffin-embedded
fresh tissue specimen was stained by immunohistochemical
staining according to the standard procedure. Soak the sam-
ple in 3% hydrogen peroxide solution at room temperature
and incubate with the primary antibody overnight at 4°C.
The secondary antibody labeled with biotin was incubated
at room temperature for 2 hours and washed with PBS 3
times, incubated with diaminobenzidine (DAB) and hema-
toxylin, and observed and photographed under the micro-
scope. The primary antibody used included the following:
anti-HIF1α (Affinity, AF1009, 1 : 100) and anti-GLI1
(Abcam, ab217326, 1 : 100). The immunostaining score of
HIF-1α and GLI1 protein in endometrial tissues is presented
in Supplemental Table 4.

2.4. RNA Extraction and Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR). The qRT-PCR assay was per-
formed according to our previous study [21]. The total
RNA of ESCs was collected by TRIzol reagent (Vazyme Bio-
tech, Nanjing, China), and the RNA was reverse transcribed
into cDNA by HiScrip II QRT SuperMix (Vazyme Biotech,
Nanjing, China). The expression level of mRNA was calcu-
lated by the method of 2−ΔΔCt. The primer sequences used
for real-time RT-PCR are presented in in Supplemental
Table 2.

2.5. Western Blot. The total proteins of ESCs were collected
by radioimmunoprecipitation assay buffer (RIPA) (Beyo-
time Biotechnology, China) and quantified by bicinchoninic
acid assays (Beyotime, Shanghai, China). The protein sam-
ples were denatured after incubation at 95°C for 10 minutes.
Target proteins were separated by 12% SDS-PAGE and
transferred to a polyvinylidene fluoride membrane, sealed
with 5% skim milk at room temperature for 1 hour, incu-
bated overnight with the primary antibody, and then soaked
with the secondary antibody. The primary antibody used
included the following: anti-HIF-1α (Affinity, AF1009,
1 : 1000), anti-GLI1 (Abcam, ab217326, 1 : 1000), anti-
MMP2 (Affinity, AF5330, 1 : 1000), anti-MMP9 (Affinity,
AF5228, 1 : 1000), anti-GAPDH (ProteinTech, 10494-1-AP,
1 : 20000). The commercial sources and characteristics of
antibodies used are summarized in Supplemental Table 3.

2.6. Cell Transfection. For adenoviral transduction, ESCs in
the logarithmic phase were digested and inoculated on a 6-
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well plate according to 5 × 104/ml. When the cell density
reached 50-60%, the cells were ready to be transfected.
Before infection, the medium was replaced by 1ml fresh
complete medium. The control shRNA adenovirus vector
and GLI1 shRNA adenovirus vector (multiplicity of infec-
tion ðMOIÞ = 50) were added, respectively. After cultured
for 24 hours, fresh complete medium was replaced to con-
tinue the culture for another 24 hours, and the fluorescence
expression of GFP was detected under the fluorescence
(IX51, Olympus, Tokyo, Japan) inverted microscope. If the
fluorescence rate in the visual field was more than 80%, the
follow-up experiment could be carried out.

For siRNA transient transfection, 50 nmol/l siRNA-HIF-
1α was transfected into ESCs by using Lipofectamine 2000
Reagent (Thermo Scientific, Waltham, MA, USA) and
OPTI-MEM (Invitrogen, USA) according to the manufac-
turer’s protocol. All the RNA oligoribonucleotides were pur-
chased from RiboBio (RiboBio, Guangzhou, China). The
primer sequences used for siRNA analyses are presented in
in Supplemental Table 2.

2.7. Transwell Migration and Invasion Assays. The migration
and invasive ability of ESCs was evaluated by transwell assay.
For invasion assay, the superior chamber was precoated with
50μl of Matrigel (2mg/ml) (Becton, Dickinson and Com-
pany) and incubated at 37°C for at least 4 h. Then cells were
resuspended with serum-free DMEM/F12 medium after
digestion, and the cell concentration was adjusted to 1 ×
106 cells/ml after counting. The 200μl cell suspension was
added to the upper surface of the chambers. 500μl complete
medium containing 10% FBS was added into the lower
chamber. After being incubated at 37°C for 24 hours, the
chamber was taken out. The chamber was cleaned with
PBS, fixed with paraformaldehyde and stained with 0.1%
crystal violet, and observed under the microscope (Nikon
Eclipse TE2000U inverted microscope with a CCD camera).

2.8. Statistical Analysis. The experimental results in this
study were repeated three times independently, and the
GraphPad Prism8.0 software was used to analyze. The data
that passed normality test were determined by applying

Normal endometrium

H
IF

-1
𝛼

G
LI

1
Ig

G

Eutopic endometrium Ectopic endometrium

200× 400× 200× 400× 200× 400×

a b c d e f

g h i j k l

(a)

0
Normal

2

4

6

8

Re
lat

iv
e m

RN
A

 ex
pr

es
sio

n

Eutopic Ectopic

⁎⁎

⁎

⁎⁎

HIF-1𝛼
GLI1

(b)

Normal Eutopic Ectopic

HIF-1𝛼

GLI1

GAPDH

(c)

0
Normal

2

4

6

Re
lat

iv
e p

ro
te

in
 ex

pr
es

sio
n

Eutopic Ectopic

⁎⁎

⁎
⁎

HIF-1𝛼
GLI1

(d)

Figure 1: Differential expression of GLI1 and HIF-1α in normal, eutopic and ectopic endometrial tissues. (a) Immunohistochemistry assay
was performed to confirm the expression and localization of HIF-1α and GLI1 protein in normal proliferative endometrium (A, B, G, and
H), eutopic endometrium (C, D, I, and J), and ectopic endometrium (E, F, K, and L). The images were observed under 200 times and 400
times visual field. (b) The relative expression levels of GLI1 and HIF-1α in eutopic (n = 40) and ectopic (n = 40) endometrial specimens from
patients with ovarian endometriosis (EMs) and normal endometrial (n = 40) specimens were measured by (b) qRT-PCR and (c, d) western
blot. Statistical analysis was conducted by the Kruskal–Wallis test. The data are presented as the mean ± SD of three independent
experiments. ∗P < 0:05, ∗∗P < 0:005 by one-way ANOVA.
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Student’s t test and one-way analysis of variance followed by
Tukey’s post hoc test among more than two groups. For all
statistical tests, P < 0:05 was considered significant.

3. Results

3.1. Expressions of GLI1 and HIF-1α in Ovarian
Endometriosis. Immunohistochemical was used to deter-
mine the expression of HIF-1α and GLI1 in normal endome-
trium and eutopic and ectopic endometrium of EMs. The
results showed that HIF-1α was located in both the cyto-
plasm and nucleus of glandular epithelial cells and stromal
cells in endometrial tissue. Compared with normal endome-
trium, the expression of HIF-1α in ectopic endometrium was
remarkably increased, but there was no significant difference
in eutopic endometrium (Figure 1(a) (A–F)). Strong GLI1
expression was observed in the cytoplasm of glandular epi-
thelial cells in normal endometrium, while it is mainly
located in the nucleus in eutopic and ectopic endometrium
of EMs (Figure 1(a) (G–I)). Besides, it was also observed that
a significant increase in the expression of GLI1 in eutopic
and ectopic endometrium of patients with EMs when com-
pared with normal endometrium (Figure 1(a) (G–I)). To
further compare the expression of GLI1 and HIF-1α in ovar-

ian endometriosis, qRT-PCR and western blot assays were
also performed. The results showed that the mRNA and pro-
tein expression of GLI1 in eutopic and ectopic endometrium
of patients with EMs was significantly higher than those in
normal proliferative endometrium (Figures 1(b)–1(d)). As
for HIF-1α, the expression level of mRNA and protein was
also significantly increased in ectopic tissues, but no signifi-
cant change was observed between eutopic and normal
endometrium (Figures 1(b)–1(d)). These results indicated
that these two genes may both play an important role in
the development of EMs. However, whether there was a con-
nection between HIF-1α and GLI1 remained unknown.

3.2. Hypoxia Promotes GLI1 Expression of the ESCs in a HIF-
1α-Dependent Manner. To clarify whether the expression of
GLI1 and HIF-1αwas associated with hypoxia, we performed
qRT-PCR and western blot assays for isolated eutopic endo-
metrial stromal cells (ESCs) under hypoxia treatment. As
shown in Figures 2(a)–2(c), RT-PCR and western blot results
indicated that a time-dependent increase in both HIF-1α and
GLI1 mRNA and protein expression were observed. Further-
more, we also knockdown the expression of HIF-1α by spe-
cific siRNA under hypoxia condition to investigate the role
of HIF-1α in hypoxia induced GLI1 activation. The results
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Figure 2: Hypoxia promotes GLI1 expression of the ESCs in a HIF-1α-dependent manner. (a) GLI1 and HIF-1α expression in ESCs was
detected by qRT-PCR following treatment with hypoxia at a series of time points (0, 8, 16, 24, and 48 hours). (b, c) GLI1 and HIF-1α
protein expression in ESCs was determined following treatment with hypoxia at indicated time points (0, 8, 16, 24, and 48 hours). (d–f)
ESCs were transfected with HIF-1α-specific siRNA in the presence of hypoxia, and then the expression of GLI1 and HIF-1α mRNA and
protein was measured by qRT-PCR and western blot. The data are presented as the mean ± SD of three independent experiments. ∗P <
0:05, ∗∗P < 0:005 by one-way ANOVA.
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suggested that compared with ESCs cultured under hypoxia
condition, decreased expression of HIF-1α and Beclin1 and
GLI1 was observed in ESCs transfected with HIF-1α siRNA
under hypoxia condition (Figures 2(d)–2(f)). These suggest
that GLI1 activation under hypoxic condition was dependent
on the status of HIF-1α.

3.3. Hypoxia Promotes Invasion of Endometrial Stromal Cells
in a GLI1-Dependent Manner. To investigate the biological
function of GLI1 under hypoxia condition, we constructed
an empty adenovirus and GLI1 shRNA recombinant adeno-
virus vectors. Transwell migration and invasion assays
showed that the invasive ability of cells was significantly
enhanced under hypoxia when compared with the normoxic
group, while silencing the GLI1 gene can effectively reverse
this effect (Figures 3(a)–3(d)). These evidences indicated
that the enhanced invasion of eutopic endometrial stromal
cells in EMs mediated by hypoxia was depended on GLI1
expression.

3.4. GLI1 Contributed to EMs Invasion through Upregulation
of MMP2 and MMP9. Given the importance of matrix
metalloproteinases family genes (MMPs) in the process of
cell migration and invasion, we focused on the effects of
GLI1 on the expression of MMP2 and MMP9 under hyp-
oxia. It was shown that the mRNA and protein expression
of GLI1, MMP2, and MMP9 was markedly higher under
hypoxia when compared with normoxia (Figures 4(a)–
4(c)). To further determine its internal relationship, we
silenced GLI1 under hypoxia and sought to clarify whether

the upregulation of MMP2 and MMP9 under hypoxia could
be attributed to GLI1. The results of qRT-PCR and western
blot assays showed that both MMP2 and MMP9 diminished
after GLI1 silencing under hypoxic conditions (Figures 4(a)–
4(c)). Collectively, the findings suggested that the ability of
GLI1 to promote invasion under hypoxia may be realized
by MMP2 and MMP9.

4. Discussion

Endometriosis is an estrogen-dependent chronic gynecolog-
ical disease. The pelvic pain, infertility, and increase in the
risk of epithelial ovarian cancer caused by EMs triggered a
serious physical, mental, and financial burden on women.
Up to now, there is still no typical conclusion on the specific
pathogenesis of EMs [22]. The lack of detailed knowledge
about this disorder also leads to barren and ineffective treat-
ments. Despite receiving drug or surgical treatment, EMs
patients still face a high risk of recurrence and long-term
drug side effects [23]. Therefore, it is of great clinical signif-
icance to explore the molecular mechanism of the occur-
rence and development of endometriosis and to find
specific sites to achieve the targeted therapy of EMs.

Hypoxia is a usual phenomenon, and it is one of the
most common features in the solid tumor microenviron-
ment. Hypoxia has been widely reported to be related to
the invasive phenotype of tumors, including cell prolifera-
tion, angiogenesis, and drug resistance, [24–28]. Extensive
studies have confirmed that the effect of hypoxia on tumor
invasion is achieved through the transcriptional activation
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Figure 3: Inhibition of GLI1 attenuates the migration and invasion capacities of ESCs. (a, b) Transwell assays showed the migration
capacities of ESCs infected with scramble shRNA and GLI1 shRNA. (c, d) Transwell assays showed the invasion capacities of ESCs
infected with scramble shRNA and GLI1 shRNA. All images were taken at ×200 magnification. The data are presented as the mean ± SD
of three independent experiments. ∗P < 0:05, ∗∗P < 0:005, ∗∗∗P < 0:001 by one-way ANOVA.
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Figure 4: GLI1 contributed to EMs invasion through upregulation of MMP2 and MMP9. (a, b) GLI1, MMP2, and MMP9 mRNA and
protein expression was determined by qRT-PCR and western blot in ESCs treated with normoxia, hypoxia, hypoxia + scramble shRNA,
and hypoxia + GLI1 shRNA. The data are presented as the mean ± SD of three independent experiments. ∗P < 0:05, ∗∗P < 0:005, ∗∗∗P <
0:001 by one-way ANOVA.
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of different genes by hypoxia-induced factor [29–31].
Although it is not a tumor, EMs also shows many malignant
features similar to tumors, such as strong invasion and
migration [18, 32, 33]. In this study, we found that the
expression of HIF-1α was increased in ectopic lesions of
patients with EMs. After continuous hypoxia stimulation
of eutopic endometrial stromal cells, HIF-1α elevated in a
time-dependent manner. Hypoxia-induced factor-1α (HIF-
1α) is the main factor in cell response to hypoxia stress.
Under hypoxia conditions, HIF-1α forms dimer with HIF-
1β and together regulates downstream by interaction with
hypoxia response element (HRE) [34]. The augment expres-
sion of HIF-1α in ectopic lesions suggests that hypoxia plays
an essential role in the occurrence and development of EMs.

Similarly, besides HIF-1α, we found that the expression
of GLI1 increased in ectopic lesions and also showed upreg-
ulated expression in a time-dependent manner to hypoxia.
Moreover, hypoxia could upregulate GLI1 through HIF-1α
activation. GLI1 is at the terminal end of the highly con-
served Hedgehog signaling (Hh) pathway. When GLI1 is
released, it can trans into the nucleus to regulate gene tran-
scription as a transcription factor [35]. Abnormal activation
of the Hh pathway can lead to various biological events such
as cancer stem cell self-renewal, growth, invasion, and
migration [36–39]. As the terminal molecule of the Hh sig-
naling pathway, the occurrence of these malignant events
is closely related to GLI1. Therefore, we speculate that the
high expression of GLI1 in patients with EMs may be the
culprit of downstream malignant events. We found that
the enhancement of hypoxia-induced migration and inva-
sion abilities in eutopic endometrial stromal cells was atten-
uated after silencing of GLI1 gene. These findings prove that
the highly expressed GLI1 can contribute to hypoxia-
induced invasion enhancement in EMs.

As a transcription factor, GLI1 functions mainly by reg-
ulating the expression of downstream genes. We speculate
that GLI1 may affect cell migration and invasion by regulat-
ing matrix metallopeptidases (MMPs). MMPs have been
found to degrade extracellular matrix and basement mem-
brane [40]. It is frequently found in malignant tumors and
is closely related to invasion and migration [41–43]. Li
et al. [44] found that programmed cell death 4 (PDCD4)
can attenuate the expression of THE NF-κB/MMP2/MMP9
signaling pathway, thus attenuating the migration and inva-
sion potentiality of human endometrial stromal cells. This
suggests that MMPs may play a role in the migration and
invasion of EMs. It was found that the expression of
MMP2 and MMP9 was significantly augmented under hyp-
oxia, and this event could be reversed by silencing of GLI1.
This indicates that GLI1 could regulate migration and inva-
sion of endometrial stromal cell through MMP2 and MMP9.

However, our current study has some limitations. Firstly,
only proliferative phase endometrium was analyzed, and the
sample size was relatively small, which may reduce the inter-
pretable power of the data. Therefore, large sample size from
an entire menstrual cycle should be studied in our future
research. Second, the exact molecular regulatory mechanisms
underlying GLI1 mediated MMP2/9 upregulation in human
endometrial stromal cells remains to be elucidated. Last but

not least, only late-stage ovarian endometriosis sample was
used, and the results may provide little insight into peritoneal
and deep infiltrating lesions. Therefore, future research is
needed to pay more attention into these questions.

In conclusion, we have first uncovered a novel link
between hypoxia microenvironment and GLI1 in the patho-
genesis of endometriosis. Our results presented that GLI1
has a significant higher expression in ovarian endometriosis
and is correlated with elevated expression of HIF-1α. We
further demonstrate that hypoxia can induce the expression
of GLI1 in ECS cell, which then promotes cell migration and
invasion through the MMP2/9 pathway (Figure 5). Overall,
the HIF1α-GLI1-MMPs axis will be a potential therapeutic
in ovarian endometriosis.
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Background. Epidemiological surveys show that a large number of cerebrovascular diseases occur in China every year, and among
these cerebrovascular diseases, ischemic diseases are predominant. Ischemia leads to irreversible degenerative necrosis of a large
number of brain neurons and severe neurological deficits. Aims. This study is aimed at exploring the mechanism of the major
regulatory effect of hypoxia-inducible factor 1 (HIF-1) pathway on proangiogenesis and providing new ideas for the treatment
of ischemic stroke. Materials and Methods. The rats were randomly divided into normal and ischemic control groups, and the
ischemic control group was subjected to the middle cerebral artery occlusion (MCAO) cerebral ischemia model by the wire
embolization method, and the rats were executed in batches at 6 h, 1 d, and 3 d after ischemia-reperfusion, and the brain tissue
specimens were taken for examination to investigate the effect of hypoxia-inducible factor 1 (HIF-l) signaling pathway on
acute ischemic stroke. Results. At 3 d, the number of VEGFR2 positive cells increased significantly, and there was a significant
difference compared with the control group (P < 0:05). At 3 d, the number of HIF-1α-positive cells increased significantly, and
there was a significant difference compared with the control group (P < 0:05). The number of Hes1+factor VIII positive cells in
the ischemic cortex increased significantly on the 1st and 3rd day, and there was a significant difference compared with the
control group (P < 0:05). The expression of Hes1 protein was significantly lower than the normal level after 6 h of ischemia,
and the protein expression was significantly increased at 1 d and 3 d after ischemia (P < 0:05). Conclusion. By detecting the
expression changes of Hesl+factor VII in the ischemic area, the results show that ischemia and hypoxia activate the HIF-1,
making the HIF-l the main regulatory pathway in the process of angiogenesis after ischemia.

1. Introduction

With the in-depth study of the pathophysiology of cerebral
ischemic area, it is recognized that there is a penumbra after
ischemia, that is, the relative ischemic area around the ische-
mic core area [1]. In the penumbra area, due to incomplete
ischemia due to the supply of collateral circulation, a large
number of neurons only undergo reversible degeneration.
This reversible degeneration provides an opportunity to res-
cue as many neurons as possible in future treatments [2]. If
the formation of new blood vessels in the ischemic area can
be promoted to restore local blood flow as soon as possible,
it is not only beneficial to rescue reversibly degenerated neu-
rons but also provides a good microenvironment for the sur-

vival, proliferation, and functional remodeling of neural
stem cells in the subsequent functional repair. Treatment
of stroke can minimize neurological deficits and improve
prognosis [3]. Clinical research data show that the prognosis
of patients with high-density of new capillaries in the area of
cerebral ischemia injury is significantly better than that of
patients with low-density, so it can effectively promote the
formation of local blood vessels in the ischemic area as soon
as possible to restore the blood reperfusion of ischemic brain
tissue. The treatment of blood stroke is of great signifi-
cance [4].

Neovascularization refers to the process of sprouting and
forming new functional blood vessels on the basis of the
original vascular network, which can be seen in many
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pathological and physiological processes [5]. In the process
of neovascularization, the expression and synergistic effect
of numerous vascular growth factors are required, the most
important of which is vascular endothelial growth factor
(VEGF) [6]. VEGF is one of the target genes directly regu-
lated by HIF-1, and the two are closely related to the process
of angiogenesis after ischemia. In ischemic brain tissue, both
are expressed on neurons with the same expression phase
[7]. HIF-1 is a transcription factor discovered during eryth-
ropoietin gene expression studies in hepatocytes and trans-
genic animals [8, 9]. So far, more than 100 target genes
have been found to directly act on HIF-1, which are involved
in the processes of angiogenesis, apoptosis, cell proliferation,
and energy metabolism. Hypoxia activates HIF-1 in ische-
mic stroke and induces HIF-1 related processes. Target
genes are transcribed and produce corresponding biological
effects [10]. Animal models of ischemia have confirmed that
HIF-1 protein can promote the formation of new blood ves-
sels. Even after the removal of the oxygen-dependent degra-
dation region, HIF-1 protein can still activate its
downstream target genes to generate a large number of vas-
cular tissues [11]. After hypoxia, HIF-1 not only affects the
expression of angiopoietin, platelet growth factor, etc., but
also directly acts on downstream target genes such as VEGF
to participate in angiogenesis, making it a core regulator of
angiogenesis after hypoxia [12]. Further study of its mecha-
nism is that HIF-1 binds to the VEGF site under hypoxic
conditions to enhance the expression of VEGF promoter,
significantly increase the transcriptional activity of VEGF,
and promote angiogenesis [13]. It can be seen that HIF-1
plays an indispensable role in the regulation of VEGF during
angiogenesis under hypoxia.

2. Material and Methods

2.1. Research Object. Twenty clean-grade adult (9 weeks)
male Sprague-Dawley (SD) rats weighing 250-280 g were
selected, and the experimental rats were randomly divided
into sham-operated, 6 h, 1 d, and 3d postischemic groups,
with 5 SD rats in each group. The rats with cerebral ischemia
were executed at the corresponding time points of 6 h, 1 d,
and 3d after cerebral ischemia-reperfusion, respectively.
The rats in the sham-operated group only did the same sur-
gical operation without treating the carotid artery, and the
rest treatments were the same for both.

Sterilization: The glass instruments used were soaked in
sulfuric acid and potassium dichromate cleaning solution
for 24h, then washed thoroughly, then rinsed with triple dis-
tilled water, dried in the oven at 60°C, and then sterilized by
dry heat at 160°C for 2 h; the plastic equipment used were
cleaned, rinsed with triple distilled water, dried at 60°C,
and then autoclaved at 120°C; all metal surgical instruments
were sterilized by immersion in glutaraldehyde.

De-RNAse Treatment: EP tubes, gun tips, and other dis-
posable supplies were treated with 0.1% DEPC water over-
night, dried, and then autoclaved at 120°C; reagents were
prepared in newly opened bottles or DEPC water; metal,
glass, and other supplies were sterilized by dry baking at
250C for 4 h.

2.2. Experimental Animal Inclusion Criteria. The following
signs were observed after awakening from anesthesia in
the MCAO model, and those who showed the following
signs indicated the success of the model: Horner’s sign
on the right side and neurological deficit on the left limb
and neurological function score according to the Zea
Longa 5-point scale: 0: normal, no symptoms of neurolog-
ical damage; 1: unable to fully extend the contralateral
front paw; 2: turn to the left when walking; 3: lean to
the opposite side when walking; 4: unable to walk sponta-
neously, loss of consciousness. Animal models were
included if they scored 1 – 3.

2.3. Methods. Ischemic Injury Model. The focal ischemic
injury model of middle cerebral artery embolism was made
by referring to the modified Longa and Nagasawa method.
The brief steps are as follows: weigh 250-280 g of SD rats,
rats were sacrificed intramuscularly at 2mg/kg xylazine plus
10mg/kg ketamine, and inject pentobarbital at the same
time. Limbs and head were fixed supine on the operating
table. Cut off the neck hair, sterilize the skin, make a longi-
tudinal incision in the middle of the neck, and cut the skin
to expose the right common carotid artery, internal carotid
artery, and external carotid artery. Under the operating
microscope, the anterior superficial and deep fascia of the
neck was incised to expose the anterior trachea muscle
group, which was separated to the depth between the angle
formed by the anterior tracheal muscle group and the right
sternocleidomastoid muscle. Next step is free the common
carotid artery, internal carotid artery, and external carotid
artery (be careful not to damage adjacent important nerves
and branches) and ligate the proximal common carotid
artery and the distal external carotid artery with silk thread,
and the internal carotid artery is temporarily blocked by
arterial clips. A V-shaped incision was made in the proximal
wall of the external carotid artery, and a self-made 4-0
thread plug (about 3 cm in length, with a smooth sphere
with a diameter of 0.3mm at the tip) was inserted into the
ordinary carotid artery through the incision first. The next
step is insert a 4-0 wire plug (about 0.3mm in diameter) into
the common carotid artery through the incision, then
completely incise the external carotid artery, tie the reserved
wire on the external carotid artery A, and make sure that the
wire plug is not too large when inserted resistance. After
that, loosen the arterial clamp, slightly return the bolt at
the bifurcation of the common carotid artery, and slide it
into the internal carotid artery A. The next steps is slowly
enter the middle cerebral artery without resistance, then
block the blood supply of the middle cerebral artery, and
then stop the insertion when the elastic resistance is felt,
and the insertion length is about 18 ± 0:5m from the bifur-
cation of the common carotid artery; after that, fix the bolt
and apply a simple bandage incision. After blocking the
blood supply of the middle cerebral artery for 2 hours, the
neurological function of the awake rats was scored, and the
rats were anesthetized again. And the rats were anesthetized
again for internal carotid artery reperfusion. The cervical
incision was sutured and returned to the cage. Rats in the
sham operation group only had free blood vessels, and other
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treatments were the same as those in the operation group.
The rectal temperature of SD rats was maintained between
36.5-37.0°C throughout the surgery. SD rats in each group
were sacrificed, and the ischemic cortical brain tissue was
preserved. The procedure was as follows: rats were sacrificed
intramuscularly at 2mg/kg xylazine plus 10mg/kg ketamine,
and the heart was perfused with 500ml of sterile saline to
isolate intact brain tissue. After that, place the brain tissue
at 20°C for 30min. Approximately 100mg of each brain tis-
sue was excised with a deribonuclease-treated razor blade
from the affected cortical area before and after the bregma
and divided into two deribonuclease-treated 1.5ml EP tubes
and stored in a refrigerator at 80°C.

5 frozen sections of each brain tissue were randomly
selected from each experimental group at each time point,
and the expression of VEGFR2 in the ischemic cortical area
was detected by immunohistochemical staining, and the spe-
cific steps were the same as those for HIF-1α immunofluo-
rescence staining and briefly described as follows: rabbit
anti-rat VEGFR2 antibody (1 : 100) was added to the brain
tissue sections in 60 ul drops, completely covering the brain
tissue, at 4°C. The sections were wet boxed overnight, and
FITC-labeled goat anti-rabbit IgG (1 : 200) 60 ul was added
dropwise on the next day, and the reaction was performed
at 37°C for 50min, protected from light. Glycerol-sealed
slices were observed under fluorescence microscope and
photographed.

2.3.1. Result Determination: the cytoplasm cytosol of
VEGFR2-positive cells showed green fluorescence under
fluorescence microscope. Counting: 5 nonoverlapping fields
of view were randomly selected in the ischemic cortical area
of each section at × 400 cell counting, and the average
number of positive cells in each field of view was taken for
each brain tissue.

2.3.2. Detection of HIF-1. 5 frozen sections of each brain tis-
sue were randomly selected from each experimental group at
each time point, and the expression of Hs1 and microvessel
density in vascular endothelial cells in ischemic cortex was
detected by double immunohistofluorescence staining with
HIF-1+factor VIII. The specific steps are the same as HIF-
1α factor immunofluorescence staining: mix mouse anti-rat
Hes1 antibody and rabbit anti-rat factor VVII antibody in
0.01M PBS, so that the final concentration of both anti-
bodies is 1 : 100, take 60ul of the mixture and add on brain
tissue sections, react at 4°C for 24 hours; mix TRITC-
labeled bovine anti-rabbit IgG and FITC-labeled goat anti-
mouse IgG in 0.01MPBS, so that the final concentration of
the two antibodies is 1 : 200, take and mix Add 60 ul of the
solution to the brain tissue section and react at 37°C for 50
minutes in the dark, and add 50 ul of 1% DAPI solution
dropwise and react in the dark for 5min at room tempera-
ture. After mounting with 50% glycerol, observe and take
pictures under a fluorescence microscope. The results
showed that the cytoplasm of vascular endothelial cells
showed red fluorescence under the fluorescence microscope,
the cytoplasm of Hs1-positive cells showed green fluores-
cence, and the nuclei of all cells showed blue fluorescence

after DAPI staining. Counting: 5 nonoverlapping visual
fields were randomly selected in the ischemic cortex of each
slice to count Hes1-positive vascular endothelial cells, and
the average number of Hs1-positive endothelial cells in each
visual field of each brain tissue was taken.

2.4. Statistical Analysis. All statistical data in this study were
entered into Excel software by the first author and the corre-
sponding author, respectively, and the statistical processing
software was SPSS25.0 for calculation. The mean ± standard
deviation (�x±s) was used to represent the measured value of
the measurement data and compared with the analysis of var-
iance between groups. Count data were expressed as a percent-
age (%) and compared with χ2 analysis. Repeated measures
analysis of variance between groups was used to measure the
measurement expressed as mean ± standard deviation (�x ± s).
Count data expressed as a percentage (%) were tested by χ2.
Included data that did not conform to a normal distribution
were described by M (QR), using the Mann–Whitney test.
All statistical tests were two-sided probability tests, and the
statistical significance was P < 0:05.

3. Results

3.1. Expression of HIF-1. There was only a small increase in
the number of HIF-1α positive cells in the cortical area after
6 h and 1d of cerebral ischemia-reperfusion, and the differ-
ence in the number of HIF-1 positive cells after 6 h and 1d
was not statistically significant compared with the control
group (P > 0:05); however, by 3 d, there was a significant
increase in the number of HIF-1α positive cells, which was
statistically significant compared with the control group
(P < 0:05). See Figure 1.

3.2. Expression of VEGFR2. The number of VEGFR2-
positive cells in cortical areas increased in a few after 6 h
and 1d of cerebral ischemia-reperfusion, and the difference
between the number of VEGFR2-positive cells after 6 h and
1d compared with the control group was not statistically sig-
nificant (P > 0:05); however, by 3 d, the number of VEGFR2-
positive cells increased significantly, and there was a statisti-
cally significant difference compared with the control group
(P < 0:05). See Figure 2.

3.3. Changes in Microvessel Density. After 6 hours of cerebral
ischemia-reperfusion, the number of Hes1+factor VIII posi-
tive cells in the ischemic cortex was lower than normal, and
there was a statistical difference between the control group
and the 6 h group by t-test (P < 0:05). After 1 d and 3d
ischemic cortex the number of Hes1+factor VIII positive
cells in the area increased significantly, compared with the
control group, there was a significant difference (P < 0:05).
See Figure 3.

3.4. Test Results. The expression of HIF-1α protein in ische-
mic cortex was changed at 6 h, 1 d, and 3d. The expression
of HIF-1 was almost the same as normal after 6 h of ische-
mia. The expression of HIF-1α protein increased signifi-
cantly after 1 d and 3d of ischemia, but the expression of
HIF-1α was significantly increased after 1 d and 3d of
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ischemia. The expression of notch1 protein gradually
increased in the cerebral cortex at 6 h, 1 d, and 3d after
ischemia and reached a peak at 3 d, while the expression
of Hes1 protein first decreased and then increased. After
6 h of ischemia, the Hes1 protein expression was signif-
icantly lower than the normal level, and then the pro-
tein expression increased significantly at 1 d and 3d.
See Figure 4.

4. Discussion

There is still little progress in the treatment of ischemic
stroke, which is still based on symptomatic, neurotrophic,
thrombolytic, and anticoagulant treatments with poor prog-
nosis and many residual complications [14]. With the deep-
ening of the understanding of the pathophysiology of the
ischemic zone of brain tissue, the concept of cerebral
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Figure 1: The number of HIF-1α positive cells. All HIF-1 expression data in this study were entered by the author into Excel software, and
the statistical processing software was calculated by SPSS25.0, expressed as mean ± standard deviation, and found by independent samples t
-test. In the brain the number of HIF-1α positive cells in the cortex increased only slightly after 6 h and 1 d after ischemia-reperfusion, and
the number of HIF-1α positive cells after 6 h and 1 d was not significantly different from the control group (P > 0:05). The number of HIF-1α
positive cells increased significantly when compared with the control group, and the difference was statistically significant (P < 0:05).
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Figure 2: Expression of VEGFR2. All HIF-1 expression data in this study were entered by the author into Excel software, and the statistical
processing software was calculated by SPSS25.0, expressed as mean ± standard deviation, and found by independent samples t-test. The
number of VEGFR2-positive cells in the cortex increased slightly after 6 h and 1 d of perfusion. There was no significant difference in the
number of VEGFR2-positive cells after 6 h and 1d compared with the control group (P > 0:05). However, the number of VEGFR2-
positive cells increased significantly at 3 d. Compared with the control group, there was a significant difference with statistical
significance (P < 0:05).
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Figure 3: Changes in microvessel density. All changes in microvessel density in this study were entered by the author into excel software,
and the statistical processing software was calculated by SPSS25.0, expressed as mean ± standard deviation, and found by independent
samples t-test. The number of Hes1+factor VIII positive cells in the ischemic cortex after 6 hours of perfusion was lower than normal,
and there was a statistically significant difference between the control group and the 6 h group by t-test (P<0.05). The number of factor-
positive cells increased significantly, and there was a significant difference compared with the control group, with statistical significance
(P<0.05).
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ischemic semidark zone was proposed, and people turned to
advocate early restoration of blood flow to save the dying
cells in the semidark zone and improve the prognosis of
treatment [15]. Newly generated microvessels not only pro-
vide blood supply to the ischemic zone but also induce the
release of various trophic factors, which are beneficial for
neurological recovery. It has been observed in clinical prac-
tice that the higher the number of microvessels in the brain
tissue of ischemic stroke patients, the longer their poststroke
survival time [16]. VEGF is an early and well established vas-
cular growth factor that has been widely used in ischemic
diseases, and previous studies have demonstrated that the
administration of exogenous vascular growth factor stimu-
lates neurological recovery in ischemic areas. The study of
other VEGF-related factors and signaling pathways has fur-
ther improved the understanding of the process of angiogen-
esis and provided new ideas for the treatment of ischemic
stroke [19].

Both subunits have a base helix loop helix and PAS
structure and belong to the bHLH-PAS family [20]. The sub-
units are located in the cytoplasm, and their concentration
levels are correlated with low oxygen concentration levels,
while the B subunit is a constructive expression, indepen-
dent of oxygen concentration, mainly related to maintaining
HIF structural stability and dimerization activity conforma-
tional shift [21]. Hypoxia-induced production of HIF-1 on
neovascularization is currently recognized by the following
mechanisms of action: preparation for angiogenesis by syn-
thesizing vasodilation and upregulation of VEGFE and
ligand expression to increase vascular permeability [22].
Upregulation of metalloprotein hydrolase activity and deg-
radation of the extracellular matrix provide an environment
for cell survival [23]. HIF-1 acts on VEGF to induce migra-
tion and proliferation of vascular endothelial cells, binds
angiopoietin, and promotes vascular sprout formation [24].
Through the action of VEGF, angiopoietin and integrin, sin-
gle vessel bud lumen anastomoses with each other forms a
vascular network and finally acts on stromal cells through
platelet-derived growth factor and angiopoietin 1 to wrap
around the neovascularization to form mature vessels [25].

Through the above mechanism of action, it makes HIF-1 a
central regulator of posthypoxia vascular neogenesis. α is
the active regulatory unit of HIF-1, which includes two
important structural domains: the oxygen-dependent degra-
dation structural domain, which regulates the stabilizing
effect of HIF under oxygen concentration [26] and the two
transcriptional activation structural domains, one each at
the N- and C-termini. C-TAD regulates gene transcriptional
activity, while N-TAD is the domain of action that forms
heterodimers with HIF-1α and binds DNA cis-response ele-
ments [27]. Three sequence homology a-subunits have been
identified: HIF-1α, HIF-2α, and HIF-3α. Hypoxia is the pre-
dominant HIF-1 expression apoptotic factor, and hypoxia-
activated HIF-1α binds to HIF-1β, translocates into the
nucleus, cross-links to hypoxic response elements in the reg-
ulatory region of target genes, and induces gene expression
[28]. Under normoxic conditions HIF-lα is hydroxylated
by prolyl hydroxylase and acetylated by acetyltransferase,
and the hydroxylated and acetylated HIF-1α is then bound
to the Von Hippel-Lindau (pVHL) protein and degraded
by ubiquitination [29]. Also because the asparagine hydrox-
ylation of HIF-1α affects its binding to the hypoxic response
element of the target gene enhancer thereby inhibiting the
transcription of downstream target genes, and more than
100 target genes have been found to be directly acted upon
by hypoxia-inducible factors, which are involved in pro-
cesses such as angiogenesis, cell regulation, cell proliferation,
and energy metabolism [30]. Due to the importance of
VEGF for neovascularization, the relationship between HIF
and VEGF after hypoxia has been extensively studied in-
depth [31]. In a neonatal mouse model of MCA 1.5 h, it
was found that the positive expression of HIF-1 increased
after 4 h of ischemia, peaked at 6 h, and started to decrease
after 24 h, mainly expressed on neurons, while it was
observed that VEGF mRNA appeared to be expressed in
brain tissue after 2-4 h, declined after 6 h, and returned to
normal levels at 24 h, while the site and temporal phase of
VEGF protein expression were the same as those of HIF-
1α [32]. In a model of cerebral ischemia caused by cardiac
arrest, a significant increase in HIF-1 was detected after 1 h
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Figure 4: Changes in microvessel density. All changes in this study were entered by the author into Excel software, and the statistical
processing software was calculated using SPSS 25.0, expressed as mean ± standard deviation, independent sample t-test. The expression of
notch1 protein in the cerebral cortex at 6 h, 1 d, and 3 d after ischemia showed a gradual increasing trend, reaching a peak at 3 d, while
the expression of Hes1 protein showed a process of first decreasing and then increasing. At 6 h after ischemia, the expression of Hes1
protein was significantly lower than the normal level, and the protein expression level increased significantly at 1 d and 3 d.
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of reperfusion, and VEGF mRNA and VEGF protein
increased at 12-46 h and 24-46 h and persisted until 7 d later,
respectively [33]. Rapid expression of HIF-1 was also
observed early in mice reischemic after hypoxic precondition-
ing, while its downstream gene products EPO and VEGF were
also abundantly expressed after 6h [34]. Some studies for the
expression of HIF-1 after cerebral ischemia have suggested
in the literature that the increase in its expression is induced
by postischemic hypoxia [35]. The peak of HIF-1α expression
after ischemia was observed at 3 d, while some scholars
observed the peak of HIF-lα expression after low pressure
cerebral ischemia at 48-96h. Our experiment also observed
an increase in HIF-1 expression after cerebral ischemia, and
the results were basically similar to the literature [36]. The
expression of HIF-1α increased after 6 h of ischemia-reperfu-
sion, and the number of positive cells reached a peak at 3 d
after ischemia. We observed that HIF-1α protein expression
increased significantly on day 1 and day 3, but the peak
appeared on day 1. The expression of VEGFR2 positive cells
was also observed in a gradual increase, with the strongest
expression at 3d. For the peak of HIF-1 expression after ische-
mia, there are various scenarios appearing among different lit-
erature, for the delayed peak of HIF-1α expression after simple
cerebral ischemia; this phenomenon has not been clearly
explained in the literature, whichmay be related to a combina-
tion of factors such as induction of HIF-1 by rehypoxia after
ischemic tolerance and induction of HIF-1α expression by
inflammatory factors in response to tissue inflammation after
ischemia [37]. Postischemic hypoxia HIF-1 exerts a regulatory
effect on VEGF and affects angiogenesis [38]. With the in-
depth study, it has been recognized that the apoptotic mecha-
nism of HIF-1 on VEGF expression is as follows: activation of
HIF-1 into the nucleus directly binds to HRE to activate VEGF
genes and induce transcription [39]. HIF-1 upregulates the
transcription of VEGFR1, and HIF-1 acts on specific sites of
VEGF mRNA and increases its stability to ensure VEGF
expression [40].

We learned from the results of this study by detecting
the changes in the expression of Hesl+factor VII in the
ischemic area, the results show that ischemia and hypoxia
activate the HIF-1 signaling pathway, and with the increase
of HIF-1 expression, it can effectively promote the formation
of new blood vessels. The same point between the study and
previous studies is that cerebral ischemia and hypoxia
induce HIF-1α production, comprehensively regulate the
upregulation of VEGF expression, bind VEGF to VEGFR2,
and activate Notch signaling pathway through intercellular
stimulatory signals. The relationship between Notch signal-
ing pathway molecules and VEGFR interaction is that they
work together to promote the formation of new blood ves-
sels. There is no divergent field for the time being. The nov-
elty of this study is that by detecting the changes of HIF-1α
in the ischemic cerebral cortex, it starts the main process of
angiogenesis by regulating the corresponding downstream
target genes and has an important effect on angiogenesis
after ischemia. By detecting the changes of Hes1+VIII factor
expression in the ischemic area, the HIF-1-VEGF-Notch sig-
naling pathway becomes the main regulatory pathway in the
process of angiogenesis after ischemia.

In summary, by detecting changes in Hesl+VII factor
expression in ischemic areas, the results indicate that
ischemia and hypoxia activate the HIF-l, and with the
increase in HIF-1 expression, the proliferation of vascular
endothelial cells is increased, effectively contributing to
neovascularization and making the HIF-1 a major regula-
tory pathway in the process of postischemic vascular
neogenesis.
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Background. Propofol combined with remifentanil is the most common anesthesia method in laparoscopic hysteromyomectomy.
However, whether the combination of the two is helpful to patients undergoing hysteromyomectomy still requires unclear.
Objective. To determine the effect of parecoxib sodium combined with dexmedetomidine on analgesia and postoperative pain
of patients undergoing hysteromyomectomy. Methods. Altogether, 72 patients receiving hysteromyomectomy in our hospital
from February 2017 to March 2019 were enrolled. Among them, 35 patients treated with parecoxib sodium were assigned to
the control group, while the rest 37 patients treated with parecoxib sodium combined with dexmedetomidine were assigned to
the research group. The following items of the two groups were evaluated: visual analog scale (VAS) score, mechanical pain
threshold (MPT), Riker sedation-agitation scale (RSAS) score, and expression of serum cortisol and melatonin. Results. At 12
and 24 h after operation, the VAS score of the research group was lower than that of the control group (P < 0:05), and at 6, 12,
and 24 h after operation, the MPT of the research group was notably higher than that of the control group (P < 0:05). In
addition, at 10min after extubation, the research group got notably lower RSAS score than the control group (P < 0:05). Before
extubation and at 20min after extubation, the research group showed notably higher melatonin expression and notably lower
serum cortisol expression than the control group (both P < 0:05). Conclusion. Parecoxib sodium combined with
dexmedetomidine can effectively control the postoperative pain of patients undergoing hysteromyomectomy, reduce the
incidence of agitation, and effectively control serum cortisol and melatonin in them.

1. Introduction

Hysteromyoma is the most common benign tumors of female
genitalia, with a global incidence of about 34.8% [1]. It mostly
occurs inmiddle-aged and elderly people [2]. According to the
statistical results obtained by Pritts et al., there were about 1.1
million new patients with hysteromyoma worldwide in 2015
[3]. One study by Carranza-Mamane et al. [4] has pointed
out that the incidence of hysteromyoma is increasing annually,
andmore andmore young people suffer from it. It is estimated
that over 10 million patients will suffer from hysteromyoma
worldwide by 2050 [5]. Hysteromyoma has always been a
clinical research hotspot due to its high incidence. The main
symptoms of patients with uterine fibroids are increased

menstruation, prolonged menstruation, increased vaginal
secretions or vaginal discharge, compression symptoms (such
as frequent urination, constipation), etc. As hysteromyoma
has no obvious characteristics in the early stage, patients with
this disease often do not have significant clinical manifesta-
tions, which leads them tomiss the best treatment opportunity
[6]. Therefore, the clinically reported incidence of uterine
fibroids is much lower than the actual incidence of uterine
fibroids. As the disease progresses, if the disease cannot be
controlled in time, it will not only endanger women’s physical
health and induce the consequences of hysterectomy, but also
affect their psychological state along with the disease. The cur-
rent treatment of uterine fibroids can be roughly divided into:
follow-up observation, drug treatment, surgical treatment,
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minimally noninvasive treatment, minimally noninvasive sur-
gical treatment including high intensity focused ultrasound
(HIFU), and uterine artery embolization. Currently, operation
is the most effective treatment for hysteromyoma [7]. As lap-
aroscopic technique develops and comes into use, there is an
efficient and minimally invasive method for hysteromyoma,
and patients suffer significantly less surgical trauma and have
higher acceptance toward surgery [8].

Propofol combined with remifentanil is the most com-
mon anesthesia method in laparoscopic hysteromyomect-
omy. Targeted continuous pumping can control the depth
of anesthesia, with the advantages of taking effect quickly
and contributing to fast recovery [9, 10]. Patients may suffer
from different degrees of hyperalgesia during recovery and
are likely to have agitation, which will greatly compromise
their postoperative recovery, so it is necessary to use analge-
sic and sedative drugs [11]. According to studies by Hadi
et al. and Lenz et al., parecoxib sodium and dexmedetomi-
dine can effectively alleviate patients’ hyperalgesia and
agitation during recovery [12, 13]. However, whether the
combination of the two is helpful to patients undergoing
hysteromyomectomy still requires further study.

Therefore, this study explored the effect of parecoxib
sodium combined with dexmedetomidine on analgesia and
postoperative pain of patients undergoing hysteromyomect-
omy, with the goal of providing reference for future clinical
practice.

2. Materials and Methods

2.1. Clinical Data. Altogether, 72 patients receiving hystero-
myomectomy in our hospital from February 2017 to March
2019 were enrolled. Among them, 35 patients (mean age of
32:5 ± 6:8 years) treated with parecoxib sodium were
assigned to the control group, while the rest 37 patients
(mean age of 32:7 ± 6:4 years) treated with parecoxib
sodium combined with dexmedetomidine were assigned to
the research group. This study was carried out with permis-
sion from the Ethics Committee of our hospital.

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
of the study are as follows: patients clinically diagnosed as
hysteromyoma based on abdominal ultrasonography,
patients whose myoma location and size were determined,
patients ≥20 years old, patients with detailed general clinical
data, and those who or whose immediate families signed
informed consent forms.

The exclusion criteria of the study are as follows: patients
with severe comorbid cognitive or mental disorders, patients
who dropped out from the study halfway, patients with
comorbid malignant tumor, severe organ dysfunction, infec-
tious diseases, coagulation dysfunction or hypertension,
patients unable to cooperate with the evaluation of periopera-
tive pain and other indicators, and patients with contraindica-
tions to sedative and analgesic drugs including propofol,
remifentanil, parecoxib sodium, and dexmedetomidine.

2.3. Anesthesia Methods. Before operation, each patient was
required to fast for food and liquids and injected with pene-

hyclidine hydrochloride (0.5mg) and phenobarbital sodium
(0.1 g) to promote his/her muscle relaxation and reduce his/
her gland secretion. The patient’ airway was evaluated to
understand if he/she had difficult airway, and his/her vital
signs including respiration, heart rate, and blood pressure
were monitored. Anesthesia induction: each patient was
injected intravenously with propofol (2m/kg) and midazo-
lam (0.06mg/kg) and also injected intravenously with
15μg sufentanil for analgesia. In addition, rocuronium
(0.15mg/kg) was adopted as muscle relaxant for each
patient. For patients operated on for a long time, the mus-
cle relaxant was added intermittently during the operation.
After anesthesia induction, each patient was given tracheal
intubation, and remifentanil and propofol were pumped
into the patient through a micro pump. At the end, the
patient was injected intramuscularly with atropine and neo-
stigmine, and the inserted trachea was pulled out when the
patient was able to breathe spontaneously. For patients in
the control group, 40mg parecoxib sodium (Pfizer Inc., State
Food and Drug Administration (SFDA) approval number:
J20080045) was injected intravenously before pneumoperito-
neum was established. For patients in the research group,
0.5μg/kg dexmedetomidine (Guorui Pharmaceutical Co.,
Ltd., Sichuan, SFDA: 20110097) was injected based on treat-
ment for the control group.

2.4. Enzyme Linked Immunosorbent Assay (ELISA)
Determination. Fasting venous peripheral blood (4mL) was
sampled from each patient before and after treatment and
let to stand at room temperature for 30min, followed by
10-min centrifugation at 3000 rpm/min to obtain the upper
serum. The obtained serum was subpackaged by enzyme-
free EP tubes. Some samples were adopted for experiment,
and the rest were stored at -80°C. ELISA kits were purchased
from Beijing North Biotechnology Co., Ltd., and all steps
were carried out strictly according to the kit instructions.

2.5. Scoring Criteria. The visual analog scale (VAS) was
adopted to evaluate the postoperative pain of each patient
[14]. The scale has a full score of 10 points, and a higher score
indicates more serious pain and worse pain control effect. The
Von Frey Kit was adopted to measure the mechanical pain
threshold (MPT) of each patient at different time points as
follows: the fiber tip of the detection tool wasmade to vertically
contact with the skin 2 cm around the incision, and the fiber tip
was bent for 2 s. The fiber size was increased gradually from
0.4 g, and the increase was stopped when the patient felt tin-
gling pain. The final intensity value (Xf) was recorded. MPT
= Xf × maximum likelihood estimation value × logarithmic
value of intensity distance. In addition, the Riker sedation-
agitation scale (RSAS) was adopted to score the agitation of
each patient after recovery. The scoring rules were as follows:
1 point if the patient could not be awaken, and he/she only
responded slightly to malignant stimulation, or even had no
response; 2 points if the patient was in sedation, responding
to physical stimulation, but unable to respond and communi-
cate with instructions; 3 points if the patient was in sedation
and drowsiness, could be awaken by mild stimulation, could
obey simple instructions, and fall asleep quickly; 4 points if
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the patient was quiet, could be awaken easily, and could obey
instructions; 5 points if the patient was restless and anxious
and could be made to recover to a quiet state under promotion
ofmedical staff; 6 points if the patient was in a relatively serious
agitation and required repeated persuasion and even protective
restriction by medical staff; 7 points if the patient was in a
threatening agitation, he/she attacked on medical staff, and
cooperation with him/her was difficult to achieve. Riker score
≥ 5 points was defined as agitation.

2.6. Outcome Measures. Primary outcome measures are as
follows: VAS score, MPT, and RSAS score of each patient
were evaluated.

Secondary outcome measures are as follows: the expres-
sion of serum cortisol and melatonin in each patient was
determined.

2.7. Statistical Analyses. In this study, the collected data were
analyzed statistically using SPSS20.0 (IBM Corp, Armonk,
NY, USA) and visualized into required figures usingGraphPad
7. Data distribution was analyzed using the Kolmogorov-
Smirnov (K-S) test, and data in normal distribution were
expressed as the mean ± standard deviation (Mean ± SD).
Intergroup comparison was carried out using the
independent-samples t test and introgroup comparison was
carried out using the paired t test. Enumeration data were
expressed as the rate (%), analyzed using the chi-square test,
and expressed as χ2. P < 0:05 indicates a notable difference.

3. Results

3.1. Clinical Data. There was no remarkable difference
between the research group and the control group in clinical
data including age, hypertension history, body mass index
(BMI), smoking history, drinking history, place of residence,

Table 1: Comparison of clinical data between control group and observation group [n(%)].

The research group (n = 37) The control group (n = 35) χ2 or t P value

Age (Y) 32:7 ± 6:4 32:5 ± 6:8 0.055 0.956

Hypertension history

0.172 0.679Yes 11 (29.73) 12 (34.29)

No 26 (70.27) 23 (65.71)

BMI 22:05 ± 1:24 22:02 ± 1:17 0.106 0.916

Smoking history

0.002 0.963Yes 15 (40.56) 14 (40.00)

No 22 (59.46) 21 (60.00)

Drinking history

0.007 0.995Yes 18 (48.65) 17 (48.57)

No 19 (51.35) 18 (51.43)

Place of residence

0.695 0.405Urban area 23 (62.16) 25 (71.43)

Rural area 14 (37.84) 10 (28.57)

Dietary favor

0.008 0.927Light 12 (32.43) 11 (31.43)

Spicy 25 (67.57) 24 (68.57)

Exercise habit

0.188 0.664Yes 23 (62.16) 20 (57.14)

No 14 (37.84) 15 (42.86)

Course of disease (week) 4:74 ± 1:04 4:92 ± 0:86 0.798 0.427
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Figure 1: VAS scores of patients at different time points. At 12 and
24 h after operation, the VAS score of the research group was
greatly lower than that of the control group. Note: ∗P < 0:05 vs.
research group.
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dietary favor, exercise habit, and course of disease, so they
were comparable (all P > 0:05). Table 1.

3.2. VAS Score. No notable difference was found between the
two groups in VAS score at 6 h after operation (P > 0:05),
while at 12 and 24h after operation, the VAS score of the
research group was greatly lower than that of the control
group (P < 0:05) as shown in Figure 1.

3.3. MPT of Patients. Before anesthesia induction, no notable
difference was found between the two groups in MPT
(P > 0:05), while at 6, 12, and 24 h after operation, the
research group showed notably higher MPT than the control
group (P < 0:05) as shown in Figure 2.

3.4. RSAS Score. There was no notable difference in RSAS
score between the two groups at extubation (P > 0:05), while
the score of the research group was notably lower than that

of the control group at 10min after extubation (P < 0:05) as
shown in Figure 3.

3.5. Expression of Melatonin. According to the determina-
tion results of melatonin, the two groups were not notably
different in the expression before anesthesia induction
(P > 0:05), while before extubation and at 20min after extu-
bation, the research group showed notably higher melato-
nin expression than the control group (P < 0:05) as shown
in Figure 4.

3.6. Expression of Serum Cortisol. According to the determi-
nation results of serum cortisol, the two groups were not
notably different in the expression of serum cortisol before
anesthesia induction (P > 0:05), while before extubation
and at 20min after extubation, the research group showed
notably lower cortisol expression than the control group
(P < 0:05) as shown in Figure 5.
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Figure 2: Comparison of mechanical pain threshold between the two groups. (a) Comparison of mechanical pain threshold between the two
groups before anesthesia induction. (b) Comparison of mechanical pain threshold between the two groups at 6 h after operation. (c)
Comparison of mechanical pain threshold between the two groups at 12 h after operation. (d) Comparison of mechanical pain threshold
between the two groups at 24 h after operation. Note: ∗P < 0:05 vs. research group.
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4. Discussion

Hysteromyoma is the tumor with the highest incidence in
female genitalia, and its pathogenesis has always been a hot
clinical research topic. However, there is a lack of clear
research on the pathogenesis of hysteromyoma at home
and abroad. As modern medical technology advances, gene
theory has been gradually verified to be closely related to
many tumor diseases [15, 16]. The activation of oncogenes
and inactivation of tumor suppressor genes and mismatch
repair genes are the basis of tumorigenesis and development.
The overexpression of some oncogenes is caused by gene
amplification. Moreover, oncogenes may gain selective

growth advantages and produce resistance to chemotherapy
drugs, which are all factors affecting the prognosis of
patients with tumor [17, 18].

In this study, we compared VAS score and RSAS score
between the two groups, finding that combination of
0.5μg/kg dexmedetomidine and 40mg parecoxib sodium
can effectively relieve postoperative pain and allergy and
reduce postoperative agitation of patients receiving laparo-
scopic hysteromyomectomy under general anesthesia of
propofol and remifentanil. The occurrence of hyperalgesia
is related to the increased sensitivity of spinal dorsal horn
neurons. After anesthesia and operation, the postsynaptic
potential mediated by N-methyl-D-aspartate receptor
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Figure 3: RSAS score of patients. The RSAS score of the research group was notably lower than that of the control group at 10min after
extubation (P < 0:05). Note: ∗P < 0:05 vs. research group.
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Figure 4: Expression of melatonin. (a) Comparison of melatonin expression between the two groups before anesthesia induction. (b)
Comparison of melatonin expression between the two groups before extubation. (c) Comparison of melatonin expression between the
two groups at 20min after extubation. Note: ∗P < 0:05 vs. research group.
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increases, while the threshold of action potential decreases.
Dexmedetomidine exerts antagonistic effect on N-methyl-
D-aspartate receptor, thus inhibiting hyperalgesia. Its
inhibitory effect on postoperative hyperalgesia in patients
receiving general surgery has also been widely recognized
[19, 20]. Parecoxib sodium is a novel COX-2 inhibitor which
has been put into clinical use in recent years. It metabolizes
into valdecoxib after entering blood and exerts the inhibition
of COX-2 activity in peripheral and central nervous system
[21]. Some studies have shown that patients undergoing lap-
aroscopic hysteromyomectomy have different degrees of
pain hypersensitivity, and the auxiliary use of dexmedetomi-
dine before pneumoperitoneum can significantly ameliorate
the reduction of MPT. Both dexmedetomidine and pare-
coxib sodium can strongly relieve postoperative pain hyper-
sensitivity. The combination of them has better inhibitory
effect on pain hypersensitivity at 24 h after operation, and
the efficacy difference may be related to the mechanism of
drug action [22]. We analyzed the expression of serum
cortisol and melatonin in the two groups, finding that before
anesthesia induction, the two groups were not greatly differ-
ent in the expression of them, while before extubation and at
20min after extubation, the research group showed notably
higher melatonin expression and notably lower serum corti-
sol expression than the control group. Postoperative agita-
tion of patients receiving general anesthesia is mainly
manifested as excitement and disorientation. Its mechanism
is not completely clear at present, and it may be related to
surgical trauma, massive blood loss, postoperative pain,
and catheter indwelling. Improper handling may bring
about serious complications and may be even life-
threatening [23]. Agitation after recovery may be linked to
the change of nervous system excitability. Melatonin is a
crucial hormone regulating the excitability, but surgery,
trauma, and other factors may lead to a decrease in melato-
nin secretion, inhibiting central excitement and inducting
agitation during the recovery period [24].

Through the above study, we have preliminarily verified
that parecoxib sodium combined with dexmedetomidine
can alleviate agitation, hyperalgesia and postoperative pain
in patients undergoing hysteromyomectomy. However, the
study still has some limitations. The drug dose is relatively
single and the sample size is small. Therefore, we hope to
include more samples and increase drug dosage in future
research to make our study more comprehensive and
supplement our research results.

To sum up, parecoxib sodium combined with dexmedeto-
midine can effectively control the postoperative pain of
patients undergoing hysteromyomectomy and reduce their
agitation, which provides reference for future clinical practice.
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Figure 5: Expression of serum cortisol. (a) Comparison of serum cortisol expression between the two groups before anesthesia induction.
(b) Comparison of serum cortisol expression between the two groups before extubation. (c) Comparison of serum cortisol expression
between the two groups at 20min after extubation. Note: ∗P < 0:05 vs. research group.
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Berberine exhibits polytrophic medicinal roles in various diseases and is safe and effective. However, its role and the underlying
mechanism in the replication of herpes simplex virus 1 (HSV-1) remain unreported. This research aimed to determine the
functional mechanisms of berberine on HSV-1 infection. We determined the CC50 (405:11 ± 15:67μM) and IC50 (45:6 ± 6:84
μM) of berberine on HEK293T cells infected with HSV-1. Berberine inhibited the transcription and translation of HSV-1
activity-related genes (gD, ICP-4, ICP-5, and ICP-8) in HSV-1-infected HEK293T cells dose-dependently. Berberine also
inhibited the phosphorylation of MAPK proteins (JNK and p38) and inflammatory responses induced by HSV-1 infection in
HEK293T cells dose-dependently. In conclusion, berberine attenuates HSV-1 replication through its activity, infective ability,
and inflammatory response. Our research indicated that berberine may be a candidate drug for HSV-1 infection.

1. Introduction

Herpes simplex virus (HSV) is a virus with double-stranded
DNA under an envelope structure. HSV usually infects the
body through the mucous membranes, skin, nerve tissue,
and other related lesions. It has two serum subsets, HSV-1
and HSV-2. Infection with HSV-1 mainly leads to pharyngi-
tis, cold sores, and keratitis and in severe cases will cause
sporadic encephalitis and other dangerous diseases. HSV-2
mainly invades through damaged skin and mucous mem-
branes to cause genital herpes [1]. Immediate early gene (α
gene), early gene (β gene), and late gene (γ gene) express
after HSV-1-infected host cells [2]. Infection cell protein
(ICP4) expression peaks 2~4 hours after infection. The
expression of the β gene requires activation of α gene prod-
ucts [3]. ICP5 and ICP8 can regulate viral DNA replication
and participate in γ gene transcription [4]. Glycoprotein D
(gD) is a late protein encoded by the γ gene peaking 12~15
hours after infection, which is the main component of the
virus envelope and helps the virus to absorb and enter the
host cell [5]. All these indicators can be used to evaluate

the activity of HSV-1. Berberine is an alkaloid in the proto-
berberine group that existed in Berberidaceae, Papaveraceae,
and Ranunculaceae [6].

Berberine shows polytrophic medicinal effects, including
anti-inflammatory [7], antibacterial, and antifungal [8]. Ber-
berine acts on a series of signaling pathways to improve dia-
betes [9–11]. Several in vitro studies have found that
berberine diminishes the proliferation, migration, and
metastasis of cancer cells and accelerates apoptosis
[11–13]. It has been found that berberine promotes apopto-
sis by activating ROS-related signals, such as the JNK/p38
signaling pathway. ROS can activate JNK/p38 that block
antiapoptotic protein Bcl-XL expression to release cyto-
chrome C and stimulate caspases [14]. Recently, berberine
shows antiviral properties against influenza A virus (IAV)
[15], respiratory syncytial virus (RSV) [16], chikungunya
virus (CHIKV) [17], enterovirus 71 (EV71, [18], human
papillomavirus (HPV) [19], and herpes simplex 55 virus
(HSV) [20], but its roles in HSV-1 infection is still unknown.

Here, we aimed to explore the antiviral and anti-
inflammatory impact of berberine in HSV-1-infected
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HEK293T cells. It was reported that berberine can dose-
dependently reduce the activity of HSV-1 and HSV-1-
induced secretion of inflammatory factors and the phos-
phorylation of p38 and JNK.

2. Material and Methods

2.1. Material

2.1.1. Cells. HEK293T cells were obtained from Fudan Uni-
versity (Shanghai, China) and kept in DMEM (Roche, Basel,
Switzerland) plus 1% antibiotics and 10% FBS (Solarbio, Bei-

jing, China) under a humid incubator containing 5% CO2 at
37°C.

2.1.2. Drugs and Cell Treatments. Berberine was purchased
from Solarbio (Beijing, China, purity ≥98%). HEK293T cells
were grouped: control group, cells were untreated; HSV
group, infected with 200 pfu/well HSV; HSV+5μM group,
treated with 5μM berberine and 200 pfu/well HSV; HSV
+10μM group, treated with 10μM berberine and 200 pfu/
well HSV; HSV+15μM group, treated with 15μM berberine
and 200 pfu/well HSV. Following 24-h culture, HEK293T
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Figure 1: Berberine antagonizes HSV-1 infection in HEK293T cells. (a) Berberine chemical structure. (b) CCK-8 assay was performed to
explore berberine CC50 in HEK293T cells. (c) Plaque reduction assay was carried out to explore berberine IC50 in HEK293T cells. (d)
Plaque reduction assay was performed to assess the effect of berberine on HSV-1 plaque formation in HEK293T cells. All data are
presented as the means ± SD.

2 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

cells were applied to plaque reduction assay, RT-qPCR,
western blot, and ELISA.

3. Methods

3.1. Cytotoxicity Assay. The cytotoxicity of berberine on
HEK293T cells was determined based on the CCK-8 assay
[21]. The minimum berberine concentration required to
produce a toxic effect on 50% of HEK293T cells (CC50)
was calculated by regression analysis of the dose-response
curve.

3.2. Plaque Reduction Assay. The anti-HSV-1 ability of ber-
berine was evaluated [21] (Jung et al., 2011). In detail,
HEK293T cells (1 × 105/well) were cultured in a 24-well
plate and treated with a corresponding dose of HSV-1 or
berberine for 24 h. DMEM was added with 1% methylcellu-
lose solution and 2% FCS (Solarbio, Beijing, China). Then,
HEK293T cells were cultured under 5% CO2 at 37°C for

72 h. Monolayer cells were fixed and stained with 1% crystal
violet, and formative plaques were counted. Finally, the min-
imum berberine concentration required to inhibit the 50%
cytopathic effect (IC50) was calculated by regression analysis
of the dose-response curve. The selectivity index (SI) was
calculated by CC50/IC50.

3.3. RT-qPCR. RNA was isolated using TRIzol (Takara, Liao-
ning, China), and cDNA was obtained with M-MLV Reverse
Transcriptase (RNase H) kit (Takara, Liaoning, China). RT-
qPCR was performed according to the previous report [22].

3.4. ELISA. Following treatment with corresponding doses of
HSV-1 or berberine for 24h, 1mL of extraction solution
(Beyotime, Nanjing, China) was used to lyse HEK293T cells.
Subsequently, the levels of inflammatory factors in the
supernatant were determined with ELISA kits (Roche, Basel,
Switzerland).
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Figure 2: Berberine decreases HSV-1 activity in HEK293T cells. (a) RT-qPCR was performed to assess the mRNA levels of HSV-1-related
genes, including gD, ICP4, ICP5, and ICP8. (b) Western blot was performed to measure the protein levels of gD, ICP4, ICP5, and ICP8. All
data are presented as the means ± SD. ∗∗P < 0:01 vs. control group, #P < 0:05 vs. HSV group, ΔP < 0:05 vs. HSV+5 μM group, and +P < 0:05
vs. HSV+10 μM group.
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3.5. Western Blot. Proteins were obtained using Cell Lysis
Buffer (Beyotime, Nanjing, China). Western blot was exe-
cuted based on the previous description [23]. The primary
antibodies were ordered from Roche (Basel, Switzerland
1 : 1000) and goat-anti-rabbit IgG secondary antibody was
the secondary antibody (Santa Cruz, San Francisco, USA,
1 : 2000). OD was quantified by Image J (Image J Inc.).

3.6. Statistical Analysis. Data were presented as the mean ±
SD of three independent experiments and processed by
GraphPad 5.0 (GraphPad Software, Inc.). Student’s t-test
or one-way ANOVA plus Tukey post hoc tests were con-
ducted. P < 0:05 indicated statistical significance.

4. Results

4.1. Berberine Antagonizes HSV-1 Infection in HEK293T
Cells. Berberine’s chemical structure formula was analyzed
(Figure 1(a)), and CCK-8 assay was conducted to explore
berberine cytotoxicity on HEK293T cells. The CC50 of ber-
berine on HEK293T cells was calculated to be 405.11
± 15.67μM, according to the regression analysis of the
dose-response curve generated by CCK-8 assay
(Figure 1(b)). In Figure 1(c), the IC50 of berberine on
HEK293T cell infected with HSV-1 was 45.6± 6.84μM
based on plaque reduction assay. The decrease in HSV-1
plaque formation caused by the increase in berberine con-
centration was dose-related, indicating that berberine could
inhibit HSV-1 infection of HEK293T cells. The selective
index (SI) was 7.43-10.86 (in Figure 1(d)).

4.2. Berberine Decreases HSV-1 Activity in HEK293T Cells.
To further analyze the effects of berberine on HSV-1 activity
in HEK293T cells, RT-qPCR and western blot analyses were

followed to assess the levels of HSV-1 infection-related
genes, including g D, ICP-4, ICP-5, and ICP-8. RT-qPCR
manifested that HSV-1 upregulated the transcription of the
four HSV-1 infection-related genes, relative to the control
group (P < 0:01), while berberine antagonized this upregula-
tion effect dose-dependently compared with the HSV group
(Figure 2(a); P < 0:05). Consistently, HSV infection pro-
moted g D, ICP-4, ICP-5, and ICP-8 protein expression,
whereas berberine antagonized this promotion dose-
dependently (Figure 2(b); P < 0:05). Taken together, berber-
ine deceased HSV-1 activity in HEK293T cells.

4.3. Berberine Inhibits JNK and p38 Activation Induced by
HSV-1 Infection. It has been revealed that HSV-1 activated
the MAPK pathway [24, 25]. To further explore the effect
of HSV-1 on the MAPK pathway, the phosphorylation levels
of MAPK-related proteins (JNK and p38) in HEK293T cells
were assessed. Results showed that HSV-1 infection upregu-
lates the phosphorylation levels of JNK (P < 0:01) and p38
(P < 0:001) proteins. Besides, further investigation indicated
that berberine inhibited the HSV-1 infection-induced phos-
phorylation levels of JNK and p38 in HEK293T cells dose-
dependently (P < 0:05; Figure 3). Collectively, berberine
inhibited JNK and p38 activation in HSV-1-treated
HEK293T cells.

4.4. Berberine Decreases Inflammatory Responses Induced by
HSV-1 Infection. HSV-1 triggers inflammatory responses,
such as gingival stomatitis, cold sores, keratitis, and menin-
gitis [26, 27]. To investigate the effect of berberine on
inflammatory responses caused by HSV-1, RT-qPCR and
ELISA were conducted. Our results showed that HSV-1
infection upregulated the mRNA and secretion levels of
cytokines (P < 0:05) and berberine dose-dependently
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Figure 3: Berberine inhibits JNK and p38 activation induced by HSV-1 infection. Western blot was performed to assess the protein levels of
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downregulated their levels triggered by HSV-1 infection
(P < 0:05; Figures 4(a) and 4(b)). Taken together, berberine
inhibited inflammatory responses induced by HSV-1 infec-
tion in HEK293T cells.

5. Discussion

Herpesviruses develop latency or cause oral and genital her-
pes, conjunctivitis, eczema herpeticum, and other diseases in
90% of the population. Herpesvirus also disturbs AIDS treat-

ment under HIV infection [28]. It is important to seek drug
candidates against HSV-1. Here, it was proved that berber-
ine antagonized HSV-1 activity, inflammatory responses,
and MAPK pathway activation in HEK293T cells which
may contribute to the inhibition of HSV-1.

Berberine is cytotoxic to mast cells, rat hepatocytes, and
Vero cells [17, 29, 30]. Cytotoxicity is a factor that must be
considered in seeking a candidate for HSV-1 treatment. A
study showed that berberine exerted an anticancer impact
against HeLa cells with CC50 of 12.08μg/mL whereas
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Figure 4: Berberine decreases inflammatory response induced by HSV-1 infection. (a) RT-qPCR analysis was performed to assess the
mRNA levels of inflammatory cytokines, including IL-1β, IL-6, TNF-α, and IL-8 in HEK293T cells. (b) ELISA assay was carried out to
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exhibited low toxicity (CC50: 71.14μg/mL) on normal Vero
cells [31]. Chin et al. found that the CC50 of berberine
extracted from Coptis chinensis on Vero cells was
392.5μM, the IC50 was 66.49μM, and the SI was 5.9 [32].
Our results found that berberine could effectively inhibit
HSV-1 activity (IC50: 45:6 ± 6:84μM) in HEK293T cells
and was with low toxicity (CC50: 405:11 ± 15:67μM). The
SI was 7.43-10.86, indicating berberine is a relatively safe
and effective candidate for HSV-1 inhibition in vitro.

Our study found that HSV-1 infection upregulates the
phosphorylation levels of JNK and p38 proteins, which was
similar to other’s reports. MAPK pathway activation was
stimulated by HSV-1 infection [24, 25]. Berberine was illus-
trated to reduce the phosphorylation levels of JNK and p38
MAPK under CVB3 infection [33]. Zeng et al. illuminated
the mechanism of berberine weakened host components
JNK-MAPK, ERK-MAPK, and p38-MAPK activation [34].
Li et al. found that berberine retarded IL-33-stimulated cyto-
kine production in RPMCs [29]. It has been demonstrated
that the levels of ROS-related factors were boosted under
IL-1β treatment and pretreatment of berberine exhibited
inhibitory roles. Besides, the decrease in inflammatory
responses indicated that berberine diminished the HSV-1
infection-caused inflammation.

In conclusion, our study showed that berberine inhibited
HSV-1 replication by downregulation of HSV-1 activity,
inflammatory responses, and MAPK pathway activation in
HEK293T cells. Berberine may be a potential candidate for
the treatment of HSV-1 infection.
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Acute pancreatitis (AP) is mainly caused by acinar cells releasing various inflammatory factors, causing inflammatory storms and
leading to severe pancreatitis. Detection methods and treatment targets for pancreatitis are lacking, raising the urgency of
identifying diagnostic markers and therapeutic targets for AP. MicroRNAs (miRNAs) have recently been identified as
molecular markers for various biological processes such as tumors, immunity, and metabolism, and the involvement of
miRNAs in inflammatory responses has been increasingly studied. To explore the role of miRNAs in AP is the primary
objective of this study. By using qPCR on our cerulein-induced pancreatitis cell model, it is worth noting that the change of
miR-146a-5p expression in inflammation-related miRNAs in AP was predominant. Next, ELISA, CCK8, and flow cytometry
were used to inspect the impact of miR-146a-5p on pancreatitis. BiBiServ bioinformatics anticipated binding ability of miR-
146a-5p and 3′-untranslated region (3′UTR) of TNF receptor-associated factor 6 (TRAF6), and the dual-luciferase assay
verified the combination of the two. TRAF6 knockdown verified the effect of TRAF6 on the progression of pancreatitis.
Finally, rescue experiments verified the capability of miR-146a-5p and TRAF6 interaction on the Toll-like receptor 9 (TLR9)/
NOD-like receptor protein 3 (NLRP3) signaling pathway and cell function. The expression of miR-146a-5p decreased in
cerulein-induced AR42J pancreatic acinar cells. Functional experiments verified that miR-146a-5p facilitated the proliferation
of AR42J pancreatic acinar cells and inhibited their apoptosis. Bioinformatic predictions and dual-luciferase experiments
verified the actual binding efficiency between miR-146a-5p and 3′UTR of TRAF6. Our study confirmed that knockdown of
TRAF6 restrained the progression of pancreatitis, and knockdown of TRAF6 rescued pancreatitis caused by miR-146a-5p
downregulation by the TLR9/NLRP3 signaling pathway. Therefore, downregulation of miR-146a-5p in the induced pancreatitis
cell model promotes the progression of pancreatitis via the TLR9/TRAF6/NLRP3 signaling pathway. There is potential for
miR-146a-5p to serve as a diagnostic marker and therapeutic nucleic acid drug for AP.

1. Introduction

Acute pancreatitis (AP) is a common acute abdominal con-
dition in gastroenterology. It is characterized by rapid onset,
severe illness, and rapid change. If not actively treated, it can
be life-threatening [1]. Pancreatitis is mainly diagnosed by
detecting serum amylase and lipase. However, this diagnosis
is often missed, especially if the patient has this triglyceride
[2]. Therefore, there is an urgent need to identify more accu-
rate pancreatitis-related molecular markers.

Recently, continuously increasing researches have
expounded that microRNAs (miRNAs) play important roles
in acinar cell damage and inflammation [3]. Hu et al. found
that microRNA-19b (miR-19b) mimic inhibited the survival
rate of AR42J cells and increased their expression in AP tis-
sues [4]. Zhang et al. showed that miR-216a activates
phosphoinositide-3-kinase (PI3K)/AKT signaling via the
target phosphatase-and-tensin homolog to cause pancreatic
tissue damage and inflammation [5]. By constructing an
miR-21 knockout mouse model, Ma et al. proved that
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Figure 1: Continued.
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miR-21 deletion repressed pancreatic injury and inflamma-
tion [6].

TNF receptor-associated factor 6 (TRAF6) belongs to the
TNF receptor-associated factor family. It can activate the
NF-κB signaling pathway and is also an E3 ligase. Therefore,
TRAF6 as a signal pathway regulator refer to miscellaneous
biological processes such as ubiquitination, autophagy, and
inflammation [7, 8]. Ellipticine can treat acute pancreatitis
by inhibiting the expression of TRAF6 [9]. It is well known
that lipopolysaccharide (LPS) can bind to the TLR4 receptor
on the cell membrane, recruiting myeloid differentiation fac-
tor 88 (MyD88) and TRAF6, activating a series of signaling
pathways, and including inflammation [10].

Inflammasomes are a type of macromolecular complex
in cells, mainly composed of the NLR protein family, associ-
ated speck-like protein containing a CARD (ASC), and
downstream protein caspase-1 [11]. NLRP3 inflammasome
refers to various inflammatory bowel diseases, inflammatory
nephropathy, and autoimmune diseases [12–14]. Hoque
et al. found that the NLRP3 inflammasome is highly corre-
lated with the occurrence of AP [15]. At the same time,
many studies have shown that TRAF6 regulates the activity

of NLRP3 inflammasome to regulate neuroinflammation,
gouty arthritis, and other inflammatory responses [16–18].
However, the relationship between TRAF6 and NLRP3
inflammasome in pancreatitis has not yet been studied.

In light of the existing state of knowledge, the present
study elucidated that miR-146a-5p regulates the NLRP3 sig-
naling pathway through the target TRAF6 to stimulate the
development of pancreatitis.

2. Materials and Methods

2.1. Cell Culture and Transfection. AR42J rat acinar cells
(purchased from ATCC) and 293T cell lines (from own lab-
oratory) were preserved in DMEM medium, and AR42J
pancreatic cells were treated with 0nM, 2.5 nM, 5nM, and
10nM cerulein (Solarbio, C6660) to construct a pancreatitis
model. 50 nM of miR-146a-5p mimic or inhibitor and si-
TRAF6 were transfected into AR42J acinar cells using Lipo-
fectamine 2000 (Invitrogen). See Supplementary Table I for
RNA sequence. 293T cells were used for the dual-luciferase
experiments.
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Figure 1: miR-146a-5p is highly expressed in cerulein-induced pancreatitis. (a–c) After treating AR42J cells with 0, 2.5, 5, and 10 nM
cerulein, ELISA detected the levels of inflammatory factors in the culture medium, with 10μg/mL LPS and 10mM ATP as positive
controls. (d, e) The expression of inflammation-related miRNAs in AR42J cells with 10 nM cerulein was detected by RT-qPCR, with
10μg/mL LPS and 10mM ATP as positive controls. (f) RT-qPCR was used for disclosing the expression of miR-146a-5p in cerulein-
induced AR42J cells with miR-146a-5p mimics or mimics nc. (g–i) ELISA detected the expression of inflammatory factors in the culture
medium of cerulein-induced AR42J cells. (j) CCK8 detected the proliferation of cerulein-induced AR42J cells. (k) Flow cytometry (FCM)
assay detected the apoptosis of cerulein-induced AR42J cells. ∗p < 0:05, ∗∗p < 0:01, and ∗∗∗p < 0:001. The experiments were repeated
three times, the statistical test was a two-tailed test, and errors bars in the figures represent standard deviation (SD).
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2.2. Enzyme-Linked Immunosorbent Assay (ELISA). The
standard protein and supernatant were added to the coated
ELISA plates. Perform corresponding operations according
to the ELISA kit and the 450nm reading recorded with an
enzyme-linked immunoassay. The detection indicators are
TNF-α (Beyotime, PT518), IL-1β (Thermo, BMS224-2),
and IL-18 (Abcam, ab215539).

2.3. RT-qPCR. The total RNA of cerulein-treated AR42J aci-
nar cells was extracted with TRIzol reagent. The extracted
RNA was reverse-transcribed into cDNA using Random
Primer (hexadeoxyribonucleotide mix: pd(N)6; Takara Bio,
Japan). PCR experiments were carried out under the follow-
ing conditions: 95°C for 10min, 55°C for 2min, 72°C for
2min, followed by 40 cycles of 95°C for 15 s and 60°C for
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Figure 2: miR-146a-5p targets TRAF6. (a) miR-146a-5p and TRAF6-3′UTR binding site as indicated by prediction software BiBiServ and
RNAfold. (b) Dual-luciferase detection of miR-146a-5p and TRAF6-3′UTR binding. (c, d) qPCR and WB detection of the expression of
TRAF6 after adding miR-146a-5p mimics. Band analysis software is ImageJ (version 1.8.0_172). (e, f) qPCR and WB inspection of the
expression of TRAF6 in AR42J cells treated with 0, 2.5, 5, and 10 nM cerulein. Band analysis software is ImageJ (version 1.8.0_172). ∗p
< 0:05, ∗∗p < 0:01, and ∗∗∗p < 0:001. The experiments were repeated three times, the statistical test was a two-tailed test, and errors bars
in the figures represent standard deviation (SD).
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Figure 3: Continued.

5Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

1min. See Supplementary Table II for PCR primer. The
expression levels of TRAF6 and microRNA were calculated
using the 2-ΔΔCt method. GAPDH and 18sRNA are
internal controls for mRNA and microRNAs, respectively.

2.4. Western Blotting (WB). According to the instructions,
cerulein-treated AR42J acinar cells with RIPA buffer (Beyo-
time) and 30μg denatured proteins were subjected to detect
protein expression. Membrane with protein attached was
incubated with primary antibodies against TRAF6 (1:1000,
AB137452, Abcam), TLR9 (1 : 200, ab134368, Abcam),
NLRP3 (1 : 1000, ab260017, Abcam), caspase-1 (1 : 1000,
ab179515, Abcam), ASC (1 : 1000, ab283684, Abcam), and
GSDMD (1 : 1000, ab210070, Abcam). The loading control
was GAPDH (1 : 10000, ab181602, Abcam). Band analysis
software is ImageJ (version 1.8.0_172).

2.5. Dual-Luciferase Assay. The TRAF6-3′UTR sequence
(WT) and the TRAF6-3′UTR mutant sequence (MUT) were
subcloned into the psiCHECK2 vector (Synbio Technolo-
gies). psiCHECK2-TRAF6-WT or psiCHECK2-TRAF6-
MUT and miR-146a-5p mimics or control (mimics NC)
was cotransfected to 293T cells with Lipofectamine 2000
(Invitrogen). After 48 h, the dual-luciferase reporter kit (Pro-
mega, A6002) was used on handling transfected cells. Firefly
fluorescence and Renilla fluorescence values were estimated
with a microplate reader (Varioskan LUX, Thermo).

2.6. Cell Proliferation Rate Assays. 10μL Cell Counting Kit-8
regent (Beyotime, C0038) was added to 5 × 103 cells per well
at 0, 24, 48, and 72h. Cells were collected, centrifuged at a
low speed (JIDI-5R, Guangzhou JiDi Instrument Co., Ltd.,
China). The optical density was measured with an enzyme-
labeled instrument (Thermo Fisher Scientific) at 450nm.

2.7. Cell Apoptosis Assay. According to the procedure of
Annexin V-FITC Apoptosis Detection Kit (Beyotime,
C1062S). FITC Annexin V (5μL) was added to cells (106

cells/mL) for incubation, followed by the addition of propi-
dium iodide (5μL). The experiment was conducted under
incubation conditions—dark, 15min, and 23 ± 2°C. Apopto-
sis was assessed by flow cytometry (FCM; BD Biosciences).

2.8. Statistical Analysis. Data are expressed as the mean ±
standard deviation. Where there were more than two groups
of data, statistical analysis was performed using one-way
analysis of variance (ANOVA) and Dunnett’s post hoc test,
and Student’s t-test was used to analyze the means of two
groups. All experiments were repeated three times.

3. Results

3.1. miR-146a-5p Is Highly Expressed in Cerulein-Induced
Pancreatitis. In order to find microRNAs associated with
acute pancreatitis, first, AR42J acinar cells were dealt with
0, 2.5, 5, and 10nM cerulein to construct a cerulein-
induced pancreatitis model. 10μg/mL LPS and 10mM
ATP were positive controls. IL-1β, IL-18, and TNF-α
inflammatory factors were raised in the AR42J acinar cells
with the concentration of cerulein (Figures 1(a)–1(c)). And
the expression of miR-146-5p had the most significant
reduction in cerulein-induced pancreatitis in inflammation-
related miRNAs—miR-34a-5p, miR-146a-5p, miR-150-5p,
and miR-181b-5p (Figures 1(d) and 1(e)).

3.2. miR-146a-5p Suppresses the Development of Pancreatitis.
To explore the effect of miR-146a-5p on the progression of
pancreatitis, we transfected mimics NC and miR-146a-5p
mimics into AR42J acinar cells treated with 10 nM cerulein.
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Figure 3: Knockdown of TRAF6 inhibits the development of pancreatitis. (a) 24 h after transfection of TRAF6-siRNA, qPCR detects the
knockdown efficiency of siRNA on TRAF6 in 10 nM cerulein-induced AR42J cells. (b) 48 h after transfection of TRAF6-siRNA, WB
detected the knockdown efficiency of siRNA on TRAF6 in 10 nM cerulein-induced AR42J cells. Band analysis software is ImageJ (version
1.8.0_172). (c–e) The levels of inflammatory factors in the culture medium were detected by ELISA in 10 nM cerulein-induced AR42J
cells. (f) CCK8 detected the effect of TRAF6 knockdown on cell proliferation in 10 nM cerulein-induced AR42J cells. (g) FCM detected
the influence of TRAF6 knockdown on cell death in 10 nM cerulein-induced AR42J cells. ∗p < 0:05, ∗∗p < 0:01, and ∗∗∗p < 0:001. The
experiments were repeated three times, the statistical test was a two-tailed test, and errors bars in the figures represent standard deviation
(SD).
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After the addition of the mimics, the expression of miR-
146a-5p was obviously exaltation (Figure 1(f)). miR-146a-
5p overexpression inhibited the expression of IL-1β, IL-18,
and TNF-α inflammatory factors in cerulein-treated AR42J
acinar cells (Figures 1(g)–1(i)). Upregulated miR-146a-5p
boosted the proliferation of AR42J acinar cells treated with
cerulein (Figure 1(j)). Moreover, the results of FCM pre-
sented that miR-146a-5p overexpression curbed apoptosis
in cerulein-treated AR42J acinar cells (Figure 1(k)). In sum-
mary, miR-146a-5p restrained the development of
pancreatitis.

3.3. The miR-146a-5p miRNA Targets TRAF6.Next, we needed
to study themechanism bywhichmiR-146a-5p inhibits pancre-
atitis. It is known that the mechanism of LPS-induced acute
inflammation is mainly through the activation of the inflamma-
tory pathway by TRAF6 protein to release inflammatory factors
[19]. Therefore, we supposed that TRAF6 was activated in
cerulein-induced pancreatitis. The BiBiServ biological analysis
software results exhibited miR-146a-5p binding to the TRAF6
protein 3′UTR, and RNAfold software predicted the secondary

structure of the miR-146a-5p binding TRAF6 (Figure 2(a)).
Dual-luciferase experiment certified the binding site of miR-
146a-5p to TRAF6 3′UTR (Figure 2(b)). The results of qPCR
and WB presented that miR-146a-5p can effectively subside
the expression of TRAF6, and miR-146a-5p inhibitor can sig-
nificantly increase the expression of TRAF6 (Figures 2(c) and
2(d)). At the same time, we tested the expression of TRAF6 in
the cerulein induction model, and the results showed that
TRAF6 increased with an increase in treatment concentration
(Figures 2(e) and 2(f)), which was negatively correlated with
the previous expression of miR-146a-5p.

3.4. TRAF6 Knockdown Inhibits the Development of
Pancreatitis. To verify that TRAF6 knockdown can inhibit
the development of pancreatitis, we designed three siRNAs
and transfected them into cerulein-induced AR42J acinar
cells. qPCR and WB detection results showed three siR-
NAs had knockdown effects on TRAF6, and the knock-
down effects of siRNA2 and siRNA3 were more
significant (Figures 3(a) and 3(b)). Therefore, we chose
siRNA2 and siRNA3 for the follow-up experiments. ELISA
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Figure 4: miR-146a-5p downregulation promotes the progression of pancreatitis via the TLR9/TRAF6/NLRP3 signaling pathway. (a–c)
ELISA detected the levels of inflammatory factors in the culture medium. (d) The CCK8 assay detected proliferation. (e) FCM detected
cell death. (f) Western blot detected the levels of TRAF6, TLR9, ASC, NLRP3, pro-caspase-1, cleaved-caspase-1 and GSDMD. Band
analysis software is ImageJ (version 1.8.0_172). ∗p < 0:05, ∗∗p < 0:01, and ∗∗∗p < 0:001. The experiments were repeated three times, the
statistical test was a two-tailed test, and errors bars in the figures represent standard deviation (SD).
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results showed that TRAF6 knockdown inhibited the
expression of IL-1β, IL-18, and TNF-α inflammatory fac-
tors in AR42J acinar cells induced by cerulein
(Figures 3(c)–3(e)). The results of CCK8 showed that
TRAF6 knockdown could promote the proliferation of
cerulein-induced AR42J acinar cells (Figure 3(f)). The
results of apoptosis experiments exhibited that knockdown
of TRAF6 inhibited the apoptosis of AR42J acinar cells
induced by cerulein (Figure 3(g)). In summary, TRAF6
knockdown inhibited the development of pancreatitis.

3.5. Downregulation of miR-146a-5p Promotes the
Progression of Pancreatitis via the TLR9/TRAF6/NLRP3
Signaling Pathway. To confirm that TRAF6 advanced the
progression of pancreatitis, we designed a rescue experi-
ment. In the AR42J acinar cells induced by cerulein, the
miR-146a-5p antagonist was transfected, and TRAF6 was
knocked down on this basis. The function of the miR-
146a-5p/TRAF6 axis on apoptosis was verified by ELISA,
CCK8, and cell apoptosis experiments. Knockdown of
TRAF6 restored that miR-146a-5p suppressed the release
of IL-1β, IL-18, and TNF-α inflammatory factor in
AR42J acinar cells with cerulein (Figures 4(a)–4(e)).
Therefore, we deduced that miR-146a-5p downregulation
could accelerate the progression of pancreatitis through
the target TRAF6. Furthermore, we wanted to identify
the signaling pathway by which miR-146a-5p/TRAF6 reg-
ulates pancreatitis. Hoque et al. found that acute pancrea-
titis and pancreatic acinar cell death are related to TLR9
and NLRP3 inflammasomes [15]. Therefore, in the rescue
experiment, we used WB to detect the expression of the

TLR9 and NLRP3 inflammasome-associated proteins
(NLRP3, ASC, GSDMD, pro-caspase-1, and cleaved-cas-
pase-1). Knockdown of TRAF6 restored the miR-146a-5p
inhibitor to the NLRP3 signaling pathway in cerulein-
induced AR42J acinar cells (Figure 4(f)). Our observations
therefore confirmed that the missing miR-146a-5p pushed
the progression of pancreatitis via the TLR9/TRAF6/
NLRP3 signaling pathway (Figure 5(a)).

4. Discussion

AP is characterized by the destruction of acinar cells, which
contributes to the release of several inflammatory factors
[20]. Inflammatory cells are then recruited to the pancreas,
activating digestive proteases prematurely and triggering a
systemic inflammatory response and, potentially, life-
threatening multiple organ failure [13]. Pancreatic acinar
cell damage may be caused by the programmed death of aci-
nar cells, including apoptosis, autophagy, pyroptosis, and
necrosis [20–22]. Pyroptosis is highly related to the inflam-
matory response. Therefore, pancreatic acinar cell pyropto-
sis may be a key factor in the pathogenesis of AP.

In our study, we first constructed a model of cerulein-
induced acinar cell pyroptosis. The upregulated expression
of TNF-α, IL-18, and IL-1β indicated that cerulein success-
fully induced acinar cell pyroptosis. Given that microRNAs
are involved in multiple inflammations as a regulator, we
selected 4 miRNAs related to pancreatitis and relatively con-
servative sequences based on literature reports—comprising
miR-34a-5p, miR-146a-5p, miR-150-5p, and miR-181b-5p,
which were induced by cerulein detection in AR42J cells
[23, 24]. miR-146a-5p is obviously repressing in the pancre-
atitis group, and subsequent functional experiments have
testified that miR-146a-5p can inhibit the progression of
pancreatitis. This is consistent with our results. Stem cell-
derived exosomal miR-146a-5p reduces microglial-
mediated neuroinflammation via suppression of the
IRAK1/TRAF6 signaling pathway after ischemic stroke [25].

The function of miRNA is to pair the target mRNA-3′
UTR through base complementation and form a silencing
to degrade mRNA [26]. Bioinformatics is a reliable method
for candidate gene analysis. Wenjie et al. utilized computer
algorithms to discover that sensory ion channels TRPC3
and TRPC7 could be the potential therapeutic targets in
pancreatic cancer [27]. So, we used biological analysis pre-
diction software, BiBiServ, to predict that miR-146a-5p can
bind to TRAF6 and that miR-146a-5p can significantly
downregulate the expression of TRAF6. At the same time,
we utilized RNAfold software to predict the secondary struc-
ture of TRAF6 mRNA and illustrated the binding sites of
miR-146a-5p and TRAF6 in the structure. Furthermore, we
confirmed that downregulation of TRAF6 can inhibit the
progression of pancreatitis. Similarly, Chen et al. also
unearthed that TRAF6 expedites the development of pancre-
atitis [28]. Xing et al. confirmed that TRAF6 can mediate the
initiation of the NLRP3 inflammasome [18]. Sensory ion
channels TRPC3 and TRPC7 could be the potential
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Figure 5: Cartoon illustration of miR-146a-5p regulating acute
pancreatitis.
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therapeutic targets in pancreatic cancer and TRPC3 might
be involved in dysregulating mitochondrial functions during
pancreatic adenocarcinoma genesis.

Studies have shown that acinar cell apoptosis does not
lead to pancreatitis, whereas acinar cell pyroptosis or necro-
sis can induce pancreatitis [29, 30]. Our results also show
that the process of cerulein-induced pancreatitis mainly acti-
vates the NLRP3 inflammasome, cleaves caspase-1, activates
GSDMD, and leads to the development of pancreatitis. Gao
et al. confirmed that the activation of NLRP3 inflammasome
and GSDMD in acinar cells triggers acute pancreatitis and
systemic inflammation [31]. Our rescue experiment testified
that miR-146a-5p downregulation can activate the further
exacerbation of pancreatitis and activate the NLRP3 signal-
ing pathway through the target TRAF6. Other studies have
also confirmed that downregulation of TRAF6 by miR-
146a-5p regulates pyroptosis and autophagy [17, 32, 33].
Therefore, miR-146a-5p may become a nucleic acid drug
for inhibiting acute pancreatitis, which requires us to further
conduct animal experiments and clinical trials.

Meanwhile, our study also revealed that the expression
of TLR9 was upregulated in cerulein-induced pancreatitis.
Zhao et al. also found that TLR9 can activate the NLRP3
inflammasome in mice with allergic airway inflammation
[34]. However, how TLR9 and inflammasomes are activated
in AP requires further study.
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Objective. The purpose is to investigate the influence of nifedipine, labetalol, and magnesium sulfate on blood pressure control,
blood coagulation, and maternal and infant outcome in those suffering from pregnancy-induced hypertension (PIH). Methods.
From January 2019 to April 2021, 100 participants with PIH in our center were randomly assigned to a control group and a
research group. As a control, nifedipine combined with magnesium sulfate was administered. Nifedipine, labetalol, and
magnesium sulfate were administered to the research group. The curative effect, blood pressure level, blood coagulation
function, vascular endothelial function, and pregnancy comparisons were made between the two groups. Results. Based on the
results of the study, the effective rate totaled 92.00%, while as for the control group, it was 80.0%, which indicates that there
was a statistically significant difference between the effective rates of the research group and that of the control group, and the
difference was statistically significant (P < 0:05). Blood pressure and blood coagulation function did not differ significantly
between the two groups before treatment, and the difference was not statistically significant (P > 0:05). After treatment, both
groups experienced a significant drop in systolic and diastolic blood pressure. After treatment, a higher PT index was found in
the research group than in the control group. Likewise, the Fbg, D-D, and PLT were lower compared to those in the control
group, and the difference was statistically significant (P < 0:05). Neither group had significantly different vascular endothelial
function before treatment, and the difference was not statistically significant (P > 0:05). After treatment, the ET-1 of the two
groups decreased, and the level of NO increased. There was a lower ET-1 in the research group than in the control group as
well as a higher NO level in the research group than in the control group, and the difference was statistically significant
(P < 0:05). Compared with the pregnancy outcome, in comparison to the controls, the research group had a higher vaginal
delivery rate. Significantly, fewer cases of fetal distress, intrauterine asphyxia, and placental abruption were reported in the
research group than in the control group, and the difference was statistically significant (P < 0:05). Conclusion. Nifedipine, in
combination with magnesium sulfate and labetalol, is effective at treating PIH, reducing blood pressure, improving blood
coagulation, preventing cardiovascular events and vascular endothelial function, and further improve the pregnancy outcome.

1. Introduction

With the improvement of living standards, the weight of
many pregnant women has increased excessively during
pregnancy. Annually, the number of hypertensive disorders
complicating pregnancy (HDCP) increases due to the lack
of regular antenatal examinations and uneven distribution

of medical resources [1, 2]. HDCP can be divided into gesta-
tional hypertension, preeclampsia-eclampsia, and eclampsia
if blood pressure rises after 20 weeks of pregnancy. If hyper-
tension persists until 12 weeks after delivery, it can be
divided into some categories: high blood pressure with pre-
eclampsia and chronic hypertension during pregnancy. The
survey shows that the global incidence of pregnancy induced
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hypertension is as high as 8%; the incidence of preeclampsia
is 7% [3, 4]. According to statistics, the incidence of (HDSP)
in China is 5% to 12%. The World Health Organization
(WHO) has released statistics that about 50, 000 women
around the world die of epilepsy and its complications every
year [5]. The risk is higher in less developed regions such as
Asia and Africa, where the case fatality rate of patients with
pregnancy induced hypertension (PIH) is about 10%. In less
developed areas, the case fatality rate of PIHin Latin Amer-
ica is about 25% [6]. Therefore, as a global disease, PIH
has attracted widespread attention because of its serious
threat to maternal and infant safety.

Fetal growth restriction may occur when β-blockers
are used during early pregnancy. The side effects of the
drug are scalp tingling and vomiting. Nifedipine was often
chosen as calcium channel blockers because it can effec-
tively inhibit calcium influx, dilate blood vessels, and relax
smooth muscle. Clinical use of nifedipine can prevent
threatened preterm labor. Importantly the side effects on
pregnant women are relatively small because of the long
antihypertensive stable duration and the small effect on
the circulatory system. The main drugs of PIH treatment
commonly used in clinic are magnesium sulfate, which
has the effects of sedation, spasmolysis, and antihyperten-
sive. But due to the single use of drugs, it is difficult to
achieve the ideal therapeutic effect [7]. Labetalol, a com-
monly used α-receptor and β-receptor blocker, could act
directly on the blood vessels of the human body, reducing
the patient’s blood pressure by dilating the blood vessels.
While the cardiac output and pulse output will not change
during the treatment.

During the treatment, side effects such as palpitation and
headache may occur after taking nifedipine. At present, it is
considered that nifedipine and labetalol have good therapeu-
tic effect onPIH. Placental blood flow rarely changes, effec-
tively prevent blood pressure from falling too much,
having the effect of increasing prostacyclin level, antiplatelet
aggregation, and promoting fetal lung maturation. It is often
recommended for patients with moderate and severe PIH.
Labetalol’s advantage lies in the effective control of blood
pressure in pregnant women. While the placenta is not
affected by drugs, which can have a satisfactory effect on
the perinatal final maternal and infant outcome [8, 9]. Labe-
talol, as a first-line drug for reducing blood pressure in PIH,
is mainly due to its mild effect on lowering blood pressure
and does not affect placental blood flow, which will not lead
to symptoms such as low blood pressure and rapid heart rate
[10, 11]. Therefore, the present study outlines the clinical
effectiveness of nifedipine and magnesium sulfate combined
with labetalol in PIH, to guide clinical decision making in
the selection of a better treatment plan.

2. Materials and Methods

2.1. General Information. Our hospital treated 100 patients
with pregnancy-induced hypertension from January 2019
to April 2021, and the study focused on their outcomes. A
random sampling of patients was taken into account to
divide them into the study and control groups. The control

group was treated with Adalat combined with magnesium
sulfate, and the research group was treated with the combi-
nation of Adalat, labetone, and magnesium sulfate. An aver-
age age of (32:56 ± 3:42) years was found in the control
group, which ranged from 20 to 44 years old; a 24-year-old
was the youngest participant in the study, followed by an
average of 34 years old, and a 44-year-old was the oldest.
There was no significant difference in the general data
between the two groups, and the difference was not statisti-
cally significant (P > 0:05). Patients signed informed con-
sent, and the study was approved by the Medical Ethics
Association of the hospital where it was conducted.

2.2. Inclusion Criteria. (i) It accords with the diagnostic
manifestation of pregnancy-induced hypertension in west-
ern medicine, specifically referring to the diagnostic guide-
lines of HDCP and the 9th edition of Obstetrics and
Gynecology [12, 13]; (ii) all patients are singleton pregnancy,
and the fetus and various indexes are normal after related
imaging examination; (iii) the patients have no hyperten-
sion, diabetes, and abnormal blood coagulation in the past
years; (iv) the clinical data of the patients in this study are
complete

2.3. Exclusion Criteria. (i) This study involved patients who
are allergic to certain drugs; (ii) patients with other major
organ diseases and/or neuropsychiatric diseases; (iii)
patients having hematological tumors or other blood system
diseases; (iv) patients with insufficient clinical data or with-
drawal; (v) patients with severe injuries to liver, kidney,
and other organs

2.4. Methods. After admission, all patients were given rou-
tine diet education guidance, close monitoring of blood pres-
sure. Medical officers assist patients to complete the relevant
examinations. Medical staff should carefully record the
blood pressure control of patients, instruct patients to main-
tain a light diet, emphasize dietary taboos and matters need-
ing attention in life, supervise the use of drugs, and
strengthen the observation of adverse drug reactions.

Drug regimen for patients in the control group: magne-
sium sulfate injection (Anyang Kyushu Pharmaceutical
Co., Ltd., national drug standard H41023035, specification:
10ml:2.5 g), 20ml was mixed with 100m1 5% glucose injec-
tion (Jiangsu Shenlong Pharmaceutical Co., Ltd., national
medicine standard word H32024365, specification: 100ml/
bag), intravenous drip for 0.5 h, and then 60ml magnesium
sulfate injection combined with 1000m1 5% glucose injec-
tion was mixed with intravenous drip for maintenance treat-
ment. At the same time, patients were given oral nifedipine
tablets (Guangdong South China Pharmaceutical Group
Co., Ltd., Chinese medicine H44023986, specification: 10
mg × 100 s) 3 times a day, 10mg each time.

The patients in the research group were given oral labe-
talol hydrochloride tablets (Zhengzhou Kaili Pharmaceutical
Co., Ltd., Chinese medicine H41024906, specification: 50
mg × 20 tablets × 2 plates) 3 times a day, 100mg each time.
For the following two weeks of treatment, both groups were
evaluated for clinical efficacy.

2 Computational and Mathematical Methods in Medicine
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2.5. Observation Index

2.5.1. Evaluation of Curative Effect [13]. Effective: (i) as a
result of the treatment, the systolic blood pressure was below
140mmHg; the diastolic blood pressure was below
90mmHg, and the urine protein<0.3 g/24 h, 90% >N ≥
66:67%. (ii) systolic blood pressure 140~150mmHg, dia-
stolic blood pressure 90~100mmHg, and urinary protein
<1.0 g/24 h, 66:7% >N ≥ 33:3% after 7 days of treatment.

Ineffective: (iii) after 7 days of treatment, the systolic
blood pressure fluctuated in 150~160mmHg, and diastolic
blood pressure 100~110mmHg, albuminuria ≥ 1 g, 24 h, N
< 33:3%. Total effective rate = ðnumber of effective cases +
effective casesÞ/total number of cases × 100%.

2.5.2. Blood Coagulation Index and Vascular Endothelial
Function. Prothrombin time (PT) and fibrinogen (Fbg) were
detected before treatment and 2 weeks after treatment (CA-
7000 automatic blood coagulation analyzer). The D-dimer
(D-dimer) (enzyme-linked immunosorbent assay), platelet
count (PLT), endothelin-1 (ET-1), and nitric oxide (NO)
were detected.

2.5.3. Blood Pressure Level and Pregnancy Outcome.
Researchers recorded both groups’ blood pressure levels
before and after treatments. At the same time, the pregnancy
outcomes of the two groups were recorded (vaginal delivery,
fetal distress, intrauterine asphyxia, placental abruption).

2.6. Statistical Analysis. SPSS23.0 statistical software was
adopted to process the data. The measurement data were
presented as (�x ± s). The group design t-test was adopted
for the comparison, and the analysis of variance was adopted
for the comparison between multiple groups. Dunnett’s test
was adopted for comparison with the control group. The
counting data were presented in the number of cases and
the percentage, χ2 test was adopted for comparison between
groups, and bilateral test was employed for all statistical
tests.

3. Results

3.1. Comparative Study of Curative Effects. There were no
patients who quit the study. In the research group, a 92.00%
success rate was achieved in 31 cases whose effectiveness was
marked; 15 cases whose effectiveness was marked, and four
cases whose effectiveness was ineffective. The comparison
group had 28 cases that were significantly effective, 12 cases
that were effective, and 10 cases that were ineffective, with an
efficacy rate of 80%. Studies conducted in the research group
had a higher efficacy rate than in the control group, and the
difference was statistically significant (P < 0:05). Figure 1
shows all the results of the data analysis.

3.2. Blood Pressure Level Comparison. A comparison of
blood pressure levels between the two groups before and 2
weeks after treatment did not reveal any significant differ-
ences, and the difference was not statistically significant
(P > 0:05). Systolic and diastolic blood pressure decreased
significantly after treatment in both groups. Significantly,

in the research group, both systolic and diastolic blood pres-
sures were higher than those in the control group, with the
difference being statistically significant, and the difference
was statistically significant (P < 0:05). The data results are
summarized in Table 1.

3.3. Comparison of Blood Coagulation Function Indexes. Nei-
ther group had significantly different indexes of blood coag-
ulation before treatment, and the difference was not
statistically significant (P > 0:05). A significant increase in
PT indexes was observed in the research group after treat-
ment, and the Fbg, D-D, and PLT were significantly lower
than those in the control group. Differences between them
were statistically significant, and the difference was statisti-
cally significant (P < 0:05). All the data results are shown
in Table 2.

3.4. Comparison of Vascular Endothelial Function. Prior to
treatment, there were no significant differences in vascular
endothelial function between the two groups, and the differ-
ence was not statistically significant (P > 0:05). After treat-
ment, the level of ET-1 of the two groups decreased, and the
level of NO increased. Compared to the control group, the
research group’s ET-1 was lower, and its level of NO was
higher than the control group’s; the difference was statistically
significant (P < 0:05). The results of the data analysis are pre-
sented in Table 3.

3.5. Comparison of Pregnancy Outcome. Compared with the
pregnancy outcome, it was more common for women in the
research group to give birth via vaginal delivery than in the
control group, and the incidences of fetal distress, intrauter-
ine asphyxia, and placental abruption in the research group
were lower than those in the control group, and the differ-
ence was statistically significant (P < 0:05). All the data
results are shown in Figure 2.

4. Discussion

HDCP is a kind of disease which coexists with hypertension
and pregnancy, in addition to preeclampsia and gestational
hypertension, chronic hypertension related to preeclampsia,
eclampsia, and chronic hypertension complicating preg-
nancy are also among its complications. The main clinical
manifestations are urinary protein, elevated blood pressure,
and limb edema, which could lead to a series of conse-
quences, such as fetal growth retardation, placental abrup-
tion, preterm delivery, fetal death, and postpartum
hemorrhage. In severe cases, serious complications including
heart failure, convulsion, liver failure, coma, and renal fail-
ure may occur [14]. Among the causes of maternal death,
HDCP ranked second [15]. Preeclampsia is defined as fol-
lows: after 20 weeks of pregnancy, expecting mothers with-
out history of hypertension find that their blood pressure has
increased
(-
systolic blood pressure ≥ 140mmHg and/or diastolic blood
pressure ≥ 90mmHg), accompanied by changes in urinary
protein or pathological changes in the vital organ system, or
placental-fetal lesions, accounting for about 3.9% of all

3Computational and Mathematical Methods in Medicine
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Figure 1: Comparison of curative effect between the two groups.

Table 1: Comparison of blood pressure between the two groups.

Grouping N
Systolic blood pressure Diastolic pressure

Before treatment After treatment Before treatment After treatment

Control group 50 164:83 ± 14:95 134:39 ± 12:44 99:94 ± 7:53 83:19 ± 5:86

Research group 50 165:39 ± 15:44 120:39 ± 9:83 99:91 ± 7:55 78:39 ± 5:64
t value 0.184 6.243 0.019 4.173

P value >0.05 <0.05 >0.05 <0.05

Table 2: Comparison of coagulation function indexes between the two groups.

Grouping N

PT (s) Fbg (g/L) D-D (mg/L) PLT (x109/L)
Before

treatment
After

treatment
Before

treatment
After

treatment
Before

treatment
After

treatment
Before

treatment
After

Treatment

Control
group

50 8:01 ± 1:05 10:93 ± 1:22 7:68 ± 1:34 5:49 ± 1:21 1:52 ± 0:36 1:29 ± 0:31 52:23 ± 24:05 39:94 ± 23:11

Research
group

50 7:99 ± 1:04 12:48 ± 1:21 7:71 ± 1:36 4:12 ± 0:66 1:55 ± 0:40 0:73 ± 0:36 52:97 ± 24:11 18:49 ± 9:31

t value 0.096 6.378 0.111 7.028 0.394 8.335 0.154 6.087

P value 0.924 <0.05 0.912 <0.05 0.694 <0.05 0.878 <0.05

Table 3: Comparison of vascular endothelial function between the two groups.

Grouping N
ET-1 (ng/L) NO (Mol/L)

Before treatment After treatment Before treatment After treatment

Control group 50 69:96 ± 3:45 57:76 ± 3:64 40:64 ± 3:23 70:56 ± 4:64

Research group 50 69:42 ± 2:64 39:91 ± 2:95 40:65 ± 3:18 50:85 ± 3:44
t value 0.878 26.939 0.015 24.128

P value >0.05 <0.05 >0.05 <0.05

0 10 20 30 40 50 60

vaginal delivery

Fetal distress

Intrauterine asphyxia

placental abruption

Research group
Control group

Figure 2: Comparison of pregnancy outcomes between the two groups.
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pregnancies [16]. The present study outlines the clinical effec-
tiveness of nifedipine and magnesium sulfate combined with
labetalol in PIH, to guide clinical decision making in the selec-
tion of a better treatment plan.

The present study outlines the clinical effectiveness of
nifedipine and magnesium sulfate combined with labetalol
in PIH, to guide clinical decision making in the selection
of a better treatment plan. With the development of modern
medical technology and the deepening of clinical research on
preeclampsia, the methods to control the development of
preeclampsia have also made considerable progress, effec-
tively reducing neonatal mortality and maternal prenatal
complications [17, 18]. There is no complete understanding
of the etiology and pathogenesis of pregnancy-induced
hypertension. In the past ten years, the theory of “placental
superficial implantation”, as a theory to explain HDCP, has
been gradually accepted by most scholars [19]. Current stud-
ies have confirmed that the erosion function of trophoblasts
in early pregnancy decreases, which leads to the shallow
implantation of placenta into the endometrium and triggers
the occurrence of PIH. Similar to allogeneic transplantation
during pregnancy, embryonic trophoblast cells need to erode
into the decidua of the mother’s uterus, invade the spiral
artery, and then replace the arterial endothelial cells to estab-
lish an interactive circulation between the fetus and the
mother, which can provide necessary nutritional support
for the development of the embryo. In normal pregnancy,
the diameter of placental villi decreased significantly with
the increase of the diameter of spiral arterioles between
decidua and uterus. This physiological change increases the
total area of gas exchange between mother and fetus, which
is beneficial to the normal growth and development of fetus.
If there are abnormalities in this process, the erosion ability
of extravillous trophoblasts is impaired; the uterine spiral
artery is not eroded enough by trophoblasts, and the erosion
range is reduced [20].

Clinical studies have found that PIH has many effects on
pregnant women, fetuses, and newborns. Some scholars
have suggested that it may be related to the occurrence of
some neonatal diseases, such as septicemia, infection, reti-
nopathy, intracranial hemorrhage, and so on. It will also be
affected in the aspects of hormone system, blood cytology,
blood glucose and blood lipid metabolism, nervous system
development as well as long-term intelligence, physical
strength, psychology, and quality of life. The uterine spiral
artery has not experienced the changes of normal pregnancy,
but still maintains the sensitivity to vasoconstrictive sub-
stances and relatively narrow diameter. This will lead to
shallow placenta implantation than normal pregnancy,
decreased blood perfusion, and a series of clinical symptoms
of HDCP [21]. The increase of blood pressure after preg-
nancy will lead to the damage of vascular endothelium and
the release of endogenous vasodilator factor, vasodilator fac-
tor, and NO. Under the influence of prostacyclin (PGIa), it
increases the synthesis of thromboxane A (TXA), which
induces the imbalance of the ratio of vasoconstrictor factor
to vasodilator factor, leading to a further increase in blood
pressure. There are corresponding pathological changes in
each target organ, which affect the quality of life of pregnant

women and the life safety of mothers and infants [22–24].
An important pathological feature of hypertension during
pregnancy is systemic arterial spasm; the result of which is
an increase in peripheral resistance and blood pressure, the
decrease of blood flow through placenta and placental func-
tion compared with normal pregnancy, and the enhance-
ment of vascular permeability. Blood viscosity increased in
a state of hypercoagulability, followed by intravascular coag-
ulation and microvascular thrombosis.

When using drugs to control blood pressure in HDCP,
methyldopa, and labetalol combined with nifedipine should
be considered firstly [25]. Due to the different physical types,
receptors, and pharmacological mechanisms of medicine in
pregnant women, it is not possible to determine that labeta-
lol hydrochloride can play a better effect on each body in the
group. Limited by the scope of the trial, we rule out not only
the existence of other kinds of augmentation drugs but also
the good history of the treatment of PIH. The preferred drug
for controlling blood pressure in HDCP is α-adrenergic ago-
nist methyldopa. Its pharmacological effect is to stimulate
the α-receptor and inhibit the peripheral sympathetic nerve.
Its curative effect has been confirmed, and its side effects are
drowsiness, constipation, dry mouth, and bradycardia.
Unfortunately, this drug is not used in our market [26].
Labetalol hydrochloride tablets have the advantages of
long-term tolerance and safety to both mother and fetus.
As a salicylamide derivative, its chemical structure can effec-
tively select α and β-adrenergic receptors [27]. There are
mainly α receptors in peripheral resistance vessels and vol-
ume vessels, which can dilate the above vessels after blocking
α receptors. The coronary blood flow increased significantly;
the myocardial oxygen consumption was reduced, and the
cardiac load was reduced. The clinical effect is quick, and it
does not reduce blood pressure to too low and does not
affect the blood perfusion of placenta, brain, uterus, kidney,
and fetus. β-adrenoceptor mainly acts on the atrioventricu-
lar junction. Blocking β-receptor can prolong the conduc-
tion time of myocardial bioelectric signals in this area, thus
reduce the heart rate and myocardial oxygen consumption.
It slows down the heart rate and lowers blood pressure at
the same time [28]. The heart rate of patients will not
decrease indefinitely after slowing down to a certain extent,
and then tend to stabilize by themselves. According to the
clinical pharmacological study [29], labetalol hydrochloride
tablets also have the functions of reducing platelet consump-
tion, inhibiting platelet aggregation, and promoting fetal
lung maturation. But there are inevitable limitations.

Magnesium sulfate can also dilate vascular smooth mus-
cle and dilate spastic peripheral blood vessels as a preventa-
tive measure and treatment for eclampsia. It can play a role
immediately after intravenous injection lasting for 30min
and renal excretion. However, during the treatment of mag-
nesium sulfate, the knee reflex and respiration of the patients
should be observed, and the urine volume should be≥25mL/
h. In addition, the dose and flow velocity should be con-
trolled according to the patient’s signs. Nifedipine can
inhibit Ca2+ inflow, relax vascular smooth muscle, dilate cor-
onary artery, and increase coronary blood flow, thus lower-
ing blood pressure. Low-dose coronary artery dilatation
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does not affect blood pressure, so it is a better antianginal
drug [30]. In the treatment of PIH, magnesium sulfate is first
of all recommended, which can inhibit the activity of central
nervous system and conduct a reduction in the release of
acetylcholine from motor nerve-muscle junctions and a
relaxation of muscle contractions. As an antihypertensive
drug, there are no adverse reactions such as water and
sodium retention and edema that are common in general
vasodilators. The effect of sublingual administration is faster
than that of oral administration. The antihypertensive effect
appeared after 10 minutes of spray administration; the effect
was the most significant after 1 hour, and the blood pressure
increased after about 3 hours (some can last for 11 hours).
Intravenous injection within 10 minutes can reduce blood
pressure by 21%-26% [31]. Nifedipine is a dihydropyridine
calcium channel blocker, which can dilate vascular smooth
muscle and improve peripheral vasospasm. Magnesium sul-
fate combined with nifedipine can better relax peripheral
vascular smooth muscle, reduce vascular resistance, and
improve uterine artery blood flow. Vascular endothelium
injury can release a large number of vasoactive substances,
which participate in the regulation of vascular tension,
smooth muscle cell proliferation, vascular wall inflamma-
tion, and so on [32].

The combined application of labetalol, nifedipine, and
magnesium sulfate can effectively improve blood circulation
and reduce the damage of hypertension to heart, kidney, and
other target organs, thus improving the internal environ-
ment [33, 34]. It is consistent with the results of Uwizeyi-
mana et al. [35] and Houehanou et al. [36]. Most of the
patients with PIH are in hypercoagulable state. Nifedipine
combined with magnesium sulfate and labetalol can dilate
blood vessels and reduce blood pressure [37]. Compared
with the control group, the research group’s total efficacy
rate was significantly higher, as were the levels of systolic
blood pressure and diastolic blood pressure. It is suggested
that labetalol can block both α-receptor and β-receptor,
effectively expand blood volume and reduce cardiac preload
by blocking α-receptor, and can reduce myocardial oxygen
consumption and increase cardiac output by blocking β-
adrenoceptor. Results revealed that PT levels in the research
group rose, whereas FBG levels and Dmurd levels declined.
There was a higher degree of improvement in the PIH group
than in the control group, indicating that nifedipine alone or
in combination with magnesium sulfate and labetalol could
reduce hypercoagulability. ET-1, an endogenous injury fac-
tor produced in pathological state can produce the metabo-
lite A2, promote the release of calcium ions from the
calcium library, and increase the production of free radicals.
NO is a vasodilating factor, which can maintain vascular
endothelial function and regulate blood pressure [38, 39].
Both groups experienced a decrease in ET-1 levels as well
as an increase in NO levels after treatment, indicating that
nifedipine with magnesium sulfate and labetalol can relieve
these side effects. The reason may be that nifedipine com-
bined with magnesium sulfate and labetalol can downregu-
late the expression of endothelin and improve endothelial
dysfunction. Nifedipine combined with magnesium sulfate
and labetalol can regulate peroxide injury and reduce the

release of free radicals to prevent vascular endothelial dam-
age [40, 41]. There are some limitations in this study. First,
the sample size of this study is not large, and it is a single-
center study, so bias is inevitable. In future research, we will
carry out multicenter and large-sample prospective studies,
or more valuable conclusions can be drawn.

In conclusion, PIH can be effectively treated with nifed-
ipine, magnesium sulfate, and labetalol, which can effectively
reduce blood pressure, improve blood coagulation and vas-
cular endothelial function, and further improve the preg-
nancy outcome.

Data Availability

The datasets used and analyzed during the current study are
available from the corresponding author upon reasonable
request.
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Objective. This study is aimed at investigating the correlation between lumbar spinal stenosis (LSS) severity, ligamentum flavum
hypertrophy, and the upregulation of inflammatory markers. Methods. From March 2019 and May 2022, eighty-five inpatients
with LSS were enlisted as the study’s research group, while sixty-five patients hospitalized for lumbar intervertebral disc
herniation over the same time period served as the study’s control group. Moreover, mild, moderate, and severe subgroups of
patients were created within the research population based on their LSS severity. The ligamentum flavum thickness and the
positive expression rates of TNF-α, TGF-β1, and IL-1α were compared between the study group and the control group. The
levels of TNF-α, TGF-β1, and IL-1α that were found to be positively expressed were compared between the mild, moderate,
and severe groups. Patients with LSS had their ligamentum flavum thickness and their positive expression rates of TNF-α,
TGF-β1, and IL-1α analyzed using Spearman correlation analysis. We evaluated the diagnostic utility of the positive expression
rates of IL-α1, TGF-β1, and TNF-α and ligamentum flavum thickness in distinguishing the severity of LSS using a receiver
operating characteristic (ROC) curve. Results. The rates of both lower limb pain (40.00%) and intermittent claudication
(80.00%) in the LSS group were higher than those in the lumbar disc herniation group (15.38%, 12.31%), with statistical
significance (P < 0:05). However, no substantial disparity was observed in left lower limb pain, right lower limb pain, low back
pain, lower limb sensation, muscle strength, and reflex abnormalities between the two groups (P > 0:05). Positive expressions
of TGF-β1, TNF-α, and IL-1α and thicker ligamentum flavum were more prevalent in the LSS group than in the lumbar
intervertebral disc herniation group. All indexes were significantly (P < 0:05) higher in the moderate stenosis group than in the
severe stenosis group. Additionally, the thickness of the ligamentum flavum and the positive expression rates of TNF-α, TGF-
β1, and IL-1α were higher in the mild and moderate stenosis groups than in the severe stenosis group. The expression levels of
TNF-α, TGF-β1, and IL-1α were favorably linked with ligamentum flavum thickness (P < 0:05). ROC curve analysis showed
that the thickness of ligamentum flavum, the expression of IL-1α, the expression of TGF-β1, and the expression of TNF-α
could effectively diagnose mild, moderate, and severe LSS (P < 0:05). Conclusion. Ligamentum flavum hypertrophy and positive
expression rates of IL-1α, TGF-β1, and TNF-α are closely linked to LSS, which can effectively identify mild, moderate, and
severe LSS.

1. Introduction

Lumbar spinal stenosis (LSS) can cause lumbago and leg
pain or lower extremity motor dysfunction in middle-aged
and elderly people. The pathogenesis is mainly intervertebral
disc bulge, protrusion or degenerative calcification, vertebral
joint hyperplasia and ossification, ligamentum flavum
hypertrophy, and calcification, which can lead to stenosis

of the spinal canal, lateral recess, nerve root canal, or foram-
ina, thus causing a series of symptoms such as compression
of cauda equina nerve, blood vessels, and nerve roots in the
dural sac or inflammatory reactions [1, 2]. Anatomically,
there are three distinct forms of LSS: lateral foraminal,
recess, and central canal stenosis. Degeneration of the facet
joints, ligamentum flavum and intervertebral disc are the
primary anatomical factors in central stenosis. The
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degeneration of the intervertebral disc often has a high
degree of loss, and the hypertrophic ligamentum flavum
can form space behind both sides of the spinal canal, further
aggravating the central stenosis [3–5]. Lateral recess stenosis
is mostly caused by the proliferation of osteophytes on the
medial side of the superior articular process, which is related
to disc herniation and inflammatory response of the articu-
lar process. Foraminal stenosis is caused by osteophytes
above the articular process and is associated with disc degen-
eration. Various inflammatory factors and increased load
stress can lead to ligamentum flavum injury, and the repair
process is accompanied by ligament fibrosis and collagen
fiber hyperplasia, resulting in ligamentum flavum hypertro-
phy [6–8]. The goal of this research was to examine the con-
nection between degenerative hypertrophy of the
ligamentum flavum and the development of LSS and an
inflammatory response, so as to further improve the preven-
tion, diagnosis, and treatment of LSS and provide theoretical
support for clinical treatment of LSS.

2. Materials and Methods

2.1. General Information. The selection included 85 LSS
patients who received care at our facility between March
2019 and May 2022, and 65 patients with lumbar interverte-
bral disc herniation who were hospitalized during the same
period were selected. There were 51 men and 34 females in
the LSS group, with ages ranging from 40 to 75
(56:96 ± 7:05 years) and disease durations averaging 29:22
± 9:46 months (range = 10 to 55). There were 40 men and
25 females in the lumbar disc herniation cohort; the age
range was from 42 to 72 years old, with a mean age of
55:97 ± 7:38 years; the duration of disease was from 6 to
45 months, with a mean of 30:74 ± 8:01 months. Overall,
there was comparable difference between the two groups’
data (P > 0:05). Eventually, MRI and CT scans were per-
formed on every patient. Patients with LSS were categorized
into those with mild stenosis (23 cases), moderate stenosis
(45 cases), and severe stenosis (17 cases), depending on the
number of stenotic segments in their arteries. The hospital’s
ethics board gave its stamp of approval to this research.
Inclusion criteria include ① patients diagnosed with LSS or
lumbar disc herniation by imaging examination, ② central
stenosis, ③ complete lumbar spine imaging data, and ④ all

patients who voluntarily participated in this study. Exclusion
criteria include ① those who have suffered a spinal fracture
or spinal cord damage, ② patients with developmental lum-
bar spinal stenosis, ③ patients complicated with spinal
tumor, spinal deformity, and other spinal diseases, ④

patients with osteoarticular tuberculosis, osteomyelitis, and
severe senile osteoporosis, and ⑤ patients with severe organ
dysfunction.

2.2. Methods. ① Thickness measurement of ligamentum fla-
vum: all patients underwent CT scanning at different lesion
segments (L3/L4, L4/L5, and L5/S1). The oblique diameter
of the spinal canal was measured and compared to the thick-
ness of the ligamentum flavum of both joint capsules to
determine the disc height ratio at the superior vertebral arch
notch. ② Lamina ligamentum flavum was removed during
posterior spinal canal and lateral recess decompression,
rinsed in 0.9% sodium chloride solution, fixed in 4.0% para-
formaldehyde, embedded in paraffin, and cut into 5-8 pieces
for immunohistochemistry staining. Immunohistochemical
staining sections of transforming growth factor- (TGF-)
β1, tumor necrosis factor- (TNF-) α, and interleukin- (IL-)
1α in the two groups were observed with Olympus light
microscope (Japan) by two-person double-blind method.
The sections of each group were placed under the same
intensity light, and 5 visual fields were randomly selected
from each section under a high-power microscope (×40).
Judgment of immunohistochemical results: if there were
brown or dark brown particles in the cytoplasm or mem-
brane of the ligamentum flavum tissue and the staining
intensity was higher than the background nonspecific stain-
ing, the cells were considered positive. If the nucleus was
stained blue and there was no brown-yellow reactant in the
membrane or cytoplasm, the cells were considered negative.
Five complete and nonoverlapping high magnification fields
were selected at the tissue edge of ligamentum flavum in
each section, and the expression rate of positive cells in each
field was measured. The average expression rate of 5 fields
was taken as the final measurement value. Positive cell
expression rate: 0 indicates no expression (-); <25% indicates
slight expression (+); ≥25% indicates obvious expression (+
+). The expression degree and positive expression rate of
three inflammatory factors including TGF-β1, TNF-α, and
IL-1α in the ligamentum flavum of the two groups were
compared.

Table 1: Comparison of clinical symptoms and signs between the two groups ½n ð%Þ�.

Group
Left lower
extremity

pain

Right lower
extremity pain

Both lower
extremity pain

Low
back
pain

Lower extremity sensation, muscle
strength, and reflex abnormalities

Intermittent
claudication

LSS group (n = 85) 24 (28.24) 27 (31.76) 34 (40.00)
68

(80.00)
78 (91.76) 68 (80.00)

Lumbar disc
herniation group
(n = 65)

23 (35.38) 23 (35.38) 10 (15.38)
55

(84.62)
62 (95.38) 8 (12.31)

χ2 value 0.875 0.217 10.767 0.532 0.776 67.524

P value 0.350 0.641 0.001 0.466 0.378 <0.001

2 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

2.3. Observation Indicators. The indicators are as follows: ①
comparison of ligamentum flavum thickness and expression
quantity of TGF-β1, TNF-α, and IL-1α between the LSS
group and the lumbar disc herniation group; ② comparison
of ligamentum flavum thickness and expression quantity of
TGF-β1, TNF-α, and IL-1α in mild, moderate, and severe
stenosis groups; ③ correlation analysis between the severity
of LSS and the expression quantity of TGF-β1, TNF-α, and
IL-1α and the ligamentum flavum thickness; ④ the ROC
curve analysis of TGF-β1, TNF-α, and IL-1α and ligamen-
tum flavum thickness in differentiating the severity of LSS.

2.4. Statistical Methods. Data for this study were entered into
an Excel spreadsheet by two researchers working indepen-
dently of one another and then analyzed and processed
using SPSS 24.0. In this study, we used a mean ± SD (x ± s)
format for our measurement data. When the data follows a
normal distribution with consistent variance, the t-test is
used. n and % were utilized to characterize the count data,
and the chi-square test was performed to compare the two
groups. All were two-sided tests. The relationship between
the thickness of the ligamentum flavum and the levels of
TGF-β1, TNF-α, and IL-1α in individuals with LSS was

examined using Spearman correlation analysis. P < 0:05
was regarded as a statistically significant difference when
analyzing the diagnostic value of ligamentum flavum thick-
ness and the positive expression rates of TGF-β1, TNF-α,
and IL-1α in determining the degree of LSS using the
receiver operating characteristic (ROC) curve.

3. Results

3.1. The Signs and Clinical Symptom Comparison between
the Two Groups. Both lower extremity pain (40.00%) and
intermittent claudication (80.00%) were more prevalent in
the LSS group than in the lumbar disc herniation group,
with a statistically significant difference (P < 0:05) between
the two groups. Left lower extremity pain, right lower
extremity pain, low back pain, lower extremity sensation,
muscle strength, and reflex abnormalities were all similar
across the two groups (P > 0:05). See Table 1.

3.2. Comparison of Ligamentum Flavum Thickness and
Positive Expression Rates of TGF-β1, TNF-α, and IL-1α
between the Two Groups. The ligamentum flavum thickness
in the LSS group was greater than that in the lumbar

Table 2: Comparison of ligamentum flavum thickness and TGF-β1, TNF-α, and IL-1α positive expression rate between the two groups
(−x ± s).

Group Ligamentum flavum thickness (mm) IL-1α (%) TGF-β1 (%) TNF-α (%)

LSS group (n = 85) 5:55 ± 1:51 90:66 ± 8:31 75:14 ± 9:03 45:37 ± 7:15
Lumbar disc herniation group (n = 65) 2:51 ± 0:70 12:97 ± 3:78 46:20 ± 6:02 8:53 ± 3:03
t value 16.408 76.528 23.488 42.776

P value <0.001 <0.001 <0.001 <0.001
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Figure 1: Comparison of ligamentum flavum thickness among
three subgroups.
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Figure 2: Comparison of positive expression rates of TNF-α, TGF-
β1, and IL-1α among three subgroups.
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intervertebral disc herniation group. There was a statisti-
cally significant (P < 0:05) increase in the TGF-β1, TNF-
α, and IL-1α positive expression when compared to the
group with lumbar intervertebral disc herniation (Table 2).

3.3. Comparison of Ligamentum Flavum Thickness and TGF-
β1, TNF-α, and IL-1α Positive Expression Rate among Three
Subgroups. There were significant differences in the ligamen-
tum flavum thickness and the TGF-β1, TNF-α, and IL-1α
positive expression among the three subgroups (P < 0:05).
There were statistically significant (P < 0:05) increases in
ligamentum flavum thickness, TGF-β1, TNF-α, and IL-1α
positive expression, and each index in the moderate stenosis

group compared to the severe stenosis group, as shown in
Figures 1 and 2 and Table 3.

3.4. Correlation Analysis between Ligamentum Flavum
Thickness and TGF-β1, TNF-α, and IL-1α Expression. The
ligamentum flavum thickness was positively correlated with
the expressions of IL-1α, TGF-β1, and TNF-α (P < 0:05). See
Figure 3.

3.5. ROC Curve Analysis of Expression Quantity of TNF-α,
TGF-β1, and IL-1α and Ligamentum Flavum Thickness in
Differentiating the Severity of LSS. ROC curve analysis
showed that the ligamentum flavum thickness and TGF-

Table 4: ROC curve analysis of expression quantity of IL-1α, TGF-β1, and TNF-α and ligamentum flavum thickness in differentiating mild
to moderate LSS.

AUC P value Cut-off value 95% CI

Ligamentum flavum thickness 0.986 <0.001 4.67 0.968-1.000

IL-1α expression quantity 0.825 <0.001 89.18 0.729-0.921

TGF-β1expression quantity 0.765 <0.001 73.93 0.646-0.884

TNF-α expression quantity 0.976 <0.001 42.14 0.947-1.000
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Figure 3: Correlation between ligamentum flavum thickness and expression quantity of IL-1α, TGF-β1, and TNF-α.

Table 3: Comparison of ligamentum flavum thickness and positive expression rates of TNF-α, TGF-β1, and IL-1α among three subgroups
(−x ± s).

Group Ligamentum flavum thickness (mm) IL-1α (%) TGF-β1 (%) TNF-α (%)

Mild stenosis group (n = 23) 3:53 ± 0:51 83:63 ± 4:87 67:45 ± 7:54 36:95 ± 4:19
Moderate stenosis group (n = 45) 5:97 ± 0:76a 91:43 ± 7:16a 75:42 ± 7:41a 46:47 ± 3:91a

Severe stenosis group (n = 17) 7:17 ± 0:90ab 98:13 ± 7:53ab 84:77 ± 3:96ab 53:85 ± 4:49ab

F value 135.287 23.500 30.770 86.277

P value <0.001 <0.001 <0.001 <0.001
Note: aP < 0:05 when compared with the mild stenosis group; bP < 0:05 when compared with the moderate stenosis group.

Table 5: ROC curve analysis of expression quantity of IL-1α, TGF-β1, and TNF-α and ligamentum flavum thickness in differentiating
moderate to severe LSS.

AUC P value Cut-off value 95% CI

Ligamentum flavum thickness 0.835 <0.001 6.62 0.716-0.955

IL-1α expression quantity 0.742 0.003 94.66 0.598-0.887

TGF-β1 expression quantity 0.890 <0.001 80.89 0.809-0.971

TNF-α expression quantity 0.891 <0.001 50.55 0.807-0.975
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β1, TNF-α, and IL-1α expression could effectively diagnose
mild, moderate, and severe LSS (P < 0:05). The AUC values
of ligamentum flavum thickness and expression quantity of
TNF-α, TGF-β1, and IL-1α in the identification of mild to
moderate LSS were 0.986, 0.825, 0.765, and 0.976, respec-
tively, and the cut-off values were 4.67, 89.18, 73.93, and
42.14, respectively. The AUC values of ligamentum flavum
thickness and expression quantity of TNF-α, TGF-β1, and
IL-1α in the identification of moderate to severe LSS were
0.835, 0.742, 0.890, and 0.891, and the cut-off values were
6.62, 94.66, 80.89, and 50.55, respectively. See Tables 4 and
Tables 5 and Figures 4 and 5.

4. Discussion

Hypertrophy and ligamentum flavum hypertrophy may
cause a narrowing of the spinal canal (coronal diameter),
as well as hyperplasia and cohesiveness of the bilateral
facet joints and the superior facet joints, all of which
increase the chances of LSS [9–11]. Patients with mild
LSS should be treated with rest, drugs, and relevant symp-
tomatic treatment. Patients with severe LSS accompanied
by intractable pain and ineffective nonsurgical treatment
should be treated with surgery. The degenerated and her-
niated intervertebral discs and facet joints act on the liga-
mentum flavum by releasing inflammatory factors, causing
ligamentum flavum hypertrophy [12, 13]. IL-1α can pro-
mote the formation of inflammation and cause pain. IL-
1α is a predisposed factor for the thickening and ossifica-

tion of ligamentum flavum, which can affect ligamentum
flavum by stimulating nerves, degrading collagen, and
mediating cycloxygenase-2 metalloproteinase inhibitors.
The positive expression rate of IL-1α in the LSS group
was substantially greater than that in the control group
in this research, which may be related to chronic mechan-
ical effects and increased pain in patients with LSS, and
pain is caused by stimulation of nerve fibers. The ligamen-
tum flavum was thicker and fibrotic in the LSS group,
with fibroblasts serving as the predominant cell type, so
the positive expression of IL-1α was increased. According
to relevant studies, IL-1α is highly expressed in the inter-
vertebral disc and lumbar facet joint and patients with
lumbar stenosis tend to have a more active ligamentum
flavum, and this activity is positively connected with lum-
bar region and leg pain [14, 15]. Hypertrophy of the liga-
mentum flavum in the lumbar spine causes a loss of
elasticity and an increase in collagen fibers [16, 17]. It
has been suggested that TGF-β1 is closely related to fibro-
blast proliferation [18, 19]. TGF-β1 can change the growth
characteristics of fibrocytes and reduce the contact inhibi-
tion effect in the process of fibrocyte growth. It can not
only promote cell proliferation but also promote the syn-
thesis of extracellular matrix. Since TGF-β1 can cause a
variety of tissue hypertrophy, which is closely related to
a variety of fibrotic diseases, the mechanism of TGF-β1
promoting ligament flavum hypertrophy lies in inducing
fibroblast differentiation into myofibroblasts, which can
promote the fibrosis of ligament flavum tissue by
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Figure 4: ROC curve analysis of IL-1α, TGF-β1, and TNF-α
expression quantity and ligamentum flavum thickness in
differentiating mild to moderate LSS.
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promoting the production of type I and III collagen [20].
Therefore, the main role of TGF-β1 in inducing ligamen-
tum flavum hypertrophy is to promote the proliferation
and differentiation of fibroblasts and the formation of col-
lagen fibers. TNF-α mainly affects the metabolism of colla-
gen fibers in the ligamentum flavum matrix. TNF-α is an
inflammatory factor secreted by macrophages, which is
an initiating factor of inflammatory cascade reaction and
can reflect the severity of inflammation [21, 22]. Accord-
ing to relevant studies, TNF-α content is closely related
to the effect of macrophage migration inhibitory factor
(MIF), which is an upstream factor of TNF-α and can
promote the expression of TNF-α in fibroblasts and
stroma. In addition, MIF can indirectly promote the
expression of TNF-α by inhibiting the migration of macro-
phages [23, 24]. In addition, ligamentum flavum hypertro-
phy may be caused by TNF-α due to its ability to
stimulate the production of downstream metalloprotein-
ases through positive feedback. Ligamentum flavum has
both type I and type III collagen fibers. Hypertrophy of
the ligamentum flavum is associated with TNF-α because
TNF-α may increase the production of type III collagen.

In this study, in patients with LSS, the ligamentum flavum
was thicker than in those with lumbar disc herniation, and the
LSS group also had higher levels of TGF-β1, TNF-α, and IL-1α
positive expression. Each indicator was greater in the moder-
ate stenosis group than the severe stenosis group, and the dif-
ferences between the groups were statistically significant
(P < 0:05). Positive expression rates of TNF-α, TGF-β1, and
IL-1α increased with increasing stenosis severity, and the find-
ings demonstrated that these cytokines were strongly
expressed in the LSS group. The degree of LSS was correlated
with an increase in ligamentum flavum thickness, which was
considerably greater in the LSS group than in the lumbar disc
herniation group. Clinical studies have shown that corticoste-
roids and nonsteroidal analgesic and anti-inflammatory drug
COX-2 inhibitors can relieve clinical symptoms by inhibiting
inflammatory response, and patients with LSS often have liga-
mentum flavum hypertrophy. In this work, we found that LSS
was closely linked with the TGF-β1, TNF-α, and IL-1α posi-
tive expression rate as assessed by Spearman’s correlation
analysis (P < 0:05). Previous research has shown that TNF-α
and IL-1α are both substantially expressed in the interverte-
bral discs, lumbar facet joints, and ligamentum flavum of indi-
viduals with LSS and that this expression is connected with
neurological dysfunction and lumbar and leg pain [25, 26].
IL-1α can enhance the synthesis of pain mediators prostaglan-
din and 5-hydroxytryptamine. Prostaglandin E2 is an impor-
tant transmitter of inflammatory response, which can
enhance the sensitivity of nerve terminal receptors, thus
enhancing the pain effect. IL-1α induces nerve root pain
through mediating other inflammatory mediators, eventually
leading to lumbar and leg pain. TNF-α can induce inflamma-
tory reactions such as endoneurial edema, decreased blood
flow, intravascular coagulation, and medulla decomposition,
which can play a role in the regulation of nerve root sensitivity
and cause lumbar and leg pain. Lumbar and leg pain is the
main symptom of LSS, which can also explain that the expres-
sion of inflammatory factors increases with the degree of LSS.

ROC curve analysis results of this study showed that the
thickness of ligamentum flavum and the expression quantity
of TNF-α, TGF-β1, and IL-1α could effectively diagnose mild,
moderate, and severe LSS (P < 0:05). The AUC values of liga-
mentum flavum thickness and expression quantity of TNF-α,
TGF-β1, and IL-1α in identifying mild to moderate LSS were
0.986, 0.825, 0.765, and 0.976, respectively, and the cut-off
values were 4.67, 89.18, 73.93, and 42.14, respectively. The
AUC values of ligamentum flavum thickness and expression
quantity of IL-1α, TGF-β1, and TNF-α in identifying moderate
to severe LSS were 0.835, 0.742, 0.890, and 0.891, respectively,
and the cut-off values were 6.62, 94.66, 80.89, and 50.55, respec-
tively. For patients with mild LSS, rest, medication, and relevant
symptomatic treatment are required, while surgery may be
required for patients with moderate and severe LSS. Early iden-
tification of patients after admission is beneficial to quickly
determine the treatment plan, and appropriate treatment plan
can promote the rational utilization of medical resources and
improve the prognosis of patients, suggesting that the thickness
of ligamentum flavum can be measured in patients with LSS
after admission. In this study, the TGF-β1, TNF-α, and IL-1α
positive expression rate was determined by postoperative
immunohistochemistry, which can reveal the expression pat-
terns of inflammatory factors in patients with LSS.

In conclusion, the severity of LSS is closely correlated
with ligamentum flavum hypertrophy and the expression
quantity of TNF-α, TGF-β1, and IL-1α. Ligamentum flavum
hypertrophy and the TGF-β1, TNF-α, and IL-1α positive
expression rate can effectively distinguish the LSS severity.
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Background. COPD is a chronic respiratory disease with a long course and recurrent characteristics. According to relevant
statistics, the global incidence of COPD is more than 30%, which seriously affects the life of patients and endangers their
health. Objective. To observe the curative effect of Xiyanping in elderly patients with COPD and its influence on the
expressions of growth differentiation GDF-15 and HIF-1α in serum. Methods. From August 2019 to December 2021, 86 elderly
patients with acute exacerbation of COPD were admitted to our hospital. As the research objects, they were divided into the
control group (n = 43) and the observation group (n = 43) randomly. The control group received the conventional treatment,
while the observation group got Xiyanping on the basis of the control group. The differences in the duration of antibiotic use,
expectoration, hospital stays, adverse reactions and serum-related factors, blood routine, pulmonary function, airway
hyperreactivity index, COPD assessment test (CAT) score, and Borg score were made a comparison between them. Results. On
the 3rd and 7th days after being treated, the sputum excretion in them was higher than before, but on the 3rd day of
treatment, the sputum excretion in the observation group was higher than that in the control group, while on the 7th day of
treatment, the sputum excretion was lower than that in the control group with statistically significant differences (P < 0:05).
Before treatment, the serum-related factors and blood routine indexes between them were similar (P > 0:05). After treatment,
GDF-15, HIF-1α, CXCL12, TNF-α, IL-8, TGF-β, WBC, and NEU in them were significantly lower than before, and the values
in the observation group were significantly lower than those in the control group with statistically significant differences
(P < 0:05). There was no difference in the related indexes of pulmonary function and airway hyperreactivity between them
before treatment. After being treated, FEV1, FVC, and FEV1/FVC in them were significantly higher than those before
treatment. The airway resistance and lung compliance of the two groups at exhalation and inspiration were significantly lower
than before, and the values in the observation group were significantly lower than those in the control group (P < 0:05). There
was no difference in CAT and Borg scores between them before treatment. After treatment, the CAT score and Borg score of
these patients were significantly lower than those before treatment, and the value of the observation group was significantly
lower than that of the control group (P < 0:05). The duration of antibiotic use and length of stay in the observation group were
significantly shorter than those of the control group, while the incidence of adverse reactions was not statistically significantly
different compared with the control group (P > 0:05). Conclusion. Xiyanping can improve pulmonary function of elderly
patients with acute exacerbation of COPD, reduce the response of airway hyperreactivity, and promote the excretion of sputum.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) in the
elderly is a common clinical respiratory disease, featured
by incompletely reversible airflow limitation, and the disease
develops in a progressive way [1]. As a risk factor for acute
exacerbation of COPD, infection can aggravate cough,
increase sputum volume, and result in dyspnea [2, 3]. Infec-
tion control is a key measure in the treatment of acute exac-
erbation of elderly COPD. At present, antibiotics are
generally used in clinical treatment, but the long-term appli-
cation of antibiotics can cause drug-resistant strains, leading
to flora imbalance and fungal infection [4].

According to the theory of traditional Chinese medicine,
COPD belongs to “lung distension,” “asthmatic cough,” and
phlegm blockages in lung collateral, accompanied by exoge-
nous pathogenic qi, causing the stasis of heat-phlegm [4].
Xiyanping is a traditional Chinese medicine injection
extracted and refined from Andrographis paniculata with
antibacterial, antiviral, and other pharmacological effects,
and it is widely used in infectious diseases such as bronchitis,
tonsillitis, and bacterial diseases [5]. However, the studies on
the efficacy of Xiyanping in COPD were few. The study is
aimed at observing the influence of Xiyanping in elderly
patients with COPD and its effect on the expression of
GDF-15 and HIF-1α in serum. The report is as follows.

1.1. Core Tips. In this study, we found that Xiyanping could
improve the pulmonary function of elderly patients with
acute exacerbation of COPD, reduce the response of airway
hyperreactivity, and promote the excretion of sputum, which
might be related to the regulation of GDF-15 and HIF-1α-
related factors.

2. Data and Methods

2.1. General Information. This study has been approved by
the ethics committee. Diagnostic criteria in line with the
standard of Chronic Obstructive Pulmonary Disease Diag-
nosis and Treatment Guidelines (2013 revision) [6] include
(1) patients with COPD clinical symptoms, (2) patients
who have a contact history of risk factors (including envi-
ronmental factors and host factors), (3) FEV1/FVC that
achieved 60%–80% after using a bronchodilator, and (4)
chest X-ray/CT examination that showed increased lung tex-
ture, increased chest diameter, and increased lung field
transparency.

Acute exacerbation of COPD was in line with the stan-
dard of AECOPD Diagnosis and Treatment of Chinese
Expert Consensus (2017 update) [7]: (1) continuous deterio-
ration of respiratory symptoms and (2) it is necessary to
change the drug treatment plan.

2.2. Case Selection. Inclusion criteria include (1) meeting the
criteria for acute exacerbation of COPD, (2) ages from 60 to
85 years without gender restriction, (3) excluding the related
symptoms caused by tuberculosis and bronchiectasis, (4)
patients and their families who agreed to join this study,
and (5) complete clinical data.

Exclusion criteria include (1) in situ or metastatic lung
cancer; (2) with previous history of pulmonary resection;
(3) patients with defects in immune function; (4) bedridden
or mobility-impaired patients; (5) patients with severe heart,
liver, or kidney dysfunction; and (6) mental diseases.

2.3. Collection of Cases. From August 2019 to December
2021, 86 elderly patients with acute exacerbation of COPD
admitted to our hospital were confirmed with the inclusion
and exclusion criteria and were selected as the research sub-
jects. As the research objects, they were divided into the con-
trol group (n = 43) and the observation group (n = 43)
randomly. After the statistical test, it was found that the gen-
eral information of them was balanced.

2.4. Method. The control group was given conventional
treatment, including oxygen therapy, ambroxol phlegm, β2
receptor agonist bronchodilator, inhaled corticosteroids
anti-inflammatory, broad-spectrum antibiotics, and other
comprehensive treatment.

Based on the control group, the observation group was
treated with Xiyanping injection (produced by China Jiangxi
Qingfeng Pharmaceutical Co., Ltd., specification: 5mL:
125mg, SEDA approval number Z20026249). A total of
250mg Xiyanping was added into 0.9% sodium chloride
injection 250mL for intravenous drip, one time per day.
The two groups were evaluated after 14 days of treatment.

2.5. Detection Method. Before and after treatment, 10mL of
fasting venous blood samples was taken from patients with
an empty stomach and divided into two vacuum blood ves-
sels. One was detected by the Shenzhen Mairui five classifi-
cation blood cell analyzer to test the blood routine for
recording the levels of white blood cell count (WBC) and
neutrophil ratio (NEU). The other one was centrifuged
within 1 hour after blood collection with the rotating speed
of 3500 r/min for 10 minutes. The serum was taken to detect
GDF-15, HIF-1α, CXCL12, TNF-α, IL-8, and TGF-β by
ELISA. The kits were all products of Shanghai Enzyme-
Linked Biotechnology Co., Ltd., and the instrument was
the Shenzhen Mairui RT-96A microplate reader.

Before and after treatment, CHEST GRAPHHI-10 Jester
pulmonary function instrument was used to detect forced
expiratory volume in the first second (FEV1) and forced vital
capacity (FVC) and calculate FEV1/FVC in them. The
BUXCO FinePointe RC lung compliance measurement sys-
tem was used to detect airway resistance and lung compli-
ance during exhalation and inspiration of airway
hyperreactivity-related indexes in two groups.

2.6. Scoring Standard. Chronic obstructive pulmonary assess-
ment test (CAT) score [8]: the evaluation is mainly aimed at
the influence of patients’ health and daily life with a total of
eight items for the range from 0 to 40. The high or low score
indicated that the influence of disease on health and daily life
was large or small.

Borg score [9]: the degree of dyspnea was mainly evalu-
ated, including blood oxygen saturation, heart rate, blood
pressure, and respiratory frequency from the range of 0 to
10. The scores indicated the degree of dyspnea.

2 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

2.7. Statistical Method. Professional SPSS19.0 software was
used for data processing; GDF-15, HIF-1α, lung function
indicators, and other data which were in accordance with
normal distribution should be described by �χ ± s; the t-test
was used for comparison, count data was described by n
(%), and the χ2 test was used for comparison, with statistical
significance (P < 0:05).

3. Results

3.1. Differences in General Data between Two Groups. The
process of the disease, the severity of illness, complications
and smoking, age, and other general information were com-
pared between the two groups, and there was no statistical
difference (P > 0:05) (see Table 1).

3.2. Comparison of Sputum Excretion between Two Groups.
There was nothing different in sputum excretion between
them before treatment. On the 3rd and 7th days after being
treated, the sputum excretion in them was higher than
before, but on the 3rd day of treatment, the sputum excre-
tion in the observation group was higher than that in the
control group, while on the 7th day of treatment, the sputum
excretion was lower than that in the control group with a
statistically significant difference (P < 0:05) (see Table 2
and Figure 1).

3.3. Difference in Serum-Related Factors such as GDF-15 and
HIF-1α between Two Groups. There was no difference in
serum-related factors such as GDF-15 and HIF-1α between
them before treatment. After treatment, GDF-15, HIF-1α,
CXCL12, TNF-α, IL-8, and TGF-β in them were signifi-
cantly lower than before, and the values in the observation
group were significantly lower than those in the control
group with a statistically significant difference (P < 0:05)
(see Table 3).

3.4. Difference in Blood Routine Indexes between Two
Groups. There was nothing different in blood routine
indexes between them before treatment. After treatment,
WBC and NEU in them were significantly lower than before,
and values in the observation group were significantly lower
than those in the control group (see Table 4).

3.5. Difference in Pulmonary Function Indexes between Two
Groups. There was nothing different in pulmonary function
indexes between them before treatment. After treatment,
FEV1, FVC, and FEV1/FVC in them were significantly
higher than before, and the values in the observation group
were significantly higher than those in the control group
with statistically significant differences (P < 0:05) (see
Table 5).

3.6. Differences in Airway Hyperreactivity Indicators between
the Two Groups. There was nothing different in the related
indexes of airway hyperreactivity between them before treat-
ment. After being treated, airway resistance and lung com-
pliance of them at exhalation and inspiration were
significantly lower than before, and the values in the obser-
vation group were significantly lower than those in the con-

trol group with a statistically significant difference (P < 0:05)
(see Table 6).

3.7. Differences in CAT and Borg Scores between the Two
Groups. There was nothing different in the CAT score and
Borg score between them before treatment. After being
treated, the CAT score and Borg score of them were signifi-
cantly lower than before, and the value of the observation
group was significantly lower than that of the control group
with a statistically significant difference (P < 0:05) (see
Table 7).

3.8. Differences in Duration of Antibiotic Use, Hospital Stays,
and Adverse Reactions between the Two Groups. The dura-
tion of antibiotic use and hospital stays in the observation
group were significantly shorter than those of the control
group, while compared with the control group, there were
no significant differences in the incidence of adverse reac-
tions (P > 0:05) (see Table 8).

4. Discussion

An epidemiological survey shows that COPD ranks the sixth
leading reason for death among the world’s population and
ranks 3rd among the causes of death from diseases in China.
At present, there are about 100 million COPD patients in
China, including about 30 million patients over 60 years
old [10]. When they suffered from cold, infection, and inha-
lation of harmful gases, the symptoms would aggravate. In
severe cases, respiratory failure and even death can occur
[11]. At present, the routine treatment of western medicine
for acute exacerbation of COPD can alleviate the clinical
symptoms to some extent. However, the drug resistance of
antibiotics makes the lower respiratory tract infection of a
considerable number of patients unable to be effectively con-
trolled; thus, it is difficult to achieve the ideal therapeutic
effect [12].

According to the theory of traditional Chinese medicine,
pathogenic qi which causes diseases invades the lung. The
improper treatment leads to retention of pathogenic qi,
and accumulation of phlegm and blood stasis damages
healthy qi. Once the body is attacked by pathogenic qi, the
sputum and blood stasis in the body will be invoked to
aggravate cough and asthma. The therapeutic doctrine is
heat-clearing and detoxifying, resolving phlegm, and reliev-
ing cough [13]. Xiyanping is a traditional Chinese medicine
injection, and its active component is andrographolide sulfo-
nate which was prepared by sulfonation of the extract from
Andrographis paniculata leaves. The in vitro antibacterial
experiments showed that it had obvious inhibitory effects
on adenovirus, influenza virus, respiratory syncytial virus,
and pathogenic microorganisms such as Staphylococcus
aureus, Streptococcus, pneumococcal bacteria, and Escheri-
chia coli. It is currently widely used in the treatment of respi-
ratory and intestinal infectious diseases [14, 15].

In this study, it was found that the sputum excretion of
the patients treated with Xiyanping adjuvant therapy was
higher than that of the patients with conventional treatment
3 days later, while on the 7th day of treatment, the sputum
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excretion was lower than that in the control group. The CAT
score and Borg score were lower than those of conventional
treatment, and the duration of antibiotic use and hospital
stays in the observation group were significantly shorter
than those of the control group, while the incidence of
adverse reactions in the two groups was similar. These
results suggest that Xiyanping can not only better promote
sputum excretion in elderly patients with acute exacerbation
of COPD, reduce the symptom of dyspnea, accelerate the
recovery process, and decrease the application of antibiotics
but also not increase the risk of adverse reactions. Pulmo-
nary function and airway responsiveness are clinical indica-
tors for judging the severity and prognosis of COPD. In this
study, it was found that FEV1, FVC, and FEV1/FVC of
patients with Xiyanping adjuvant therapy after treatment
were higher than those with conventional therapy, and their
airway resistance and lung compliance during exhalation
and inspiration were lower than those of patients with con-
ventional therapy, suggesting that Xiyanping was conducive
to improve lung function and reduce airway hyperreactivity

Table 1: Differences in general information between the two groups.

Normal information Control group (n = 43) Observation group (n = 43) χ2 or t P

Gender (n (%)) 0.191 0.662

Male 24 (55.81) 26 (60.47)

Female 19 (44.19) 17 (39.53)

Age (�χ ± s) 68:96 ± 5:77 69:21 ± 5:23 0.211 0.834

BMI (�χ ± s) (kg/m2) 22:33 ± 2:16 21:98 ± 2:24 0.738 0.463

Severity of illness (n (%)) 0.508 0.476

Moderate 32 (74.42) 29 (67.44)

Severe 11 (25.58) 14 (32.56)

COPD course of disease (�χ ± s) (year) 10:25 ± 3:11 10:08 ± 2:98 0.259 0.796

Smoking status (n (%)) 0.426 0.808

None 24 (55.81) 21 (48.84)

Quit smoking 8 (18.60) 9 (20.93)

Smoking 11 (25.58) 13 (30.23)

Concomitant disease (n (%))

Hypertension 17 (39.53) 20 (46.51) 0.427 0.514

Diabetes 15 (34.88) 12 (27.91) 0.486 0.486

Coronary heart disease 12 (27.91) 16 (37.21) 0.847 0.357

Hyperlipidemia 18 (41.86) 17 (39.53) 0.048 0.826

Table 2: Comparison of expectoration between the two groups.

Group n
Expectoration (�χ ± s) (mL)

Before therapy Treatment 3 d Treatment 7 d

Control group 43 28:65 ± 7:46 74:11 ± 12:41∗ 86:32 ± 14:79∗

Observation group 43 27:91 ± 8:03 105:45 ± 15:63∗ 34:55 ± 9:45∗

t 0.443 10.297 19.342

P 0.659 <0.001 <0.001
Compared with before treatment, ∗P < 0:05.
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Figure 1: Comparison of sputum excretion between the two
groups. Before therapy, they were similar in the two groups. On
the 3rd day after treatment, the sputum excretion of the
observation group was higher than that of the control group. On
the 7th day after treatment, the sputum excretion of the
observation group was lower than that of the control group.
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in elderly patients with acute exacerbation of COPD. By
introducing hydrophilic groups into the structure of andro-
grapholide to enhance its antibacterial activity, Xiyanping
prevents the proliferation and replication of viruses and bac-

teria by preventing protein from wrapping DNA fragments
of pathogenic microorganisms and inhibits prostaglandin
synthesis, protects lysosome membrane, reduces capillary
permeability, and improves cellular immune function [16,

Table 3: Differences in serum-related factors such as GDF-15 and HIF-1α between them (�χ ± s).

Group n
GDF-15 (μg/L) HIF-1α (ng/L) CXCL12 (ng/L)

Before After Before After Before After

Control group 43 2:85 ± 0:49 1:65 ± 0:38∗ 30:58 ± 8:99 18:11 ± 6:43∗ 314:52 ± 74:96 274:63 ± 54:14∗

Observation group 43 2:79 ± 0:55 1:21 ± 0:27∗ 29:97 ± 9:07 11:42 ± 4:45∗ 305:88 ± 79:11 213:52 ± 43:63∗

t 0.534 6.190 0.313 5.610 0.520 5.763

P 0.595 <0.001 0.755 <0.001 0.605 <0.001

Group n
TNF-α (μg/L) IL-8 (μg/L) TGF-β (ng/mL)

Before After Before After Before After

Control group 43 4:15 ± 0:58 3:21 ± 0:52∗ 104:52 ± 27:65 38:56 ± 12:41∗ 71:56 ± 24:41 52:05 ± 17:79∗

Observation group 43 4:06 ± 0:61 2:55 ± 0:43∗ 101:78 ± 31:64 21:35 ± 8:25∗ 68:96 ± 25:56 41:31 ± 14:66∗

t 0.701 6.414 0.428 7.573 0.482 3.055

P 0.485 <0.001 0.670 <0.001 0.631 0.003

Compared with before treatment, ∗P < 0:05.

Table 4: Differences in blood routine indexes between the two groups (�χ ± s).

Group n
WBC (×109/L) NEU (%)

Before After Before After

Control group 43 12:23 ± 2:89 8:87 ± 1:97∗ 87:45 ± 8:63 76:64 ± 6:49∗

Observation group 43 12:31 ± 2:57 7:18 ± 1:54∗ 85:97 ± 8:44 69:85 ± 5:14∗

t 0.136 4.432 0.804 5.378

P 0.892 <0.001 0.424 <0.001
Compared with before treatment, ∗P < 0:05.

Table 5: Differences in pulmonary function indexes between the two groups (�χ ± s).

Group n
FEV1 (L) FVC (L) FEV1/FVC (%)

Before After Before After Before After

Control group 43 1:21 ± 0:49 1:68 ± 0:52∗ 2:04 ± 0:59 2:46 ± 0:61∗ 53:25 ± 8:47 66:56 ± 7:56∗

Observation group 43 1:23 ± 0:43 2:19 ± 0:61∗ 2:11 ± 0:58 2:89 ± 0:64∗ 55:04 ± 8:29 75:48 ± 6:04∗

t 0.201 4.172 0.555 3.189 0.990 6.045

P 0.841 <0.001 0.580 0.002 0.325 <0.001
Compared with before treatment, ∗P < 0:05.

Table 6: Differences in airway hyperreactivity indicators between the two groups (�χ ± s).

Group n
Airway resistance during
exhalation (cmH2O/(L·s))

Airway resistance during
inspiration (cmH2O/(L·s))

Lung compliance (mL/cmH2O)

Before After Before After Before After

Control group 43 1:87 ± 0:74 1:42 ± 0:51∗ 1:81 ± 0:89 1:54 ± 0:41∗ 174:25 ± 45:36 135:26 ± 31:05∗

Observation group 43 1:89 ± 0:69 1:21 ± 0:43∗ 1:86 ± 0:82 1:28 ± 0:37∗ 169:85 ± 48:14 108:57 ± 24:96∗

t 0.130 2.064 0.271 3.087 0.436 4.393

P 0.897 0.042 0.787 0.003 0.664 <0.001
Compared with before treatment, ∗P < 0:05.
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17]. In addition, Xiyanping also has an antagonistic effect on
endotoxin. It can block LPS-mediated systemic inflamma-
tory response and produce a good synergistic effect when
combined with antibiotics [18, 19]. The lung ventilation
function can be improved and airway hyperreactivity can
be reduced when infection and inflammation are effectively
controlled [20].

Local and systemic inflammatory response is an impor-
tant pathological change in patients with acute exacerbation
of COPD. WBC and NEU are immune cells of the body,
which are highly expressed after infection and play their
own anti-infection role [20–22]. GDF-15 is a stress response
protein, which is mostly secreted by macrophages and adi-
pocytes after activation to participate in physiological and
pathological processes such as growing development and
inflammatory reactions [23–25]. HIF-1α is a transcription
factor regulating cells under hypoxic conditions, which can
activate downstream inflammatory pathways and aggravate
inflammatory injury of the respiratory tract [26]. CXCL12
is a member of the chemokine protein family, which forms
a complex with the receptor and participates in the inflam-
matory response process [27, 28]. TNF-α is a proinflamma-
tory factor synthesized by activated mononuclear
macrophages, which can not only cause direct inflammatory
injury in lung tissue but also promote the synthesis of other
proinflammatory factors, such as IL-8, resulting in worsen-
ing tissue damage [29–31]. TGF-β can regulate cell growth
and differentiation, inhibit immune cell differentiation and
proliferation, and promote fibroblasts to release proinflam-
matory factors such as IL-6 [32–34]. In the study, it was
found that the level of inflammatory indexes in the patients
treated with Xiyanping adjuvant therapy was significantly
lower than that in the patients treated with conventional
therapy, suggesting that Xiyanping could regulate GDF-15
and HIF-1α to other inflammatory-related factors and
reduce the inflammatory response of the body, which was

one of the important mechanisms in the treatment of acute
exacerbation of COPD in the elderly by detecting the above
inflammatory indexes.

There were some limitations of this study. The sample
size was limited. And this study was conducted in only one
hospital. Thus, the results need to be confirmed by a multi-
center randomized controlled study with a large cohort.

In summary, Xiyanping could improve the pulmonary
function of elderly patients with acute exacerbation of
COPD, reduce the response of airway hyperreactivity, and
promote the excretion of sputum.
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Objective. This study intended to explore the nursing outcome-oriented intervention’s effect on airway management in elderly
long-term bedridden patients. Methods. A total of 120 cases of elderly long-term bedridden patients admitted to our hospital
from May 2018 to June 2020 were enrolled and randomly divided into the observation group (n = 60) and control group
(n = 60). The control group received the routine nursing intervention, while the observation group received the nursing
outcome-oriented intervention. Forced expiratory volume (FEV1), forced vital capacity (FVC), and maximal voluntary
ventilation (MVV) in the first second were compared between the two groups before and after the intervention. The
pulmonary infection of the two groups was observed. Total protein, hemoglobin, albumin, and cholesterol levels were
compared between the two groups. Hamilton Anxiety Scale (HAMA) and Hamilton Depression Scale (HAMD) were used to
evaluate the two groups’ psychological status before and after the intervention. The Generic Quality of Life Inventory-74
(GQOLI-74) assessed the two groups’ quality of life. Results. After the intervention, the levels of FEV1, FVC, and MVV; total
protein, hemoglobin, albumin, and cholesterol; and scores of physical function, psychological function, social function, and
material life function in the observation group were higher than those in the control group. Pulmonary infection, secondary
infection, the infection rate is more than 3%, HAMA, and HAMD scores, and the incidence of pressure ulcers, aspiration,
constipation, and the falling bed was lower than those in the control group, with statistical significance (all P < 0:05).
Conclusion. Nursing outcome-oriented intervention can effectively improve lung function, pulmonary infection, nutritional
status, negative mood, and quality of life of long-term bedridden elderly patients.

1. Introduction

Older adults often need to stay in bed for a long time
because of a weak physique or chronic diseases, but the
long-term bedridden states can cause complications such
as pulmonary infection and pressure sores, which seriously
affect the quality of life of patients. Without professional
nursing care, these elderly patients generally develop hypo-
static pneumonia after long-term bed rest; moreover,
reduced or lost function of humidification and heating of
upper respiratory mucosa of elderly patients can result in
difficult expectoration of astringent or sticky sputum, swal-

lowing reflex, and hypesthesia of laryngeal mucosa, causing
aspiration. The establishment of an artificial airway is
designed to improve the respiratory function of patients,
alleviate respiratory disorders, and assist in the clearance of
respiratory secretions. Improper nursing of the artificial air-
way will significantly reduce its use and therapeutic effect,
increase the risk of related adverse reactions, and even
endanger patients’ lives. Therefore, effective airway manage-
ment based on the physical condition and psychological
characteristics of the elderly is of great importance.
Although conventional nursing intervention can help
patients reduce stress reactions to a certain extent, it follows

Hindawi
Computational and Mathematical Methods in Medicine
Volume 2022, Article ID 9557330, 6 pages
https://doi.org/10.1155/2022/9557330

https://orcid.org/0000-0003-4333-9496
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/9557330


RE
TR
AC
TE
D

the established model for the patient taking care of them.
The end of nursing means that the patient ends after the care
intervention. It can measure whether the nursing method is
effective and help the nursing staff make clinical decisions;
that is, nursing staff can improve and implement the existing
and potential patient problems during the treatment process.
Nursing outcome-oriented nursing intervention differs from
conventional nursing based on the patient’s physical and
psychological states. In nursing outcome-oriented nursing
intervention, the nursing outcome should be selected first,
followed by nursing with the outcome as the target, improv-
ing nursing efficiency and patients’ prognosis and quality of
life [1–4].

This study was aimed at investigating the effect of the
nursing outcome-oriented intervention on airway manage-
ment in elderly patients with long-term bedridden conditions.

2. Material and Methods

2.1. General Data. One hundred twenty elderly long-term
bedridden patients admitted to our hospital from May
2018 to June 2020 were recruited and randomly divided into
the observation and control groups, with 60 cases in each
group. In the observation group, there were 38 males and
22 females. The age ranged from 65 to 88 years, with an
average age of 75:53 ± 5:94. The bed stay ranged from 1 to
16 months, with an average of 9:85 ± 2:43 months. The fol-
lowing are the primary disease types: cerebral hemorrhage in
24 cases, cerebral infarction in 32 cases, and lower limb frac-
ture in 4 cases. In the control group, there were 42 males and
18 females. The age was from 65 to 88 years, with an average
age of 74:78 ± 4:39 years. The average bed stay ranged from
1 to 15 months, with an average of 9:17 ± 3:14 months. The
following are the primary disease types: cerebral hemorrhage
in 27 cases, cerebral infarction in 28 cases, and lower limb
fracture in 5 cases. The general data of the two groups were
comparable (all P > 0:05). This study was approved by the
hospital ethics committee.

2.2. Inclusion Criteria. The following are the inclusion cri-
teria: (1) clear clinical diagnosis, (2) stay in bed ≥ 1month,
(3) complete clinical data, and (4) voluntary participation.

2.3. Exclusion Criteria. The following are the exclusion cri-
teria: (1) Patients with mental diseases or consciousness dis-
orders; (2) patients with severe deterioration of the primary
disease; (3) patients with severe immune dysfunction; (4)
patients with congenital heart disease, liver and kidney
insufficiency, coagulation dysfunction, and malignant tumor
diseases; (5) patients with severe respiratory tract infection
and pressure ulcers at the time of admission; and (6) patients
with insufficient nursing compliance.

2.4. Grouping

2.4.1. Control Group. The control group was given routine
nursing. After admission, patients and their families received
conventional health education. Patients were told the pre-
cautions, including diet, during bed rest treatment, and
given routine airway management, routine massage nursing,

and routine psychological counseling. During the stay in
bed, nurses observed patients’ airway status to observe
whether there was a lung infection, patted patients’ back to
help maintain normal respiratory function, and instructed
the family members to carry out relevant training. The
patient’s symptoms were closely watched, and discomfort
should be reported to the doctor in time.

2.4.2. Observation Group. The observation group received
the nursing outcome-oriented intervention, and the nursing
goals were set according to nursing outcomes. The evalua-
tion indexes of nursing outcomes include physical health,
functional health, psychological and social health, perceived
health, knowledge and behavior, family health, and commu-
nity health. In this study, they can be summarized into three
areas: (1) improving patients’ bad moods; (2) improving
patients’ airway function—(a) body posture management,
(b) cough and expectoration, (c) airway humidification,
and (d) respiratory function training; and (3) improving
the quality of life of patients—(a) nutrition support, (b) pre-
vention of falling into bed, (c) prevention of venous throm-
bosis, and (d) prevention of constipation.

2.5. Observation Targets. The following are the observation
targets:

(1) Pulmonary function indices: forced expiratory vol-
ume in the first second (FEV1), forced vital capacity
(FVC), and maximal voluntary ventilation (MVV)
were compared between the two groups before and
after the intervention.

(2) Whether the patient has a pulmonary infection

(3) Nutritional state: before and after the intervention,
the fasting venous blood was taken from patients in
the morning to detect the total protein, hemoglobin,
albumin, and cholesterol levels in both groups.

(4) Mental state: Hamilton Anxiety Scale (HAMA) [5]
and Hamilton Depression Scale (HAMD) [6] were
used to evaluate the two groups’ psychological status
before and after the intervention. HAMA includes 14
entries and can be graded as five levels: no anxiety
(0~7 points), suspected anxiety (8~14 points), anxi-
ety (15~21 points), moderate anxiety (22~29 points),
and severe anxiety (≥30 points). HAMD includes 24
entries and can be graded as three levels: no depres-
sion (0~8 points), mild to moderate depression
(21~35 points), and severe depression (≥36 points).

(5) Whether the patient has any adverse reactions

(6) Quality of life: Generic Quality of Life Inventory-74
(GQOLI-74) [7] was used to evaluate the quality of
life of the two groups before and after the interven-
tion, consisting of 64 items in 4 dimensions. The
maximum score for each dimension is 80, and the
higher the score, the better the quality of life.

2.6. Statistical Approaches. All data in this study were input
into an Excel table by two people without communication
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and analyzed by statistical software SPSS24.0. Measurement
data were expressed as the mean ± SD and tested by a t-test
when they were in line with normal distribution and had
equal variance. Counting data were described by n and %,
and the chi-square test was used to compare groups. All tests
were two-sided, and P < 0:05 was considered statistically
significant.

3. Results

3.1. Comparison of Lung Function between the Two Groups.
Before the intervention, no significant differences between
the two groups were seen in FEV1, FVC, and MVV levels
(all P > 0:05). After the intervention, the levels of FEV1,
FVC, and MVV in both groups were increased, and the
improvement degree of each indicator in the observation
group was greater than that in the control group (P > 0:05)
(Table 1).

3.2. Comparison of Pulmonary Infection between the Two
Groups. The pulmonary infection, secondary infection, and
infection rate of more than 3% in the observation group

were significantly lower than in the control group (all P <
0:05, Table 2).

3.3. Comparison of Nutritional Status between the Two
Groups. Before the intervention, no significant differences
between the two groups were observed in total protein,
hemoglobin, albumin, and cholesterol levels (all P > 0:05).
After the intervention, the levels of total protein, hemoglo-
bin, and albumin in both groups increased, and the levels
of total protein, hemoglobin, albumin, and cholesterol in
the observation group were significantly higher than those
in the control group (all P < 0:05) (Table 3).

3.4. Comparison of Psychological States between the Two
Groups. Before the intervention, the two groups had no sig-
nificant differences in HAMA and HAMD scores (P > 0:05).
After the intervention, HAMA and HAMD scores were
decreased in both groups, and the observation group was
lower than the control group, with statistical significance
(both P < 0:05) (Table 4).

3.5. Comparison of Adverse Events between the Two Groups.
The incidence of pressure sores, aspiration, constipation,
and falling bed in the observation group was significantly

Table 1: Comparison of lung function between the two groups (�x ± s).

Group
FEV1 (%) FVC (%) MVV (L/min)

Before
intervention

After
intervention

Before
intervention

After
intervention

Before
intervention

After
intervention

Observation group
(n = 60) 37:34 ± 4:05 48:78 ± 4:43a 62:01 ± 5:31 68:77 ± 5:98a 78:39 ± 4:36 85:07 ± 6:45a

Control group (n=60) 37:27 ± 3:63 41:99 ± 3:51a 60:53 ± 4:53 63:18 ± 5:21a 78:31 ± 5:27 79:63 ± 6:17a

t value 0.107 9.298 1.646 5.450 0.096 4.719

P value 0.915 <0.001 0.102 <0.001 0.924 <0.001
Compared with the same group before the intervention, aP < 0:05.

Table 2: Comparison of pulmonary infection between the two groups [cases (%)].

Group Pulmonary infection Secondary infection More than 3% Ventilator use

Observation group (n = 60) 29 (48.33) 20 (33.33) 14 (23.33) 3 (5.00)

Control group (n = 60) 50 (83.33) 42 (70.00) 36 (60.00) 7 (11.67)

χ2 value 16.338 16.151 16.594 1.745

P value <0.001 <0.001 <0.001 0.186

Table 3: Comparison of nutritional status between the two groups (�x ± s).

Group
Total protein (g/l) Hemoglobin (g/l) Albumin (g/l) Cholesterol (mmol/l)

Before
intervention

After
intervention

Before
intervention

After
intervention

Before
intervention

After
intervention

Before
intervention

After
intervention

Observation
group (n = 60) 51:95 ± 7:22 58:52 ± 5:25a 103:23 ± 16:51 109:55 ± 9:04a 178:34 ± 40:91 213:22 ± 58:52a 3:12 ± 0:98 4:07 ± 0:87a

Control group
(n = 60) 53:29 ± 5:26 55:51 ± 5:44a 103:44 ± 11:34 104:80 ± 13:63a 176:12 ± 55:38 179:42 ± 48:34a 3:35 ± 0:86 3:34 ± 1:17

t value 1.164 3.076 0.083 2.251 0.250 3.449 1.396 3.849

P value 0.247 0.003 0.934 0.027 0.803 0.001 0.165 <0.001
Compared with the same group before the intervention, aP < 0:05.
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lower than in the control group, and the differences were
statistically (all P < 0:05, Table 5).

3.6. Comparison of Quality of Life between the Two Groups.
Before the intervention, no significant differences were seen
in scores of physical, psychological, social, and material life
function scores between the two groups (all P > 0:05). After
the intervention, the scores of psychological function, social
function, and material life function increased in both groups,
and the scores of these indices of the observation group were
higher than those of the control group, with statistical signif-
icance (all P < 0:05) (Table 6).

4. Discussion

With the progress of population aging, the demand for hos-
pital treatment and nursing of elderly patients is rising grad-
ually. The common diseases of elderly patients, such as
cardiovascular and cerebrovascular diseases, chronic dis-
eases, and fractures, need long-term bed treatment, which
can cause various complications [8–10]. For elderly patients
with poor physical reserve ability, even a short time in bed
may adversely affect the body. The circulatory, respiratory,
digestive, skin, and other aspects of elderly long-term bed-
ridden patients can vary. Moreover, patients who stay in
bed for a long time are unable to carry out necessary social

communication, and long-term loneliness can affect the psy-
chological state of patients, resulting in anxiety and depres-
sion over time, further affecting the prognosis of patients.
Swallowing reflexes and hypesthesia of laryngeal mucosa
may also lead to aspiration and lung infection, so attention
should be paid to airway management in long-term bedrid-
den elderly patients [11, 12]. In this study, the observation
group received nursing outcome-oriented nursing, while
the control group received routine nursing. The results
showed that the levels of FEV1, FVC, and MVV in the
observation group were higher than those in the control
group. FEV1 is the volume of air exhaled in the first second
of exhalation. FVC is the maximum volume of air a person
can exhale, and FEV1 and FVC are often used as pulmonary
function indicators in clinical practice [13, 14]. The levels of
FEV1 and FVC in ordinary people are about 83%. Too high
or too low levels indicate abnormalities. MVV is the maxi-
mum volume, and its value is related to factors such as air-
way patency and respiratory muscle strength [15]. In the
present study, the improvement degree of FEV1, FVC, and
MVV levels in the observation group was more remarkable
than that in the control group, proving that the effect of nurs-
ing outcome-oriented nursing on lung function improvement
of the long-term bedridden elderly patients is better than that
of conventional nursing. Nursing outcome-oriented nursing
outcomes were summarized into three areas: improving

Table 4: Comparison of psychological states between the two groups (�x ± s).

Group
HAMA score HAMD score

Before intervention After intervention Before intervention After intervention

Observation group (n = 60) 18:52 ± 1:90 11:53 ± 1:02a 16:75 ± 1:60 9:70 ± 0:96a

Control group (n = 60) 18:23 ± 1:76 16:75 ± 1:63a 17:15 ± 1:45 14:42 ± 1:00a

t value 0.847 21.013 1.435 26.378

P value 0.398 <0.001 0.154 <0.001
Compared with the same group before the intervention, aP < 0:05.

Table 5: Comparison of adverse events between the two groups [cases (%)].

Group Pressure sores Aspiration Constipation Falling bed

Observation group (n = 60) 6 (10.00) 10 (16.67) 17 (28.33) 4 (6.67)

Control group (n = 60) 32 (53.33) 42 (70.00) 45 (75.00) 19 (31.67)

χ2 value 26.033 34.751 26.162 12.102

P value <0.001 <0.001 <0.001 <0.001

Table 6: Comparison of quality of life between the two groups (x ± s, points).

Group
Physical function Mental function Social function The function of material life

Before
intervention

After
intervention

Before
intervention

After
intervention

Before
intervention

After
intervention

Before
intervention

After
intervention

Observation group
(n = 60) 45:70 ± 4:39 51:27 ± 7:62a 46:07 ± 4:72 70:38 ± 6:71a 45:90 ± 4:81 65:83 ± 5:70a 49:52 ± 4:85 68:25 ± 6:09a

Control group
(n = 60) 46:47 ± 5:13 47:42 ± 5:81 47:62 ± 4:61 54:97 ± 6:88a 46:52 ± 4:51 57:80 ± 5:99a 51:12 ± 6:06 62:60 ± 6:47a

t value 0.879 3.112 1.820 12.423 0.724 7.527 1.597 4.926

P value 0.381 0.002 0.071 <0.001 0.470 <0.001 0.113 <0.001
Compared with the same group before the intervention, aP < 0:05.
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patients’ negative mood, improving patients’ airway function,
and improving patients’ quality of life. Then, targeted nursing
was carried out based on the nursing outcomes. The improve-
ment of lung function in the observation group may be related
to respiratory function training in improving patients’ airway
function. In this study, the pulmonary infection, secondary
infection, and ≥3 infection rate in the observation group were
all lower than those in the control group, indicating that nurs-
ing outcome-oriented nursing intervention had a better effect
than conventional nursing in reducing the pulmonary infec-
tion rate in the elderly long-term bedridden patients. In the
nursing intervention guided by nursing results, posture man-
agement, cough expectoration, and airway humidification
can effectively promote patients to cough up phlegm. Diffi-
culty in expectoration can easily lead to pulmonary infection,
so promoting expectoration is conducive to reducing the inci-
dence of pulmonary infection.

Comparisons of the nutritional status after intervention
showed that the levels of nutritional indicators such as total
protein, hemoglobin, albumin, and cholesterol in the obser-
vation group were higher than those in the control group,
indicating that nursing outcome-oriented nursing interven-
tion can effectively improve the nutritional status of patients.
Chronic bedridden patients may be accompanied by dyspha-
gia, leading to malnutrition and insufficient nutritional
intake, affecting patient outcomes. Therefore, proper nutri-
tional support is beneficial to reducing complications and
promoting patients’ recovery. Improving patients’ quality
of life in nursing outcome-oriented nursing intervention
includes nutritional support for elderly patients, and
in vitro nutritional support for patients with eating difficul-
ties can ensure adequate nutrition during hospitalization.
In this study, HAMA and HAMD scores of the observation
group were lower than those of the control group after the
intervention, indicating that nursing outcome-oriented
nursing intervention had a better effect on improving
patients’ bad moods than conventional nursing. Previous
studies have shown that a bad mood can affect the recovery
of patients [16–18]. In the present study, a nursing outcome-
oriented nursing intervention is aimed at improving
patients’ adverse emotional outcomes. The downbeat mood
of the long-term bedridden elderly patients was effectively
improved by encouraging them with words and creating a
good atmosphere in the wards. Previous studies have dem-
onstrated that long-term bed rest can cause multiple compli-
cations, such as pressure sores and constipation [19, 20].
Elderly patients are also prone to falling beds. Elderly
patients have poor physical function, and falling into bed
can lead to severe consequences. In the present study, the
incidence of pressure sores, aspiration, constipation, and
falling bed in the observation group was lower than that in
the control group, indicating that nursing outcome-
oriented nursing intervention can effectively reduce the inci-
dence of adverse events in long-term bedridden elderly
patients. The nursing outcome-oriented nursing interven-
tion is aimed at “improving patients’ quality of life.” Based
on the characteristics of long-term bed rest, nursing inter-
ventions targeted to prevent falling bed, venous thrombosis,
and constipation were given. In addition, airway manage-

ment was also conducive to preventing aspiration, effectively
reducing adverse events. After the intervention, the scores of
physical, psychological, social, and material life functions of
the observation group were higher than those of the control
group, indicating that nursing outcome-oriented nursing
intervention can effectively improve patients’ quality of life.
The part of “improving patients’ quality of life” in the nurs-
ing outcome-oriented nursing intervention, nutritional sup-
port, and prevention of adverse events was provided to
patients, effectively improving the nutritional status of
patients and reducing the occurrence of adverse events.

In conclusion, nursing outcome-oriented intervention
can effectively improve the lung function and nutritional sta-
tus of long-term bedridden elderly patients, relieve their neg-
ative mood, improve their quality of life, and reduce the
occurrence of adverse events such as infection and complica-
tions, showing clinical application value.
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Objective. This work is organized to analyze the clinical effects of new shoulder joint abduction frame on the bone metabolic
markers, shoulder joint function, and visual analogue scale (VAS) of humeral fracture patients undergoing arthroscopic
surgery. Methods. 118 patients with humeral fracture who planned to undergo shoulder surgery in our hospital from
November 2018 to June 2021 were selected as the study objects and were divided into two groups according to the random
number method, with 59 patients in each group. The patients in the two groups were subjected to arthroscopic shoulder
surgery. New shoulder joint abduction frame was used for shoulder joint fixation in the abduction frame group, and sling was
used for shoulder joint fixation in the sling group after surgery. The duration of fixation was 4-6 weeks. Finally, the prognostic
indicators, complications, and serum bone metabolism levels in 4 and 6 weeks after surgery, shoulder joint function (Neer
score), VAS score before surgery and after 3 and 6 months of surgery, and excellent or good rate of shoulder joint activity after
6 months of surgery were compared between the two groups. Results. The postoperative fracture healing time and start time of
shoulder joint training were shorter, and the humeral varus angle and femur height loss were smaller in the abduction frame
group than in the sling group (P < 0:05). There was no significant difference in the total incidence of complications between
the two groups (3.39% and 13.56%, respectively) (P > 0:05). After 4 or 6 weeks of surgery, the levels of serum osteoprotegerin
(OPG) and carboxyterminal propeptide of type I procollagen (PICP) were increased but the levels of tartrate-resistant acid
phosphatase-5B (TRAP-5B) were decreased in the two groups with more significant differences in the abduction frame group
(P < 0:05). After 6 months of follow-up, 2 cases were lost to follow-up in the abduction frame group and 3 cases in the sling
group. Neer scores were increased, while VAS scores were decreased in the two groups in the third or sixth months after
surgery with significant differences in the abduction frame group (P < 0:05). The excellent or good rate of shoulder joint
activity was 94.74% (54/57) in the abduction frame group, significantly higher than that in the sling group (80.36%; 45/56)
(P < 0:05). Conclusion. The fixation effect of new shoulder joint abduction frame is significant after arthroscopic surgery, and
patients can carry out functional training as early as possible, which is helpful to promote fracture healing, relieve pain, and
restore shoulder joint function with high safety.

1. Introduction

Humeral fracture is a common type of fracture, accounting for
4%~5% of total body fractures, mostly caused by violence [1,
2]. With the development of transportation industry and con-
struction industry, the incidence of humeral fracture gradually
increased. Operation is the main treatment for type iii-iv
humeral fractures. The previous treatment method is mainly
based on traditional open reduction and internal fixation,

which can restore the fracture plane and improve the function
of shoulder joint. However, this treatment method can lead to
large trauma and slow postoperative recovery, which can affect
the quality of fracture healing [3, 4]. In recent years, with the
development of minimally invasive concept, arthroscopic
shoulder surgery has been gradually applied in the treatment
of upper limb joints, and its light trauma and accurate reduc-
tion of joint plane are conducive to postoperative recovery [5].
Because humeral fracture patients need to be fixed for a period
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of time after surgery, it is difficult to perform functional exer-
cise in the early stage when sling fixation is used, which may
affect the functional recovery of shoulder joint [6]. However,
the shoulder joint abduction frame can avoid the defects
caused by conventional sling fixation, showing a good applica-
tion prospect in the rehabilitation of humeral fracture patients.
Thus, 118 patients with humeral fracture hospitalized in our
hospital were selected for the present study, aiming to reveal
the clinical advantages of joint abduction frame in shoulder
arthroscopic surgery. The contents are reported as follows.

2. Materials and Methods

2.1. Clinical Patients. A total of 118 patients with humeral frac-
ture who planned to undergo shoulder surgery in our hospital
from November 2018 to June 2021 were selected for the study,
and these patients were divided into two groups (59 cases per
group) based on the random number method. As shown in
Table 1, there were no significant differences between the two
groups in gender, age, body mass index (BMI), location of
injury, risk factors, time from injury to surgery, andmedical his-
tory of shoulder joint (P > 0:05).

2.2. Inclusion and Exclusion Criteria. Inclusion criteria: (i)
patients with a clear history of trauma. (ii) Patients had Neer
type iii-iv humeral fracture indicated by X-ray, computed
tomography (CT), or magnetic resonance imaging (MRI) with
fracture displacement >0.5 cm [7]. (iii) Patients who could nor-
mally communicate and had stable vital signs and clear con-
sciousness. (iv) Patients who met the surgical indications and
completed plate internal fixation. (v) Patients who signed the
written informed consent.

Exclusion criteria: (i) Patients with abnormal organ
function and coagulation function. (ii) Patients with coinfec-

tion of systemic diseases. (iii) Patients with a prior history of
upper limb surgery. (iv) Patients with pathological fracture.
(v) Patients with contraindications of abduction frame fixa-
tion and sling fixation after shoulder joint surgery. (vi)
Patients with osteoporosis or degenerative arthritis.

2.3. Method

2.3.1. Operation Method. All patients were subjected to plate
internal fixation, and the detailed method was shown as fol-
lows. The patient received brachial plexus anesthesia. An
incision was made in front and below the acromion, and
the deltoid muscle was dissected longitudinally to expose
the broken end of fracture. The fractured end was reset
through shoulder arthroscopy and fixed with Kirschner wire.
Then, plates were inserted and fixed using Kirschner wire.
The proximal end of the plate did not exceed the upper edge
of the greater tuberculum. The screw hole was exposed at the
distal end of 1.5 cm of the plates. The screws were inserted
and tightened and then Kirschner wire was taken out after
the determination of satisfaction of fracture reduction and
plate fitting. The shoulder joint was passively moved to con-
firm the effective fixation of the fractured end. The surgical
area was cleaned, drainage tube was placed, and the incision
was sutured. Patients in the control group received sling fix-
ation, and the detailed methods were shown as follows. On
the 1st day after surgery, the forearm, elbow, and upper
arm were covered with the “body pocket” of the sling, bend-
ing the elbow at 90degrees. The sling was knotted and tight-
ened from the chest to the back neck and fixed for 4-6weeks.
Patients in the study group were fixed using new shoulder
joint abduction frame. When the pain of the patients was
alleviated (about 4 days after surgery), the affected limb
was fixed using abduction frame. According to the stability

Table 1: Comparison of baseline data between the two groups (ð±sÞ/nð%Þ).

Baseline data Abduction frame group (n = 59) Sling group (n = 59) t/χ2/u P

Gender 2.248 0.134

Male 39 (66.10) 31 (52.54)

Female 20 (33.90) 28 (47.46)

Age (year) 59 ~ 70 64:62 ± 2:44ð Þ 60 ~ 71 65:03 ± 2:27ð Þ 0.954 0.367

BMI (kg/m2) 19:3 ~ 26:8 23:15 ± 1:65ð Þ 19:6 ~ 27:1 23:52 ± 1:58ð Þ 1.244 0.216

Location of injury 0.960 0.619

Left 29 (49.15) 35 (59.32)

Right 30 (50.85) 24 (40.68)

Risk factors 1.142 0.767

Traffic accident 32 (54.24) 30 (50.85)

Fall from height 13 (22.03) 14 (23.73)

Fall injury 10 (16.95) 8 (13.56)

Other 4 (6.78) 7 (11.86)

Time from injury to surgery (d) 1 ~ 7 3:85 ± 1:22ð Þ 1 ~ 6 3:74 ± 1:03ð Þ 0.529 0.598

Shoulder joint history 0.778 0.378

Yes 8 (13.56) 5 (8.47)

No 51 (86.44) 54 (91.53)
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and comfort of the affected limb, the abduction frame was
maintained at about 50°. Then, the abduction frame was
adjusted to 90° according to the growth situation of the
affected shoulder and fixed for 4-6 weeks. Anti-infection
treatment was given to all patients after surgery. One day
after surgery, wrist joint and fist clenching training were per-
formed. One week after surgery, elbow training was con-
ducted. Five weeks after surgery, X-ray reexamination was
carried out according to the doctor’s advice, and shoulder
functional training was carried out according to the reexam-
ination results.

2.3.2. Detection Method. 5mL venous blood was collected from
patients and centrifuged and stored at 4°C for the following
study. Then, the levels of tartrate-resistant acid phosphatase-
5B (Trap-5B), osteoprotegerin (OPG), carboxyterminal pro-
peptide of type I procollagen (PICP) were analyzed according
to the guidebooks of commercial kits (Bioscience, Tanjian,
China) using chemiluminescence immunoanalyzer (IMMU-
LITE 2000 Xpi; Siemens, Beijing, China).

2.3.3. Observational Indexes

(i) Comparison of prognostic indexes including frac-
ture healing time, postoperative shoulder training
start time, femur height loss, and humeral varus
angle between the two groups

(ii) Comparison of complications including muscle
atrophy, tissue adhesion, fracture nonunion, and
shoulder joint stiffness in the two groups

(iii) The levels of bone metabolism indexes (OPG, PICP,
and TRAP-5B) were compared between the two
groups before operation and in the fourth and sixth
weeks after operation

(iv) Comparison of shoulder joint function and pain
degree between the two groups before operation

and in the third and sixth months after operation.
Neer scale (Neer) [8] was used to evaluate shoulder
joint function, including pain, function, anatomical
function, and range of motion. The full score was
100, and the higher score indicated the better the
shoulder joint function. Visual analogue scale
(VAS) was used to assess the degree of pain [9].
The full score was 10, and the higher score indicated
the more severe pain

(v) Neer score was used to evaluate the excellent or
good rate of shoulder joint activity between the
two groups after 6 months of operation. Poor is
<70 points, average is 70-79 points, good is 80-90
points, and excellent is >90 points. Excellent or
good rate = ðexcellent cases + good casesÞ/total
number of cases × 100%

2.4. Statistical Analysis.All data were analyzed using SPSS 22.0
software. Variables data were shown as means ± standard
deviations and were compared using t test. P < 0:05 indicated
statistical significance.

3. Results

3.1. Postoperative Recovery. As shown in Table 2, shoulder
training start time and fracture healing time were shorter, and
the humeral varus angle and femur height loss were smaller in
the abduction frame group than in the sling group (P < 0:05).

3.2. Complication. As presented in Table 3, there was no sig-
nificant difference in the total incidence of complications
between the abduction frame group (3.39%) and the sling
group (13.56%) (P > 0:05).

3.3. The Levels of Serum Bone Metabolism. As shown in
Table 4, there was no significant difference in the serum levels
of OPG, PTCP, and TRAP-5b between the two groups before
operation. But the serum levels of OPG and PTCPwere higher

Table 2: Postoperative recovery of the two groups (±s).

Group Number
Postoperative shoulder training start

time (weeks)
Fracture healing time

(weeks)
Humeral varus

angle (°)
Femur height loss

(mm)

Abduction frame
group

59 4:05 ± 0:48 11:95 ± 1:15 0:85 ± 0:19 1:47 ± 0:41

Sling group 59 4:84 ± 0:52 12:88 ± 1:43 1:47 ± 0:25 2:59 ± 0:44
t value 8.575 3.893 15.166 14.304

P value <0.001 <0.001 <0.001 <0.001

Table 3: Complications n (%) of the two groups.

Group Number of cases Muscle atrophy Shoulder stiffness Muscle atrophy Nonunion of fracture Total incidence

Abduction frame group 59 0 (0.00) 1 (1.69) 0 (0.00) 1 (1.69) 2 (3.39)

Sling group 59 1 (1.69) 3 (5.08) 1 (1.69) 1 (1.69) 7 (11.86)

χ2 value 1.925

P value 0.165
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in the fourth or sixth weeks after operation than before oper-
ation with higher in the abduction frame group (P < 0:05).
On the contrary, the serum level of TRAP-5b was lower in
the fourth or sixth weeks after operation than before operation
with lower in the abduction frame group (P < 0:05).

3.4. Neer and VAS Scores.As illustrated in Table 5, there was no
significant difference in Neer and VAS scores in the two groups
before operation. But Neer score was higher in the third or sixth
months after operation in the two groups with higher in the
abduction frame group (P < 0:05). VAS score was lower in
the third or sixth months after operation in the two groups with
lower in the abduction frame group (P < 0:05).

3.5. Excellent or Good Rate of Shoulder Joint Activity. The excel-
lent or good rate of shoulder joint activity in the abduction
frame group (94.74%; 54/57) was significantly higher than that
in the sling group (80.36%; 45/56) (P < 0:05). The results were
presented in Table 6.

4. Discussion

Humerus is prone to fracture by violence, which can cause
shoulder joint mobility disorder. The upper limb is widely
used and thus higher requirements are needed in the treat-
ment of humerus fracture [10]. The treatment principle of
humeral fracture is to restore the anatomical plane of the joint,
maintain the stability of the fracture, ensure the blood circula-
tion of the humerus, and carry out functional training as early
as possible [11]. Traditional open reduction and internal fixa-
tion have large incision scar, severe soft tissue separation, and
high risk of complications. Shoulder arthroscopy surgery, as a
minimally invasive technique, has a smaller incision and can
reduce tissue damage. Moreover, shoulder arthroscopy can
clear the surgical field and is convenient for the detection of
fracture end and cartilage damage. In addition, shoulder

arthroscopy can timely remove free cartilage and improve
the accuracy of fracture end reduction. Previous studies have
suggested that the treatment of humeral fracture by arthros-
copy of shoulder is significantly effective [12, 13].

In addition to surgical treatment, early functional training
for fracture patients is an importantmethod, but joints need to
be fixed for a period of time after internal fixation surgery. As
reported [14, 15], after fixation surgery, the muscle contrac-
tion function is greatly reduced, which can cause muscle stiff-
ness, tissue adhesion, muscle atrophy, etc., affecting the
recovery of joint function. Sling fixation is a common fixation
method. Although the fixation effect can be achieved, some
studies have pointed out that this fixation method can make
the affected limb in a sagging state, which can lead to muscle
atrophy and articular capsulitis, resulting in shoulder joint
mobility disorder [16]. Shoulder joint abduction frame is a
new upper limb fixation tool, which is mainly used for conser-
vative fracture treatment and postoperative fracture fixation
clinically at present. It can stabilize joints, enable patients to
carry out functional training of affected limbs as soon as pos-
sible, and reduce the risk of loss of abductor angle and fracture
displacement. In the present work, we found that the fracture
healing time and start time of shoulder joint training were
shorter, and the humeral varus angle and femur height loss
were smaller in the abduction frame group than in the sling
group after surgery, which suggested that the application of
new shoulder joint abduction frame after shoulder arthros-
copy can enable patients to carry out functional training early,
which is conducive to fracture healing and reduces the risk of
humeral varus angle and femur height loss. But there was no
significant difference in the total incidence of complications
in the two groups, which might be related to the small number
of samples included in this study. Moreover, Neer scores and
the excellent or good rate of shoulder joint activity were higher
in the study group than in the control group. Our data indi-
cated that the new shoulder joint abduction frame had

Table 5: Neer and VAS scores of the two groups (±s, points).

Group
Number of

cases

Neer score VAS score

Preoperative
3 months after

surgery
6months after

surgery
Preoperative

3months after
surgery

6months after
surgery

Abduction frame
group

59 53:59 ± 3:59 68:72 ± 5:15a 87:44 ± 6:75a 7:12 ± 1:13 1:89 ± 0:53 0:95 ± 0:21a

Sling group 59 54:12 ± 3:27 62:59 ± 4:53a 75:52 ± 7:43a 6:95 ± 1:27 2:77 ± 0:62 1:24 ± 0:26a

t value 0.838 6.865 8.929 0.768 8.287 6.528

P value 0.404 <0.001 <0.001 0.444 <0.001 <0.001
Note: during the 6-month follow-up, 2 cases were lost to follow-up in the abduction frame group, and 3 cases in the suspension group; aP < 0:05, compared
with preoperative group.

Table 6: The excellent or good rate of shoulder joint movement in the two groups n (%).

Group Number of cases Poor General Good Excellent Total efficiency

Abduction frame group 57 0 (0.00) 3 (5.26) 25 (43.86) 29 (50.88) 54 (94.74)

Sling group 56 2 (3.57) 9 (16.07) 24 (42.86) 21 (37.50) 45 (80.36)

χ2 value 5.381

P value 0.020
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significant advantages in restoring the function of the shoulder
joint and alleviating the pain of patients with fracture after sur-
gery, which might be associated with the early exercise of
patients.

OPG is a soluble protein synthesized and secreted by
osteoblast cell lines, which is a key coupling cell in the pro-
cess of bone formation. This protein can not only reflect
the activity of osteoblasts but also inhibit the activity of oste-
oclasts and prevent bone loss [17]. PICP can reflect the syn-
thesis rate of type I collagen and indirectly reflect the activity
of bone cells and bone formation, which is conducive to the
evaluation of postoperative rehabilitation of patients [17,
18]. TRAP-5b is a glycoprotein secreted by activated macro-
phages, osteoclasts, and dendritic cells. Serum TRAP-5b can
be used as an indicator to evaluate osteoclast activity, and its
high level indicates the enhancement of osteoclast activity,
which can reduce bone strength and affect the quality of
bone healing [19]. Our results showed that the serum levels
of OPG and PTCP were higher in the fourth or sixth weeks
after operation than before operation with higher levels in
the abduction frame group. The serum level of TRAP-5b
was lower in the fourth or sixth weeks after operation than
before operation with a lower level in the abduction frame
group. Our findings suggested that new shoulder joint
abduction frame after arthroscopic shoulder surgery could
reduce the activity of osteoclasts and improve the activity
of osteoblasts, providing a suitable microenvironment for
fracture healing. The reason may be that the shoulder abduc-
tion frame makes the affected limb relax and create condi-
tions for the early training of patients. Moreover, it can
improve blood circulation and promote postoperative swell-
ing, thus providing an environment for bone metabolism.

Taken together, the use of new shoulder joint abduction
frame after arthroscopic shoulder surgery enables patients to
carry out functional training as early as possible, promote
fracture healing, and help to relieve postoperative pain,
finally restoring the affected shoulder joint function.
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Objective. The diagnostic value of CT window width technique in primary omentum infarction was evaluated by this study.
Methods. The abdominal CT data of 32 patients with clinically diagnosed abdominal omentum infarction were retrospectively
selected and analyzed. The fixed window position was 50 HU, and the window width was 135 HU, 250 HU (abdomen), 350
HU (mediastinum), and 500 HU, respectively. The detection rate of lesions was analyzed and compared. Results. Window
widths of 135 HU, 250 HU (abdomen), 350 HU (mediastinum), and 500 HU have a detection rate of 12.5% (4 cases), 62.5%
(20 cases), 100% (32 cases), 100% (32 cases) for abdominal omental lesions, respectively. However, 500 HU showed worse
abdominal bowel and parenchymal organs than 350 HU. Conclusion. According to the comprehensive image quality, the ideal
window width for diagnosis of primary omentum infarction is 350HU (mediastinal) window width.

1. Introduction

According to the etiology, it is divided into primary and sec-
ondary omental infarction [1, 2]. Among them, secondary
omental infarction is more common, including abdominal
trauma, retinal torsion, adhesion, and other abdominal
organ lesions and other main causes [3, 4]. Primary omental
infarction is an acute vascular injury on the omentum that is
rare and of unknown etiology [5, 6]. Primary tumors of the
omentum are very rare and there have been no systematic
literature review. No chapters on primary diseases and
tumors of the omentum are mentioned in classical surgery.
This article reviews the types, clinical features, and imaging
features of primary omental tumors so as to improve physi-
cians’ understanding of primary omental tumors. Abdomi-
nal CT window width technique was used to diagnose
parenchymal organs and intestines [7]. Because the omen-
tum is fat density, it is black in the conventional abdominal
window width technique, which often leads to missed diag-
nosis of omental lesions. Searching the literature on epiploic
appendagitis [8] [9], the authors suggest that the general
abdominal window width is unclear for some cases, and

even individual cases are not displayed. On the basis of
appropriate adjustment of the window width, the cases that
are missed can be clearly observed. The omentum is a com-
mon site of metastasis of ovarian cancer [10] [11], stomach
[12, 13], and colon cancer [14, 15], and is also a prone site
of granulomatous inflammation, including tuberculosis
infection and fibrosis. However, no CT window width
technique has been found in the literature for the diagno-
sis of primary greater omental infarction. Therefore, this
paper discusses the diagnostic value of CT window width
technology in primary omental infarction so as to improve
the detection rate and diagnosis rate of CT and avoid
missed diagnosis.

2. Materials and Methods

2.1. Materials. Retrospective analysis included 32 patients
with primary omental infarction diagnosed by abdominal
pain in our hospital from March 2017 to February 2022.
Among the 32 cases, 28 males and 4 female, aged 21-95
years, the average age of 39 ± 17 years. Lesion location: 14
cases of descending colon, 12 cases of sigmoid colon, and 6
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cases of ascending colon. No injury and recent-operation
history, due to short-term abdominal pain as the main
symptoms of the diagnosis, abdominal pain lasted about 1-
3 days. There was no nausea, vomiting, diarrhea, and fever.
Only 6 patients showed a slight increase in inflammatory
markers such as white blood cells, neutrophil counts, and
C-reactive protein in laboratory tests. All the 32 cases disap-
peared after clinically conservative treatment of symptoms.

2.2. Methods

2.2.1. CT Scan and Diagnosis. Scanning using Aquilion/TSX-
101A spiral CT machine, parameters were as follows:
120KV/154mA, layer thickness according to need to use
5.0/1.0mm, pitch is 1, because they are acute abdomen treat-
ment, so only 1 case performed an enhanced CT examina-
tion. Three senior professional doctors, proficient in
abdominal imaging diagnosis, diagnosed and analyzed the
abdominal CT images of 32 patients with window width
135HU, 250HU, 350HU, 500HU, and window level fixed
to 50HU.

2.2.2. Statistical Analysis. Statistical analysis was performed
using the SPSS20.0 software package, the measurement data
were expressed as mean ± standard deviation (x̄ ± S), the
diagnostic rate of primary greater omental infarction was
analyzed by one-way ANOVA with different window width.
When comparing the two groups, Duncan’s test was used,
with P less than 0.05 denoted as statistically significant
difference.

3. Results

Clinicians’ understanding can be improved by understand-
ing the types of common and rare omental tumors. The dif-
ferential diagnosis of intraperitoneal tumor and omental
tumor depends on the imaging and pathological features of
soft tissue sarcoma. Combining the relationship between
tumor and adjacent organs and carefully judging the source
of tumor blood supply can enable doctors to make more per-
fect treatment decisions. Table 1 reports the respective diag-
nosis rates and comprehensive analysis results. 32 cases of
CT showed different degrees of lamellae high density
shadows around the intestine, 22 of which showed a small
extent of plaque blur shadow, 8 cases showed a little blurred
shadow, 2 cases showed a high-density pie-shaped shadow
and calcification in the side of the intestine. 3 cases under-
went abdominal enhanced CT examination and the lesion
no enhancement. The displaying rates of images is low with
135 and 250HU window width, and some are not even dis-
played. As shown in Table 1, lesions were clearly visible in
all 16 cases at 350 HU and 500HU window widths. There
were significant differences in the diagnostic rates of
135HU, 250HU, and 350HU (500HU) window width tech-
niques for primary omental infarction (P > 0:05), and there
was no significant difference between 350HU and 500HU.
Typical image data are shown in Figure 1. After metastasis,
the distal omentum is congested, edema, thrombosis, and
even necrosis due to blood supply disturbance, forming pur-
ple mass which is also slightly hard. There were many

bloody exudates in the abdominal cavity. Toxic substances
produced by omental necrosis can cause systemic toxemia.
If coinfected, bacteria can return along the omental vein,
causing portal phlebitis.

4. Discussion

4.1. Etiology and Predilection Site. Clinical and imaging doc-
tors should pay attention to the clinical research of rare
tumors, accumulate experience, understand the occurrence,
development rules and characteristics of omental tumors,
improve the accuracy of clinical diagnosis, timely treat
patients, and make treatment more standardized and com-
prehensive. Primary omental infarction is rare, and it is an
unexplained retinal acute vascular disease [16] [17]. Due to
venous filling or abnormal venous return, omental weight
causes vascular endothelial injury, and increased intra-
abdominal pressure and anatomical variation of omental
vein can also cause omental vein thrombosis, which is recog-
nized by most experts and scholars [17, 18]. This disease is
more common in well-nourished males and is related to
obesity. There were 28 males and 4 females in this group,
which is similar to literature [19, 20]. According to previous
studies, lesions mainly occur on the right side of the omen-
tum, accounting for about 90% of all cases. There was more
fat deposition in the right part of the omentum, and the right
part was longer, more active, and easier to distort. Vascular
variability in the right omentum also increases the likelihood
of venous thrombosis [9, 17–19]. However, 26 cases were
located in the lower left abdomen, and only 6 cases in the
right lower abdomen in our cases, contrary to the reported
in the literature [19]. We analyzed the reason may be due
to the randomness of the collected data, resulting in a differ-
ence result. The right abdomen has the presence of gallblad-
der, appendix, and other organs, often causing acute
cholecystitis, appendicitis, etc., and the clinical symptoms
of primary omental infarction are very similar to acute
appendicitis and cholecystitis [20]. CT examination can pro-
vide multiplanar reconstruction to describe the anatomical
location and origin of the mass as well as the relationship
between the mass and adjacent organs and vascular system.
MRI can complement the tissue features of CT well and
has a high contrast resolution for intraperitoneal soft tissue
sarcoma, which is helpful to assess local invasion, but its
practicality for overall staging is poor. Identification of
unidentified distant metastases can be facilitated by combin-
ing positron emission tomography and CT imaging. Clini-
cians first suspect acute cholecystitis or acute appendicitis
when a patient presents right-sided abdominal pain. After
general conservative anti-inflammatory treatment, most of
them recovered, so abdominal CT examination was not per-
formed. There are relatively few organs in the left abdomen,
and when the patient presents symptoms such as abdominal
pain, CT scan is first performed to further determine the
cause [21]. Therefore, left omental infarction is more com-
mon than right omental infarction.

4.2. Pathophysiology. After the necrotic omentum is reset, a
large number of toxins can return into human blood
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through the vein of the omentum, aggravating the toxic
symptoms such as postoperative high fever. Therefore, it is
not suitable to reset the necrotic omentum before resection.
Laparoscopic resection of the greater omentum with torsion
necrosis, using ultrasonic scalpel or electrocoagulation, elec-
tric hook separation, and silk thread ligation, in order to pre-
vent too much ligated tissue or insufficient ligation and
postoperative bleeding of the stump. Although laparoscopic
surgery requires certain surgical skills, compared with tradi-
tional open surgery, the trauma is small and the recovery is
fast. All patients in this group were discharged after surgery
and were followed up for half a year without discomfort.
Ultrasound-guided percutaneous biopsy has been a common
diagnostic method for intraperitoneal lesions, such as liver,
kidney, pancreas, and other solid organs, but it is not often
used in peritoneal and omental lesions. Most diagnoses are
based on fine needle aspiration cytology, with low diagnostic
rate and poor accuracy. Only a few diagnoses are based on
small samples of histopathology. However, ultrasound-
guided percutaneous biopsy is easy to be carried out in the
outpatient department, with little damage, good safety, no
serious complications, and high diagnostic accuracy. In the
early stage, local omental vein thrombosis, adipose tissue
congestion, and occasionally a small amount of bleeding
can be seen. In the middle stage, the lesions developed fur-

ther, and the inflammatory cells infiltrated in the local
omental adipose tissue. In the late stage, inflammatory exu-
date, necrotic tissue lysis and absorption, infarction omental
adipose tissue fibrosis, hyperplastic changes, and small
punctured calcification can be seen. The infarcted omentum
is shaped “pie-like”, often accompanied by exudative
changes. When the spread is wide, it can be extended to
adjacent tissues and parietal peritoneum, and adhesion
occurs but generally does not cause thickening of the intesti-
nal wall [22, 23]. Accurate imaging of omental lesions under
ultrasound is the primary premise of biopsy. The omentum
has a relatively fixed position in front of the small intestine.
Abnormal thickness and hardness, front and side free were
shown in ultrasound results. No intestinal peristalsis, no
intestinal gas hyperecho, and easy to find lesions. The for-
mation of a hard mass in the infarct area can be found dur-
ing the operation, which is red or purple-black with hard
texture.

4.3. Diagnosis. Primary omental infarction is a diagnosis of
exclusion, which can be diagnosed according to the follow-
ing [24–26]: (1) the duration of abdominal pain is short,
mostly 1-3 days, but the signs of local peritonitis are obvious,
and the general condition is good, except for trauma, recent
surgical history, other organ diseases in the abdominal

Table 1: Diagnostic rate of different CT window widths for primary omentum infarction. The different letters 135HU, 250HU, and 350HU
indicate a significant difference of P < 0:05.

Window width 135HU 250HU 350HU 500HU

Deputy chief physician A 18.75% (6/32) 62.5% (20/32) 100% (32) 100% (32)

Deputy chief physician B 6.25% (2/32) 50% (16/32) 100% (32) 100% (32)

Deputy chief physician C 12.5% (4/32) 75% (24/32) 100%(32) 100% (32)

Comprehensive result 12:5% ± 5:1% 62:5% ± 10:21% 100% ± 0% 100% ± 0%

(a) (b) (c)

Figure 1: (A) Female, 30-year-old, primary omental infarction: 1 day of pain in the left lower quadrant of the patient, (a-d) the window
width being 135HU, 250HU, 350HU, and 500HU, respectively. (a) There is no obvious abnormal performance. (b) A little blurry
shadow around the descending colon. (c and d) The small piece of high-density shadow near the descending colon, and the surrounding
fat gap is cloudy. (B) Male, 54 years old, primary omental infarction: 2 days of right lower quadrant pain, (a-d) the window widths
135HU, 250HU, 350HU, 500HU, respectively; no obvious abnormalities in (a and b), (c and d) image can clearly show a large flake blur
shadow around the ascending colon, accompanied by turbidity around the fat gap. (C) Female, 22 years old, primary omental infarction:
the patient’s left lower quadrant pain for 2 days, the image of the window width of 350HU and the changes after the enhancement. (a)
Adjacent descending colon shown the density increased, the peripheral fat gap was blurred. (b-d) Were the arterial phase, the venous
phase, and the delayed phase shown the lesions no enhancement.
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cavity, etc. (2) CT manifested as a pie-like or flaky high-
density shadow and blurred shadow around the intestine.
(3) Diagnostic abdominal puncture can draw bloody liquid,
amylase normal or elevated is not obvious. (4) Laparoscopy
or surgery can be seen if the local large omentum becomes
black and manifested as irregular pie-shaped necrotic tissue.
The 16 cases collected in this paper were diagnosed as pri-
mary omental infarction based on the above-mentioned
(1)-(3) diagnostic criteria, and were also cured by symptom-
atic conservative treatment. Because of acute abdomen, most
of them did not undergo enhanced CT examination. After
the recommendation, one patient underwent enhanced CT
examination, and the lesion did not change. Primary omen-
tal torsion is a torsion of the omentum without any disease.
The cause is unknown and may be related to abnormal
omental anatomy. Violent activity, sudden change of posi-
tion, gastrointestinal peristalsis after overeating, changes in
intra-abdominal pressure are also causes of torsion.

The omentum is a double membrane made up of perito-
neum and adipose tissue, which includes blood vessels,
nerves, lymphatics, and connective tissue. The omentum is
connected with the greater curvature of the stomach and
the transverse colon, covering the abdominal organs in a
skirt shape. When infection, tumor, or other pathological
changes occur in the abdominal cavity, the omentum needs
to be formed by wrapping and adhesion to limit the spread
of the disease. The omentum consists of fat pads and special
tissue entities called macula. Microscopically, the macula is
an aggregate of white blood cells, mainly macrophages and
lymphocytes. The omentum is a thin structure containing
a large number of adipose tissue and macrophages, which
is represented as fat density on CT [22]. Early or mild omen-
tal infarction shows only a small amount of fat layer opacity
around the colon on CT image. Further development can be
manifested as flaky or pie-like high-density shading [17].
The lesion did not change after enhancement. Calcification
of the omentum was observed in the late infarct.

The CT window technique includes window width and
window level. Increasing the window width increases the
range of tissue density that can be observed, but the image
contrast is reduced; while the window width reduction
results in the opposite result, and the low-density portion
of the tissue is not displayed [27–30].

There are three theories about the occurrence of omental
teratoma: (1) during embryonic development, the migrated
germ cells are captured by the omentum, and the primary
teratoma of the omentum comes from the displaced germ
cells; (2) ovarian teratoma in normal position fell off due
to torsion or rupture, and it was implanted with omentum;
and (3) there is extra ovarian tissue in omentum. The obser-
vation range of the conventional abdominal window width
(135HU) is small, when the tissue around the organ such
as omentum and mesentery is not ideally displayed. When
the window width is appropriately increased to 350HU and
500HU, the changes of omentum tissue can be clearly dis-
played. In our group, the lesion display effect is poor and
easy to miss diagnosis with 135HU and 250HU window
width, and there is no case of missed diagnosis with
350HU and 500HU window width. The window width of

350HU showed clear changes in the parenchymal organs,
the intestines, and the wall of the colon wall, and the window
width of 500HU showed poor performance. Therefore, the
use of window width 350HU as the ideal window width for
the diagnosis of primary omental infarction and reduce mis-
diagnosis and missed diagnosis. The etiology of omental tor-
sion can be divided into primary and secondary. Secondary
omental torsion is a common peritonitis or postoperative
spinal cord adhesion that causes torsion during exercise.
The contents of the inguinal hernia are omentum, which is
attached to the hernia sac and forms torsion in the process
of autonomic reinnervation of the hernia. Cysts or tumors
on the omentum make the free margin of the omentum
asymmetric and easy to twist.

5. Conclusions

Mesenteric and omental lipomas are rare benign solid
tumors. Omental lipoma grows slowly, is liquid, soft in tex-
ture, and does not infiltrate the surrounding organs. Lipo-
matous lesions, which occur primarily in children and
adolescents, can easily be mistaken for normal omental fat.
Whether patients develop different nonspecific symptoms
will be determined by the size and location of the tumor.
Omental lipomas are usually asymptomatic or have progres-
sive abdominal distension, anorexia, abdominal pain, consti-
pation, abdominal distension, and weight loss. The clinical
symptoms of primary omental infarction lack specificity. In
addition to the need to distinguish it from other acute abdo-
men, the rational application of CT window width technique
is also very important. The best image performance can be
obtained by appropriate retinal tissue window width tech-
nology, which can significantly reduce the missed diagnosis
rate of primary omental infarction, provide help for clinical
diagnosis and selection of reasonable treatment plan, and
avoid delayed disease and unnecessary surgery. Preoperative
diagnosis can be made according to imaging characteristics.
Omental lipomas often appear as a polyechoic mass with an
envelope on ultrasonography. Liposarcoma can be distin-
guished from lipoma by heterologous echogenicity on B-
ultrasound, tumor size, or abundant Doppler flow signals.
Omental lipoma can be misdiagnosed as normal mesenteric
fat. Based on the above reasons, 350HU window width is
considered to be the ideal window width for diagnosing pri-
mary omental infarction and reducing misdiagnosis and
missed diagnosis. However, in daily work, conventional win-
dow width is required for diagnosis, which is mainly supple-
mented by special window width.
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Ankylosing spondylitis (AS) is a chronic inflammatory disease characterized by invasion of the joints of the central axis that involves
soft tissues and joints surrounding the spine. Stretching training rehabilitation (STR) has been widely applied for the treatment of AS.
TheWnt/β-catenin signalling pathway is closely related to AS. In this study, we aimed to explore the potential molecular mechanisms
underlying the protective effect of STR on AS both in vitro and in vivo. Male DBA/1 mice were employed to establish an AS animal
model. Hematoxylin-eosin staining showed that STR reversed pathological damages in bone tissues and the total antioxidant capacity
of AS mice and increased the antioxidant capacity by upregulating superoxide dismutase and malondialdehyde expression in DBA/1
mice. The MTT, RT-qPCR, and Western blotting results further indicated that STR improved the survival rate of cells by
downregulating the expression of target genes in the Wnt/β-catenin pathway and by inhibiting cell inflammation and apoptosis. In
conclusion, our findings indicated that STR treatment might be an effective therapeutical strategy for AS.

1. Introduction

Ankylosing spondylitis (AS) is a prototypical disease of spinal
arthritis (SpA) [1]. It is a chronic inflammatory disease charac-
terized by invasion of the joints of the central axis that involves
soft tissues and joints surrounding the spine [2, 3]. The main
clinical manifestations are trunk pain and joint swelling and
pain at the early stage of the disease, and the main manifesta-
tions of the disease are stiffness of the spine and joints [4]. Cur-
rently, the pathogenic mechanism for AS is not completely
clear. Moreover, an effective cure is unavailable, which has a
serious effect on patients’ health and daily life, and thus, it is
called “undead cancer” [5]. The main goal of AS treatment is
to control inflammation as early as possible to improve func-
tion and reduce deformity. Various ligaments of the human

body will be opened during the stretching process, heating
and sweating will occur through physical activity, and then,
the whole body will be adjusted to the best state, which is con-
venient for larger and more intense exercises [6, 7]. Stretching
is a commonmethod used in flexibility training. Through good
stretching, the joints andmuscles of the body will becomemore
flexible, whichmay effectively improve the stiffness of the limbs
and improve the flexibility of the body [8, 9]. A radical cure has
not been developed for AS. Appropriate intervention measures
are used to control symptoms, restore and maintain physiolog-
ical functions, delay disease progression, reduce the disability
rate, and improve quality of life which are the main goals of
treatment and care [10]. Studies conducted abroad have
confirmed that stretching training improves the physical
activity of patients, delays spinal sclerosis, and promotes
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disease recovery [11]. This study observes the therapeutic effect
of stretching exercise prescriptions on patients with AS and the
specific mechanism of disease treatment.

Recent studies have shown that the Wnt/β-catenin sig-
nalling pathway is closely related to AS [12]. Wnt/β-catenin
proteins bind to receptors located on the cell membrane and
activate intracellular signalling pathways through autocrine
or paracrine mechanisms, resulting in modulation of the
expression of target genes [13]. The Wnt/β-catenin signal-
ling pathway has been conformed to regulate cell prolifera-
tion, differentiation, inflammation, and apoptosis in
different human diseases and cancers [14].

In this study, DBA/1 mice were used to experimentally
verify the regulatory effect of stretching exercise on Wnt/β-
catenin activity, inflammation, and cell apoptosis. We found
that stretching exercise improved the antioxidant capacity of
AS mice. We extracted synovial cells from the ankle joint of
mice and added pathway inhibitors and agonists to explore
the effect of stretching exercise on Wnt/β-catenin activity
and cell proliferation. Our results indicated that stretching
exercise might be an effective therapeutical strategy for AS.

2. Materials and Methods

2.1. Animals and Groups. Fifty male DBA/1 mice (Vital
River, Beijing, China) of SPF grade aged 26 weeks, with an
average body weight of 21:7 ± 1:4 g, were used. The culture
room temperature was set to 22–25°C with a humidity of
50-70%, and animals were provided free access to food and
drinking water. Fifty DBA/1 mice were randomly divided
into five groups with 10 mice in each group: (1) the normal
mouse group (normal group), (2) the unprocessed AS model
mouse group (model group), (3) AS model mice receiving
routine nursing care+pressure-relief stretch (positive control
group), (4) AS model mice treated with routine nursing care
+pressure-relief stretch+simulated stretching training
(stretching exercise group), and (5) normal mice undergoing
stretching exercise. The model group and the normal group
were raised normally every day [15]. Stretching exercise was
performed as described. The mouse was gently stretched in
the direction of the lower limbs to fully stretch the mouse.
Two sessions were performed per day, and each session
included 10 stretches in 5d/week for 12 weeks. In addition,
the pressure-relief stretch was largely mimicking the actions
of the stretching exercise procedure. However, the mouse
was never stretched in the direction of the lower limbs in order
to avoid any pressures induced by the stretching motion.

2.2. Hematoxylin-Eosin (HE) Staining. Mice were anaesthe-
tized and then sacrificed by dislocation of the cervical verte-
bra. Ten minutes after confirming the death of mice, the
heart of each mouse was sequentially cardiac perfused with
10mL each of 1x PBS and 4% paraformaldehyde via the
vena cava. Then, the bone tissue was removed and placed
in a 30% sucrose solution overnight. After the tissue sunk
to the bottom, it was embedded at -80°C. Continuous coro-
nal sections were cut using a freezing slicer (Thermo Fisher
Scientific, Waltham, MA, USA). Sections were fixed with
70%, 80%, and 90% alcohol for 5 s, stained with hematoxylin

for 15 s, incubated with 1% hydrochloric acid alcohol for 5 s
and 0.5% ammonia for 10 s, and stained with eosin for 5 s.
Next, sections were washed with 1x PBS, dehydrated with
70%, 80%, and 90% alcohol for 5 s, and sealed with neutral
gum. The final stained sections were observed under a
microscope (Nikon, Tokyo, Japan) [16].

2.3. Total Antioxidant Status (TAS) Determination. Serum
samples were prepared using a standard venous blood sam-
pling protocol. Blood in mice was collected through the tail
vein (0.1mL/mouse) after anaesthesia. After centrifugation
at 3,000 × g for 10min at 4°C, the serum was obtained then
transferred to a clean tube, followed by storage at −80°C
until use. The FRAP chemical colorimetry assay was chosen.
The serum samples were analysed using the total antioxidant
status (TAS) test kit (Sigma-Aldrich, Saint Louis, MO, USA)
for the TAS determination. The operation steps are
described below: (1) Preparation: place the required speci-
mens and reagents at room temperature (18-25°C) and allow
them to slowly rewarm. (2) The test wavelength of the auto-
matic biochemical analyser (HITACHI 7600-210) was set to
580-605 nm. (3) A blank control was prepared. After calibra-
tion (2.18mmol/L) and quality control (1.47mmol/L), the
quality control range (x ± s) was 1:46 ± 0:14mmol/L, and
the quality control result was 1.41mmol/L. Thus, both calibra-
tion and quality control were appropriate for the assay. (4)
Serum samples from each group of mice were loaded into
the sample rack, and their TAS levels were measured [17, 18].

2.4. Superoxide Dismutase (SOD) Assay. Serum samples were
prepared using a standard venous blood sampling protocol.
Blood in mice was collected through the tail vein (0.1mL/
mouse) after anaesthesia. After centrifugation at 3,000 × g
for 10min at 4°C, the serum was obtained then transferred
to a clean tube, followed by storage at −80°C until use. In
an alkaline environment, pyrogallol produces its own oxida-
tion color reaction. The intensity of the color reaction caused
by self-oxidation is high or low, depending on the concen-
tration of superoxide anion radicals released during the reac-
tion. Therefore, a high concentration of superoxide anion
radicals is released during the reaction, and vice versa, a
low concentration of superoxide anion radicals. Briefly,
4.5mL of Tris-HCl-EDTA buffer, pH8.2, was placed in a
10mL colorimetric tube, incubated at 25°C for 10min, and
then added to 10mL of a 45mmol/L pyrogallol solution at
25°C. The optical density value was measured at a wave-
length of 325nm once every 30 s for a total of 4min to
obtain the autooxidation rate of pyrogallol in ODA/min. At
the same time, a blank test was performed with 10mmol/L
hydrochloric acid. For this analysis, 4.5mL of the Tris-
HCl-EDTA buffer solution, pH8.2, was placed in a 10mL
colorimetric tube and incubated at 25°C for 10min. Ten
milliliters of sample solution at 25°C was mixed quickly with
the buffer, and the density value was measured at a 325nm
wavelength at 30 s and 4min. The rate of change in the optical
density value was reported as ODB/min. SOD activity ðU/mLÞ
= ½ðODA‐ODBÞ/ODA� × 100% ÷ 50% ×V1 ÷V2 × n. Here,
V1 is the total volume of the reaction solution (mL), V2 is
the measured sample volume (mL), n is the sample diluent
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multiple, ODA is the autooxidation rate of pyrogallol, and
ODB is the change rate of the sample optical density value [19].

2.5. Malondialdehyde (MDA) Assay. Serum samples were
prepared using a standard venous blood sampling protocol.
Blood in mice was collected through the tail vein (0.1mL/
mouse) after anaesthesia. After centrifugation at 3,000 × g
for 10min at 4°C, the serum was obtained then transferred
to a clean tube, followed by storage at −80°C until use. Mal-
ondialdehyde (MDA) was heated with thiobarbituric acid
(TBA) under acidic conditions (100°C, 20-60min) to pro-
duce pink substances, and the maximum absorption peak
at 535nm was recorded to calculate the amount of lipid per-
oxidation. Briefly, 0.4mL of the test solution was added to
3.6mL of lecithin solution; then, 0.4mL of FeSO4 solution
was added to catalyse the oxidation reaction, mixed, and
placed in a constant temperature water bath shaker at 37°C
in the dark for 1 h, followed by the addition of 1mL of tri-
chloroacetic acid solution. Next, 1mL of TBA was added,
shaken well, boiled in a water bath for 15min, cooled
quickly, and centrifuged at 5000 r/min for 10min, and the
supernatant was collected, and the absorbance Ax was mea-
sured at 535 nm. The blank tube contained distilled water
instead of the sample to be tested, the operation method
was the same as that of quality control, and the absorbance
A0 of the blank tube was measured. Three parallel measure-
ments were performed [19].

2.6. Synovial Tissue Extraction and Cell Culture. Synovial
tissues were minced from mice in four different groups (nor-
mal, normal+stretching exercise, model, and model+stretch-
ing exercise) with ophthalmic scissors, digested with type I
collagenase (1mg/mL), and digested in a 37°C, 5% CO2 cell
incubator for 2 to 4 h. The sample was filtered using a
100μm pore size filter and a large and small cell strainer
and then centrifuged to pellet the cells. DMEM (Invitrogen,
Carlsbad, CA, USA) containing 10% FBS (Invitrogen) was
used to resuspend the cells and transferred to a cell culture
flask for culture; the medium was changed every 2 to 4 days.
The cell morphology and growth of the primary and post-
passage cells were observed. When the cells reached passages
3-4, they were digested to prepare a single cell suspension
with a density of 1 × 105 cells/mL. Additionally, LiCl
(10mmol/L; Sigma-Aldrich) or IWR (10mmol/L; Sigma-
Aldrich) was added to cells of the model or model+stretch-
ing exercise groups [20].

2.7. 3-(4,5)-Dimethylthiahiazo(-z-y1)-3,5-di-phenytetrazoliu
mromide (MTT) Assay. Three replicate wells in each group
were prepared; 100μL of medium was added to each well
and incubated overnight. The MTT reagent (Beyotime,
Shanghai, China) was added to each well and incubated for
4 h in the dark; the culture solution was discarded, DMSO
solution was added and shaken for 10min, and finally, the
absorbance was measured at 570nm using a microplate
reader (Molecular Devices, USA) [21]. All experiments were
performed in biological triplicates, and data are representa-
tive of three independent experiments.

2.8. RT-qPCR Analysis. Total RNA was isolated from bone
tissues and synovial cells of mice in each group using the
TRIzol reagent (Invitrogen) and converted cDNAs using
the OneScript Reverse Transcriptase OneScript cDNA Syn-
thesis Kit (Abcam, Cambridge, MA, USA). Twenty-five
microliters of Dream Taq PCR Master Mix (Abcam),
1.5μL of forward and reverse primers (Ribobio, Guangzhou,
China), 2μL of cDNAs, and 20μL of nuclease-free water
were included in the amplification reaction mixture
(50μL), and the PCR conditions were as follows: 95°C
(2min, one cycle); 35 cycles of 95°C (30 s), 58°C (30 s), and
72°C (1min) (21) [15]; and a final cycle of 72°C (10min).
The mouse β-actin gene was used as an internal control.
The following primer sequences were used: β-catenin, F: 5′
-CCACTCCAGGAATGAAGG-3′, R: 5′-AGCAGTCTCAT
TCCAAGC-3′; TNF-α, F: 5′-ATAAGAGCAAGGCAGT
GGAG-3′, R: 5′-TCCAGCAGACTCAATACACA-3′; IL-
17, F: 5′-AGCCAGAGTCCTTCAGAGAG-3′, R: 5′-TCCT
TAGCCACTCCTTCTGT-3′; Bcl-2, F: 5′-CTGGTGGAC
AACATCGC-3′, R: 5′-GGAG-AAATCAAACAGAGGC-3′;
and β-actin, F: 5′-TCACCATCTTCCAGGAGCGAG-3′, R:
5′-TGTCGCTGTTGAAGTCAGAG-3′. All experiments
were performed in biological triplicates (n = 6), and data are
representative of three independent experiments. The relative
transcript abundances (2−ΔΔCT) were calculated based on the
equation 2−ΔCT ðΔCT = CTtarget gene – CTβ‐actinÞ. The differ-
ences were determined using unpaired Student’s t-test for
comparisons between different groups. A P value of <0.05
was regarded as statistically significant.

2.9. Western Blot Assay. Western blotting was used to detect
the relative protein expression. After extracting the total pro-
tein from the bone tissue, 10-25μL was added to each well
for sodium dodecyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) (60V, when the distance migrated by bromo-
phenol blue was approximately 1 cm from the bottom of the
separation gel, stop electrophoresis) followed by wet transfer
to polyvinylidene fluoride (PVDF) membranes (Millipore, Bil-
lerica, MA, USA) at 120mA (2-3h). The membrane was
blocked with a solution containing 5% skim milk powder at
room temperature for 1h and rinsed with TBST 3 times. The
membrane was incubated with antibodies against β-catenin
(Abcam, ab32572, 1 : 5000), TNF-α (Abcam, ab183218,
1 : 1000), IL-17 (Abcam, ab79056, 1 : 2000), and β-actin
(Abcam, ab8227, 1 : 1000) at 4°C overnight, rinsed with TBST
3 times, incubated with the secondary antibody (Abcam,
ab6721, 1 : 2000) in the dark at room temperature for 2h, and
rinsed with TBST 3 times in the dark. Bands were visualized
with electrochemiluminescence (ECL) (Pierce, Rockford, IL,
USA), and analysed by ImageJ (v1.8.0; National Institutes of
Health) [22, 23].

2.10. Statistical Analysis. Statistical analyses were performed
using GraphPad Prism software (version 7.0). Data are pre-
sented as the means ± SD (standard deviations). Differences
and comparisons between multiple groups were analysed
using one-way ANOVA followed by a post hoc test (Tukey’s
test). P < 0:05 indicated a significant difference.
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3. Results

3.1. Stretching Exercise Reverses the Pathological Damage to
Bone Tissues in AS Mice. The Achilles tendon showed no
infiltration of inflammatory cells and fibroblasts and a nor-

mal morphological structure in the normal group. The
model group presented varying degrees of cartilage and bone
formation, inflammatory cells, and fibroblast-like infiltration
of attachment points. The mice in the stretching exercise
group had small Achilles tendon tissues that more frequently
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Figure 1: Effect of stretching exercise on pathological changes in the Achilles tendon of each group of AS mice. Forty DBA/1 mice were
randomly divided into four groups (n = 10/group): the normal mouse group (namely, normal group), unprocessed AS model mouse
group (namely, model group), AS model mice receiving routine nursing care+pressure-relief stretch used as a control group (namely,
positive control group), and AS model mice treated with routine nursing care+pressure-relief stretch+simulated stretching training
(namely, stretching exercise group). (a) Pathological observation of the Achilles tendon using H&E staining method to detect
osteogenesis. Arrows (in black) indicate the locations of the infiltration of inflammatory cells, fibroblasts, and cartilage and bone
formation. Bar: 100μm. (b) Cell infiltration in different groups was detected. (c–e) The effect of stretching exercise on the antioxidant
capacity of AS mice. The serum TAS (c), SOD (d), and MDA (e) levels were determined and compared between different groups of
DBA/1 mice. Data are representative of three independent experiments. Data are presented as means ± SD. Comparisons between
multiple groups were analysed using one-way ANOVA followed by a post hoc test (Tukey’s test). ∗∗P < 0:01 and ∗∗∗P < 0:001 vs.
control; #P < 0:05 and ###P < 0:001 vs. model.
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contained scattered infiltrating lymphocytes, and cartilage
and bone formation were rare (Figures 1(a) and 1(b)).
Therefore, the therapeutic effect on the stretching exercise
group was better than that on the normal group. These

results indicate that stretching exercise reverses pathological
injuries in an AS mouse model.

3.2. Stretching Exercise Increases the Antioxidant TAS of AS
Mice by Upregulating SOD Expression and Inhibiting MDA
Expression.We examined the antioxidant effect of stretching
exercise on mice with AS and found a significantly lower
serum level of the antioxidant TAS in model mice than in
normal mice, while mice in the stretching exercise group
had significantly increased TAS levels (Figure 1(c)). Based
on these results, stretching exercise improves the antioxidant
capacity of AS mice. We further measured the serum SOD
and MDA levels in each group of mice to verify the effect
of stretching exercise on the antioxidant capacity of AS mice.
The serum level of the antioxidant SOD was significantly
decreased in the model group when compared with the
normal mice (Figure 1(d)). However, after stretching exer-
cise treatment, AS mice exhibited a significant increase in
SOD levels compared with the model group (Figure 1(d)).
The MDA levels were also determined in mice of each
group. Serum levels of the MDA in mice from the model
group were significantly higher than those in healthy sub-
jects (Figure 1(e)). However, stretching exercise treatment
significantly decreased MDA levels in AS model mice
(Figure 1(e)).

3.3. Stretching Exercise Downregulates the Wnt/β-Catenin
Signalling Pathway in AS Mice and Inhibits the Expression
of Inflammatory Factors. Total RNA and proteins were
extracted from mouse plasma samples, and the relative
mRNA expression levels of inflammation-related factors
were detected using RT-qPCR. As shown in Figure 2(a),
compared with the normal group, the expression levels of
TNF-α and IL-17 in the model group were increased signif-
icantly and were then significantly reduced after stretching
exercise. Meanwhile, the expression level of the β-catenin
mRNA in the model group was significantly higher than that
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Figure 2: Stretching exercise downregulates the expression of β-catenin and inflammatory factors in AS mice. (a) TNF-α, β-catenin,
and IL-17 mRNA expression levels were detected using RT-qPCR. (b) Protein expression levels were detected using Western blot assays.
Mouse β-actin was used as an internal reference. Data are representative of three independent experiments. Data are presented as
means ± SD. Differences and comparisons between multiple groups were analysed using one-way ANOVA followed by a post hoc
test (Tukey’s test). ∗∗∗P < 0:001 vs. control; ###P < 0:001 vs. model.
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Figure 3: The effect of stretching exercise treatment on the survival
rate of synovial cells was determined using the MTT assay. Synovial
cells were extracted from the ankle joint tissues of mice (normal,
model, and model+stretching exercise). Cells in the model and
model+stretching exercise groups were treated with LiCl or IWR.
All experiments were performed in triplicates, and data are
representative of three independent experiments. Data are
presented as means ± SD. Differences and comparisons between
multiple groups were analysed using one-way ANOVA followed
by a post hoc test (Tukey’s test). ∗∗∗P < 0:001 vs. control;
#P < 0:05 and ##P < 0:01 vs. model; &&P < 0:01 and &&&P < 0:001
vs. model+stretching exercise.
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in the control group, while β-catenin expression in the
stretching exercise group was significantly decreased.
The relative protein levels were detected using Western
blot assays (Figure 2(b)). Compared with the normal
control group, the levels of inflammation-related factors
TNF-α, IL-17, and β-catenin were significantly elevated
in the model group, while stretching exercise reduced
their levels.

3.4. Stretching Exercise Improves the Viability of Synovial
Cells. We extracted synovial cells from the ankle joint tissues
of mice from three groups (normal, model, and model
+stretching exercise) and added LiCl (agonist of the canon-
ical Wnt signalling) and IWR (inhibitor of the canonical
Wnt signalling) to the cells of the model group and the
model+stretching exercise group to study the mechanism
underlying the therapeutic effect of stretching exercise on
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Figure 4: Expression of target genes in the Wnt/β-catenin signalling pathway. Total RNA was extracted from synovial cells from mice in
four groups (normal, normal+stretching exercise, model, and model+stretching exercise). Cells in the model and model+stretching
exercise groups were treated with LiCl or IWR. (a) TNF-α, (b) IL-17, (c) β-catenin, and (d) Bcl-2 mRNA expression levels were
determined using RT-qPCR. The β-actin mRNA was used as an internal reference. All experiments were performed in triplicates, and
data are representative of three independent experiments. Data are presented as means ± SD. Differences and comparisons between
multiple groups were analysed using one-way ANOVA followed by a post hoc test (Tukey’s test). ∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001
vs. control; #P < 0:05, ##P < 0:01, and ###P < 0:001 vs. model; &P < 0:05, &&P < 0:01, and &&&P < 0:001 vs. model+stretching exercise.
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AS. MTT results showed that cell in the model group has
lower viability than that in the normal group. LiCl decreased
cell viability while IWR or stretching exercise increased cell
viability. Stretching simulation reversed the effect of LiCl
and aggravated the effect of IWR on cell viability (Figure 3).

3.5. Stretching Exercise Shows Anti-inflammatory Effect and
Inhibits Cell Apoptosis by Blocking the Wnt/β-Catenin
Signalling Pathway. We extracted synovial cells from the

ankle joint tissues of mice from four groups (normal, nor-
mal+stretching exercise, model, and model+stretching exer-
cise) and added LiCl and IWR to the cells of the model
group and the model+stretching exercise group. The RT-
qPCR results revealed that cells in the model group showed
increased TNF-α, IL-17, and β-catenin mRNA expression.
Stretching exercise decreased TNF-α, IL-17, and β-catenin
mRNA levels in both normal synovial cells and model cells.
LiCl increased TNF-α, IL-17, and β-catenin mRNA
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Figure 5: Western blot assay of the levels of target proteins involved in the Wnt/β-catenin signalling pathway: (a) TNF-α, IL-17, and
β-catenin protein bands. (b) TNF-α, (c) IL-17, and (d) β-catenin quantified protein expression levels. The β-actin protein was used as
an internal reference. Total protein was extracted from synovial cells from mice in four groups (normal, normal+stretching exercise,
model, and model+stretching exercise). Cells in the model and model+stretching exercise groups were treated with LiCl or IWR. All
experiments were performed in triplicates, and data are representative of three independent experiments. Data are presented as
means ± SD. Differences and comparisons between multiple groups were analysed using one-way ANOVA followed by a post hoc
test (Tukey’s test). ∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001 vs. control; #P < 0:05, ##P < 0:01, and ###P < 0:001 vs. model; &P < 0:05
and &&P < 0:01 vs. model+stretching exercise.
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expression while IWR decreased TNF-α, IL-17, and β-
catenin mRNA expression in model cells. Stretching exercise
rescued the effects of LiCl and aggravated the effects of IWR
on TNF-α, IL-17, and β-catenin mRNA expression in model
cells (Figures 4(a)–4(c)). Figure 4(d) revealed that cells in the
model group showed decreased Bcl-2 mRNA expression.
Stretching exercise increased Bcl-2 mRNA in both normal
synovial cells and model cells. LiCl decreased Bcl-2 mRNA
expression while IWR increased Bcl-2 mRNA expression in
model cells. The stretching exercise rescued the effects of
LiCl and aggravated the effects of IWR on Bcl-2 mRNA
expression in model cells. Western blotting was further con-
ducted to reveal the protein levels of TNF-α, IL-17, and β-
catenin, and the results were the same as the RT-qPCR
results (Figures 5(a)–5(d)). These results indicated that
stretching training shows an anti-inflammatory effect and
inhibits cell apoptosis by blocking the Wnt/β-catenin signal-
ling pathway.

4. Discussion

AS is a systemic disease that is mainly caused by chronic
inflammation of the joints [24, 25]. Its incidence is mostly
related to specific genetic factors, endocrine disorders, auto-
immune function, and the external environment [26]. The
cause of the disease has not been elucidated. Currently, clini-
cians generally believe that early and timely treatment and
effective control of disease progression are particularly
important for patients [26]. Stretching training is important
for fitness exercises because it relieves fatigue symptoms,
accelerates the rate of lactic acid decomposition in the body
after exercise, and fully stretches muscle tissue [27, 28],
along with reducing the incidence of sports injuries, prevent-
ing blood stasis, and ensuring the safety of sports while
enhancing the body’s ability in all aspects [29]. The body
should not feel pain during stretching training [30]. Usually,

when the body feels comfortable, a sufficient approach is to
ensure that the muscles have a certain degree of tension.
Studies have shown that stretching training exerts a good
therapeutic effect on AS [31, 32].

In this paper, DBA/1 mice were used as a focus for
follow-up research to verify the specific mechanism by
which stretching training inhibits inflammation and apopto-
sis through the Wnt/β-catenin signalling pathway. AS is a
type of rheumatism characterized by chronic inflammation
of the axial joint and may involve the internal organs and
other tissues [33]. TNF-α, IL-6, IL-8, and IL-17 have been
identified to be overexpressed in AS patients [34]. Further-
more, in AS patients, neutrophils are activated so that reac-
tive oxygen species are generated, resulting in oxidative
stress [35]. Naringin represses AS progression via inhibiting
inflammation and oxidative stress in mice [36]. We found
that stretching training effectively improves the antioxidant
capacity of AS mice and effectively alleviates inflammation
associated with AS. It reduces the pathological damage of
AS and downregulates TNF-α, IL-17, and β-catenin expres-
sion. The Wnt pathway has been confirmed to be closely
associated with AS development [37]. For example, miR-
148a-3p facilitates osteogenic differentiation of fibroblasts
in AS by activating the Wnt pathway and targeting DKK1
[38]. miR-22-3p by M2 macrophage-derived extracellular
vesicles facilitates the development of AS through the Wnt/
β-catenin pathway [39]. We subsequently extracted synovial
cells from DBA/1 mice and treated some cells with Wnt/β-
catenin inhibitor or agonist. Compared with the model
group, the expression of the TNF-α, IL-17, and β-catenin
was increased by LiCl and decreased by IWR. Stretching
exercise rescued the effects of LiCl and aggravated the effects
of IWR on TNF-α, IL-17, and β-catenin expression. Expres-
sion of antiapoptotic factor Bcl-2 showed the opposite trend
under the same treatment. These results indicated that the
therapeutical effect of stretching exercise on AS is mediated

𝛽-catenin

IL-17
TNF-𝛼

Wnt/𝛽-catenin

Anti-inflammation

Bcl-2 Anti-apoptosis

Cellular response
to the stretching

exercise treatment
on AS model

Figure 6: Summary of the cellular response and potential molecular mechanism of stretching training treatment on AS model. Stretching
training treatment improved the viability of synovial cells in vitro and downregulated the expression of target genes in the Wnt/β-catenin
signalling pathway, inhibited inflammation and cell apoptosis, and relieved pathological damages in bone tissue in DBA/1 mice of AS.
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by the Wnt/β-catenin axis. Stretching exercise inhibits cell
inflammation and apoptosis through blocking the Wnt/β-
catenin signalling pathway.

Based on this study, stretching exercise could signifi-
cantly improve the antioxidant capacity of AS mice by
increasing the serum level of TAS, SOD, and MDA in vivo.
This provides an interesting point worthy of discussion
and further investigation. Many diseases, such as cardiovas-
cular diseases, neurodegenerative disease, cancer, diabetes,
atherosclerosis, inflammatory diseases, and premature aging,
are all related to oxidative stress [40]. However, there is little
information available on the potential indicators for the
application of stretching exercise in the treatment of oxida-
tive stress-related diseases, and few mechanisms have been
excavated. Therefore, our results might enlighten the
research and clinical treatment of oxidative stress-induced
bone-related diseases and have a certain significance of ref-
erence for other oxidative stress-induced diseases.

In summary, we experimentally verified the regulatory
effect of stretching exercise on Wnt/β-catenin signalling
and its inhibition of inflammation and the occurrence of
apoptosis. Stretching exercise improves the antioxidant
capacity of AS mice by regulating Wnt/β-catenin signalling
(Figure 6). Our results indicated that stretching exercise
might be an effective therapeutical strategy for AS treatment,
although further clinical evidence is needed.
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Objective. To investigate the effect of enteral and parenteral nutrition support (EPNS) on pulmonary function in elderly patients
with chronic obstructive pulmonary disease (COPD) complicated by respiratory failure (RF).Methods. A total of 127 patients who
underwent treatment for elderly patients with COPD complicated by RF in our hospital from February 2020 to May 2022 were
collected for a retrospective analysis. There were 41 patients with enteral nutrition support (group A), 46 with parenteral
nutrition support (group B), and 40 with EPNS (group C). The levels of serum albumin (ALB), prealbumin (PA), serum
hemoglobin (Hb), and serum transferrin (TRF) were measured before and after nutritional support in the three groups, and
the changes in pulmonary function of patients were compared. The changes in the levels of inflammatory factors and markers
of oxidative stress (OS) in serum were also detected, and the incidence of adverse reactions and length of stay (LOS) were
counted. Results. ALB, PA, Hb, and TRF levels were increased in all 3 groups after nutritional support, with the highest in
group C (P < 0:05). Similarly, lung function was improved in all 3 groups and inflammatory factor levels and OS were
suppressed, also most dramatically in group C (P < 0:05). There was no difference in the incidence of adverse reactions among
the 3 groups, and the LOS in group C was shorter than those in groups A and B (P < 0:05). Conclusion. EPNS can effectively
improve the lung function of patients with COPD combined with RF and reduce the inflammation and OS damage. It can
effectively improve the therapeutic effect of patients and has great application prospects in the treatment of COPD combined
with RH in the future.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic
inflammation of the airways caused by a variety of causes,
including long-term smoking, exposure to harmful gases,
and harmful particles [1]. It occurs in middle-aged and
elderly people; according to the survey statistics, the global
incidence of COPD over 40 years old has been as high as
9% to 10% [2]. Long-term cough, sputum, and gradual onset
of wheezing after activity, shortness of breath, and decreased
activity tolerance are the main clinical manifestations of
COPD in the elderly, with the development of the disease,

different degrees of neurological symptoms (such as insom-
nia, irritability, and coma), and circulatory system disorders
(such as skin congestion and increased blood pressure) [3].
In most patients, COPD is often combined with other dis-
eases with remarkable clinical symptoms, among which
respiratory failure (RF) is a common complication of COPD
in the elderly, increasing the disability and mortality rates of
COPD and causing greater suffering and harm to the elderly
[4]. At present, COPD combined with RF patients need to
take antibiotics, oxygen therapy, mechanical ventilation,
and other comprehensive treatment; the long treatment
cycle is easy to lead to intestinal flora disorders, causing
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digestion and absorption disorders; on the one hand, it
affects the effect of treatment but also may cause more dam-
age to their body [5, 6].

Nutritional support can provide COPD patients with
energy and nutrients required for body metabolism and help
improve patients’ immune function and is a key measure to
reduce nutritional loss and malnutrition in elderly patients
with COPD complicated by RF [7, 8]. A review of the data
revealed that enteral and parenteral nutrition support
(EPNS) is a new model clinically, combining the advantages
of enteral nutrition support and parenteral nutrition sup-
port, which can provide more reliable treatment coverage
for patients [9]. However, the literature on research related
to EPNS in elderly COPD complicated by RF is still rela-
tively scarce and lacks reliable references.

We believe that the use of EPNS can provide patients
with COPD complicated with RF a better nutritional status,
thereby enhancing clinical treatment effects and improving
patient outcomes. Therefore, to provide a reliable theoretical
basis for the future clinical treatment of COPD with RF in
the elderly, this study will analyze the application of EPNS.

2. Materials and Methods

2.1. Study Area. The study was carried out from February
2020 to July 2022.

2.2. Research Object. A total of 127 patients who underwent
treatment for elderly patients with COPD complicated by RF
in our hospital from February 2020 to May 2022 were col-
lected for a retrospective analysis. There were 41 patients
with enteral nutrition support (group A), 46 with parenteral
nutrition support (group B), and 40 with EPNS (group C).
This study was approved by the medical ethics committee.

2.3. Exclusion and Inclusion Criteria. The inclusion criteria
are as follows: patients diagnosed with COPD complicated
by RF [10] by our hospital; patients with complete medical
records, age > 65 years, patients which agreed to cooperate
and participate in our medical staff arrangements, patients
which might receive parenteral and enteral nutrition sup-
port, and patients or their immediate family members hav-
ing signed an informed consent form. The exclusion
criteria are as follows: patients with other malignancies,
patients with multiple chronic diseases, patients with other
cardiovascular diseases, patients with organ dysfunction,
patients with drug allergies, patients with mental illness or
physical disability who cannot take care of themselves, and
patients who were transferred to another hospital.

2.4. Treatment Methods. All three groups of patients were
admitted to the hospital to receive uniform conventional
treatment, such as anti-infection, sputumification, antispas-
modic and asthma, correction of water-electrolyte disorders,
and maintenance of acid-base balance. Group A received
enteral nutrition support on this basis with enteral nutrition
suspension (enteral nutritional suspension (TPF)) 500mL
(1.5 kcal/mL), purchased from NUTRICIA (Wuxi). A feed-
ing tube was implanted into the upper portion of the stom-
ach, duodenum, or jejunum before connection, with an

energy density of 1Kcal/mL. The initial rate should be slow,
with a normal rate of 100 to 125mL/h, and the dose adjusted
according to the condition of patients. Patients’ gastrointes-
tinal tolerance and timely intervention were assessed regu-
larly. Group B received parenteral nutrition support based
on conventional treatment, using a central venous puncture
cannula, prepared from sugar, fat, amino acids, electrolytes,
vitamins, trace elements, phosphorus preparations, sodium
heparin, insulin, and ranitidine preparations, with a pump
rate of 50–80mL/h and a total volume of 700–1500mL/d.
Group C received EPNS based on conventional treatment.
Firstly, patients were given enteral nutritional support to
supplement the set standard energy value and the shortage
was completed by parenteral nutritional support until the
energy supplementation standard was fully satisfied and
then stopped.

2.5. Testing Indexes

(1) Changes in nutritional parameters [11] before and
after nutritional support in three groups of patients,
including serum albumin (ALB), prealbumin (PA)
levels (fully automated biochemical analyzer), serum
hemoglobin (Hb) levels (fully automated hematocrit
analyzer), and serum transferrin (TRF) levels
(ARRAY 360 special protein analyzer)

(2) Changes in pulmonary function parameters [12]
before and after nutritional support in the three
groups, including left ventricular ejection fraction
(LVEF) (cardiac ultrasound), forced expiratory vol-
ume in the first second (FEV1), forced expiratory
volume in 1 second percentage (FEV1%) predicted
(FEV1%pred), and forced expiratory volume in 1
second (FEV1) and forced vital capacity (FVC)
(FEV1/FVC) (FGC-A spirometer)

(3) Changes in inflammatory factors, including serum
tumor necrosis factor α (TNF-α), high-sensitive C-
reactive protein (hs-CRP), calcitoninogen (PCT),
and interleukin 10 (IL-10) levels (enzyme-linked
immunosorbent assay), before and after nutritional
support in the three groups of patients

(4) Oxidative stress indicators [13], including superox-
ide dismutase (SOD) and malondialdehyde (MDA)
(enzyme-linked immunosorbent assay)

(5) Incidence of complications during treatment in the
three groups of patients (incidence = number of
complications/total number × 100%)

(6) LOS in the three groups of patients

2.6. Statistical Methods. The data were statistically analyzed
via SPSS 23.0 statistical software. The counting data were
expressed as the rate, and the measurement data were repre-
sented as mean ± standard deviation. The counting data
were assessed through chi square, and one-way ANOVA
and LSD post hoc tests were used for comparison between
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multiple groups. Differences were considered statistically
remarkable at P < 0:05.

3. Results

3.1. Summary of Results. ALB, PA, Hb, and TRF levels were
increased in all 3 groups after nutritional support, with the
highest in group C (P < 0:05). Inflammatory factor levels
and OS were suppressed, also most dramatically in group
C (P < 0:05). The LOS in group C was shorter than those
in groups A and B (P < 0:05).

3.2. Comparison of Three Groups of Baseline Data. Baseline
data were collected and collated from patients in groups A,
B, and C. Statistical analysis was performed to compare the
age, gender, course of disease, number of hypertension/dia-
betes comorbidities, and nationality of patients in the three
groups. It manifested that all three groups saw no statisti-
cally obvious differences (P > 0:05, Table 1), suggesting that
patients were comparable.

3.3. Changes in Nutritional Indexes before and after
Nutritional Support in Three Groups. There was no differ-
ence in ALB, PA, Hb, and TRF levels among the three
groups before nutritional support (P > 0:05); ALB was
higher in group C (39:27 ± 1:98 g/L) than in group B
(34:08 ± 2:21 g/L) after nutritional support, while ALB was
higher in group B than in group A (P < 0:05, Figure 1(a)).
PA levels increased in all three groups after nutritional sup-
port, and the level in group C (266:21 ± 35:78mg/L) was
higher than those in the other two groups (P < 0:05,
Figure 1(b)). The Hb levels of the three groups were the
same as the above, and the level in group C
(122:84 ± 5:47 g/L) was higher than that in group B
(114:11 ± 5:96 g/L) versus group A (103:36 ± 6:77 g/L) after
nutritional support (P < 0:05, Figure 1(c)). Finally, the TRF
test revealed that group C was also higher than groups B
and A after nutritional support (P < 0:05, Figure 1(d)).

3.4. Changes in Pulmonary Function Indexes before and after
Nutritional Support in Three Groups. There was no differ-
ence in pulmonary function indexes between the three
groups before nutritional support (P > 0:05), and they all
increased after nutritional support (P < 0:05). LVEF, FEV1,
EEV1, and FEV1/FVC were 52:75 ± 1:74%, 2:13 ± 0:46%,
70:13 ± 5:25%, and 73:48 ± 7:80%, respectively, higher in
group C than in the other two groups after nutritional sup-

port (P < 0:05), whereas there was no difference between
groups A and B (P > 0:05, Figures 2(a)–2(d)).

3.5. Changes in Inflammatory Factors before Nutritional
Support in Three Groups. Similarly, there was no difference
in inflammatory factor levels in all 3 groups before nutri-
tional support (P > 0:05) and TNF-α was 92:29 ± 8:24 ng/L
in group C after nutritional support, which was higher than
those in groups A and B (P < 0:05, Figure 3(a)). And hs-CRP
in group C was 6:08 ± 1:15mg/L, again the lowest of the 3
groups (P < 0:05, Figure 3(b)). PCT was also higher in
groups A and B than in group C when the 3 groups were
compared (P < 0:05, Figure 3(c)), while the IL-10 levels in
the 3 groups revealed that group C was lower than groups
A and B (P < 0:05, Figure 3(d)). TNF-α, hs-CRP, PCT, and
IL-10 were lower in all 3 groups after nutritional support
than before nutritional support (P < 0:05).

3.6. Comparison of Oxidative Stress Response before and after
Nutritional Support in Three Groups. SOD were 40:61 ±
16:53U/mL, 41:23 ± 17:39U/mL, and 57:06 ± 14:72U/mL
in groups A, B, and C, respectively, after nutritional support,
which was higher than before nutritional support, with the
highest in group C (P < 0:05, Figure 4(a)), while MDA was
5:84 ± 1:55 μmol/L, 5:90 ± 1:51μmol/L, and 5:16 ± 1:16 μ
mol/L in the 3 groups after nutritional support, all of which
were lower than before support, with group C being the low-
est (P < 0:05, Figure 4(b)).

3.7. Incidence of Adverse Reactions during Treatment in the
Three Groups of Patients. During the treatment period, the
incidence of adverse reactions was 9.76% in group A,
21.74% in group B, and 12.50% in group C. There was no
statistically marked difference in the incidence of adverse
reactions among the three groups (P > 0:05, Table 2).

3.8. Comparison of LOS between the Three Groups. Statisti-
cally, the LOS was 13:83 ± 2:07 d in group A, 13:70 ± 1:82
d in group B, and 10:13 ± 1:71 d in group C. Statistical anal-
ysis denoted no difference in LOS between patients in
groups A and B (P > 0:05), while it was lower with group
C than with groups A and B (P < 0:05, Figure 5).

4. Discussion

COPD is one of the diseases with high morbidity and mor-
tality worldwide, and its mortality rate is even higher than
that of some malignant diseases [14, 15]. For COPD patients

Table 1: Comparison of three groups of baseline data.

Group n Age Sex (male/female) Course of disease (years)
Comorbidities

(hypertension/diabetes)
Nationality

(Han/minority)

Group A 41 69:9 ± 3:5 23 (56.1)/18 (43.9) 6:7 ± 1:4 10 (24.4)/9 (21.6) 37 (90.2)/4 (9.8)

Group B 46 70:0 ± 3:9 25 (54.3)/21 (45.7) 6:3 ± 1:0 11 (23.9)/8 (17.4) 41 (89.1)/5 (10.9)

Group C 40 70:8 ± 3:1 19 (47.5)/21 (52.5) 6:2 ± 1:2 9 (22.5)/7 (17.5) 36 (90.0)/4 (10.0)

χ2/F 0.796 0.674 1.985 0.492 0.034

P 0.454 0.614 0.142 0.974 0.984
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with concomitant RF, the progression is more aggressive and
the prognostic mortality is further increased [16]. How to
effectively relieve patients’ clinical symptoms and improve
their prognosis has become a hot spot and a difficult task
in modern clinical work. The use of nutritional support in
COPD is gradually gaining clinical attention. At present,
the effectiveness of conventional enteral and parenteral
nutrition support in COPD has been verified several times
but there is room for further improvement in both. For
example, Singer found that enteral nutrition support can
help reduce systemic inflammatory response in intensive
care unit (ICU) patients but long-term use will lead to the
decline of organ function [17]. Senkal et al. stated that par-
enteral nutrition support is suitable for long-term use after
gastrointestinal surgery, but the incidence of complications
and adverse reactions in patients has a certain trend of

increasing [18]. EPNS, a nutritional support regimen that
combines the advantages of enteral and parenteral nutri-
tional support, has achieved remarkable results in the treat-
ment of diseases such as pneumonia [19, 20]. If the
application effect on patients with COPD complicated with
RF can be confirmed, it will effectively improve the thera-
peutic effect of COPD complicated with RF and improve
the prognosis of patients, which has extremely important
clinical significance.

ALB, TF, PA, and Hb, as nutrients in the human body,
have multiple processes involved in substance synthesis,
maintenance of osmolality, and promotion of erythrocyte
maturation and protein metabolism [21–23]. In contrast,
ALB, TF, PA, and Hb were effectively elevated in patients
with COPD combined with RF under the three nutritional
support regimens of enteral, parenteral, and EPNS, with
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Figure 1: Changes in nutritional indexes before and after nutritional support in three groups. (a) Changes in ALB before and after
nutritional support in three groups. (b) Changes in PA before and after nutritional support in three groups. (c) Changes in Hb before
and after nutritional support in three groups. (d) Changes in TRF before and after nutritional support in three groups. ∗Comparison
with the same group before treatment ð∗P < 0:05Þ; #comparison with group A after the treatment (#P < 0:05); &comparison with group B
after the treatment (&P < 0:05).
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the most remarkable tips in group C patients using EPNS,
which is also consistent with the results of previous studies
[24] and can confirm the value of EPNS in COPD. It is well
known that enteral nutrition support is supplemented by
oral and nasal feeding into the gastrointestinal tract for
digestion and absorption, which effectively protects the
function of the gastrointestinal tract, reduces the occurrence
of systemic inflammatory reactions and multiorgan failure,
and enables COPD patients to get offline as much as possible
[25]. However, there are problems of intolerance and under-
feeding, which make it difficult to rapidly improve the nutri-
tional status of patients with AECOPD [26]. Parenteral
nutrition support is supplemented through blood circula-
tion; although it provides more adequate nutrients, it

increases the intestinal burden of patients and is less safe
[27]. EPNS combines the advantages of both nutritional sup-
port regimens, giving the organism sufficient nutritional
supply based on safeguarding the function of the gastroin-
testinal tract [28]. Thus, the nutritional status of patients is
more markedly improved. In addition, because of the sever-
ity of symptoms in patients with COPD combined with RF,
mechanical ventilation is often required and invasive proce-
dures are accompanied by severe stress and immune damage
[29]. Therefore, patients’ pulmonary function, inflamma-
tion, and stress injury are also worthy of clinical attention.
In this study, we saw an increase in pulmonary function
and a decrease in inflammation and OS in all three groups
after treatment, again most significantly in group C, further
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Figure 2: Changes in pulmonary function indexes before and after nutritional support in three groups. (a) Changes in LVEF before and
after nutritional support in three groups. (b) Changes in FEV1 before and after nutritional support in three groups. (c) Changes in EEV1
before and after nutritional support in three groups. (d) Changes in FEV1/FVC before and after nutritional support in three groups. ∗

Comparison with the same group before treatment ð∗P < 0:05Þ; #comparison with group A after the treatment (#P < 0:05); &comparison
with group B after the treatment (&P < 0:05).
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demonstrating the excellent results of EPNS application. It
has been noted in previous studies that EPNS leads to an
increase in nutrients in patients, the recovery of the body’s
immune system, and the enhancement of their immunity
[30]. In COPD patients, the use of EPNS is also more
effective in improving ventilation and reducing ventilator
dependence, thus improving patients’ recovery more com-
prehensively. The difference in adverse effects was seen
when comparing the three groups of patients, which also
indicates that EPNS has a high-safety profile and can be pro-
moted in COPD patients. Nevertheless, this may also be a
statistical calculation chance due to the small number of cases
included in this study, which requires our subsequent valida-
tion and analysis. Finally, the LOS of patients in group C was
reduced, which also once again verified that EPNS could not

only improve patients’ recovery but also shorten their recov-
ery period and provide a more reliable prognosis. In previous
studies, we found that the application of EPNS has an excel-
lent effect on improving the prognosis and quality of life of
patients. This is because EPNS helps to promote the recovery
of various body functions in patients and can create a good
environment for the normal functioning of organ functions
[31, 32]. For COPD with the possibility of recurrent attacks,
the use of EPNS may also reduce the prognosis of patients
with disease recurrence, which is also of great significance
for COPD.

The prognosis of the three groups of patients cannot be
assessed at this time, because we did not perform a prognos-
tic follow-up. In addition, in studies about enteral nutrition
support, the change of intestinal flora of patients is also a
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Figure 3: Changes in inflammatory factors before nutritional support in three groups. (a) Changes in TNF-α before and after nutritional
support in three groups. (b) Changes in hs-CRP before and after nutritional support in three groups. (c) Changes in PCT before and
after nutritional support in three groups. (d) Changes in IL-10 before and after nutritional support in three groups. ∗Comparison with
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focus of attention and the analysis of intestinal flora exami-
nation was not performed, which also needs to be confirmed
by our experiments as soon as possible. Besides, we still need
to expand the number of cases in the study population to
obtain more representative results for clinical reference.

5. Conclusion

EPNS can effectively improve the lung function of patients
with COPD combined with RF, reduce the inflammation
and OS damage, and provide a more reliable prognosis for
patients. Hence, it is worth popularizing.
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Table 2: Incidence of adverse reactions during treatment in the three groups of patients.

Group n Bloating Diarrhea Metabolic complications Infectious complications Incidence of adverse reactions

Group A 41 1 (2.44) 1 (2.44) 2 (4.88) 0 (0.00) 9.76

Group B 46 3 (6.52) 2 (4.35) 3 (6.52) 2 (4.35) 21.74

Group C 40 2 (5.00) 2 (5.00) 1 (2.50) 0 (0.00) 12.50

χ2 2.725

P 0.256
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Background. Peripherally inserted central catheter (PICC) is the most commonly used infusion route for chemotherapy in Chinese
breast cancer patients because of its convenience, ease of operation, and many maintenance sites. Objective. The objective of this
study is to investigate the effect of the first dressing change time on the healing of puncture site and the economic and
psychological impact in patients with breast cancer after PICC insertion. Methods. From April 2020 to October 2020, 120
patients with PICC intubation after breast cancer surgery were selected as the research objects and divided into test group and
the control group with 60 cases in each group according to the random number table method. The time of the first dressing
change in the control group was routinely performed within 24 hours after PICC catheter placement, while the first dressing
change in test group was performed at 48 hours after catheter placement. The effect of the first dressing change time after
PICC catheterization on patients after breast cancer surgery was compared between the two groups. Results. There were
significant differences between the two groups in the degree of pain after the first dressing change, the degree of oozing at the
puncture site within 1 week, the duration of oozing, and the frequency of maintenance within 3 weeks, cost, depression, and
anxiety (P < 0:05). Conclusion. The first dressing change 48 hours after PICC cauterization in patients after breast cancer
surgery reduces significantly puncture site bleeding, reduces the frequency of dressing change, and benefits the physical and
mental health of patients.

1. Introduction

Chemotherapy is one of the main treatment methods for breast
cancer patients, but long-term chemotherapy has certain dam-
age and stimulation to the blood vessels of patients. Peripherally
inserted central catheter (PICC) is the most popular breast can-
cer surgery in China due to its convenience, ease of operation,
and many maintenance sites. The most common route of infu-
sion for patients after chemotherapy is PICC [1]. China’s “Infu-
sion Therapy Nursing Practice Guidelines and Implementation
Rules” proposes that the puncture dressing should be changed
for the first time within 24 hours after PICC catheterization
[2]. However, in clinical observation, it was found that patients
with breast cancer after PICC intubation often experienced dif-
ferent degrees of blood oozing at the puncture site for several
consecutive days after 24 hours of dressing change [3]. The
patient complained of pain at the puncture port and bleeding

from the puncture port during the first dressing change. Fre-
quent dressing changes also increase the patient’s economic
[4] and psychological stress [5, 6].

Some studies have shown that prolonging the first dressing
change time of PICC in patients with hematological tumors can
reduce the occurrence of bleeding at the puncture point [7].
However, the current research on the time of the first PICC
dressing change has not done in-depth research on the effects
of pain, psychology, and other aspects of patients. Breast cancer
patients are mostly women, with low tolerance to pain, and
their psychological state is easily affected by multiple factors
[8], and is prone to depression, anxiety, and other emotions
[9–11]. In order to improve the overall comfort of breast cancer
patients undergoing chemotherapy after PICC intubation, we
changed the time of the first dressing change after PICC intuba-
tion to explore its clinical, psychological, and economic effects
on patients after PICC intubation.
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2. Material and Methods

2.1. Research Object. Patients with postoperative breast can-
cer who were to undergo PICC placement from April 2020
to October 2020 in the breast department of a large compre-
hensive tertiary care hospital in Guangzhou, Guangdong
Province, were selected for the study, and PICC placement
under ultrasound guidance was performed by the same
nurse. Inclusion criteria: (1) Patients with postoperative che-
motherapy for breast cancer; (2) Age ≧18 years; (3) The
patient agrees and cooperates with PICC; (4) The upper limb
on the placement side meets the placement conditions; (5)
Has basic cognitive ability and communication skills. Exclu-
sion criteria are as follows: (1) postoperative bilateral breast
cancer; (2) history of psychological disorders; (3) advanced
postoperative metastasis; and (4) preoperative neoadjuvant
therapy has been performed. Finally, 120 patients were
obtained for the study. All study subjects were numbered
according to the order of tube placement and divided into
60 cases each in the control group and test group in a 1 : 1
ratio.

2.2. Methods

2.2.1. Insertion Methods and Management. (1) Piercing nurse
qualification: more than 10 years in PICC placement practice.
(2) PICC: uniform manufacturer, using the 4Fr catheter made
by Bard, USA. (3) Puncture site: postoperative healthy upper
limb, placement vessel with your vein as the first choice,
followed by the median elbow vein and brachial vein. Avoid
the damaged skin vessels, and choose 4~8 cm above the elbow
for puncture. (4) The procedure of tube placement: B
ultrasound-guided puncture was performed using the Seldin-
ger technique, and hemostasis was achieved with sterile gauze
during tube placement. The weight of the blooded gauze was
measured with an electronic scale, and the weight difference
between it and the same size of dry gauze was calculated and
recorded as bleeding volume. The puncture port was com-
pressed with a 10cm×10cm sterile gauze block folded in 8
layers to stop bleeding, plus IV3000 sterile transparent dress-
ing for fixation. (5) Confirmation of catheter position: After
successful placement, press the puncture site for 30min, and
go to the radiology department to take an orthopantomogram
of the chest to determine the position of the catheter tip. The
tip of the catheter was located in the lower 1/3 of the superior
vena cava, indicating successful catheter placement. (6) Post-
operative maintenance: The first changing medical dressings
were performed by a trained and qualified nurse within 24-h
catheter placement in the control group, while the first chang-
ing medical dressings were performed within 24-h catheter
placement in the test group. Patients in both groups should
be continuously observed for 3 weeks after the first changing
medical dressings. If there was no bleeding from the puncture
port, loosening of the patch, or discomfort of the rash at the
patch, the dressing was changed once a week. Once bleeding
from the puncture port is detected, the dressing should be
changed at any time until the bleeding stops.

2.3. Observation Indicator. 1) Degree of bleeding at the
puncture site: (i) No bleeding: no bleeding after placement;

mild bleeding: a small amount of bleeding can be seen in
the dressing at the puncture site after the patient is active;
(ii) moderate bleeding: a small or moderate bleeding can
be seen at the puncture site when lying still , but not beyond
the catheter wall; (iii) Severe bleeding: massive bleeding at
the puncture site can be seen along the PICC catheter wall
[12]. 2) Duration of bleeding at the puncture site: (i) Grade
0: a small amount of bleeding was seen 24 hours after the
dressing was placed, but no fresh blood was seen; (ii) Grade
I: bleeding at the puncture site continued for 2-3 days; (iii)
Grade II: bleeding at the puncture site for 4-5 days; (iv)
Grade III: bleeding at the puncture site for 6 days or more
[13]. Patients were assessed for pain at the puncture site at
the time of the first dressing change. (4) Generalized Anxiety
Disorder Questionnaire (GAD-7): This scale was developed
by American scholars Pulitzer et al. [14] and Chineseized
by Qu Shan and Shengli [15] and is a concise and effective
anxiety self-assessment tool. The scale contains a total of 7
entries and is used to understand the patient’s emotional
state in the past 2 weeks. The scale is rated on a 4-point
Likert scale, with 0 being “not at all,” 1 being “occasionally
for a few days,” 2 being “often,” and 3 being “Every day.”
The total score ranges from 0 to 21. The Bernbach’s alpha
coefficient was 0.898, and the retest reliability was 0.856.
Patient Health Questionnaire Depression Scale (PHQ-9):
this scale, developed by Williams et al. [16] and tested for
reliability in Chinese version by Xu Yong et al. [17], is an
important tool used to assess depression and contains a total
of 9 items to evaluate the subjects’ emotional state in the past
2 weeks. The scale was scored on a 4-point Likert scale, with
scores ranging from 0 to 3 representing “not at all” to “every
day.” The total score of the scale ranged from 0 to 27. The
Cronbach’s alpha coefficient was 0.833, and the retest reli-
ability was 0.801.

2.4. Statistical Analysis. SPSS 26.0 software was used for data
analysis in this study, and the measurement data were
expressed as mean standard deviation, and the count data
were expressed as frequency and percentage. The t-test was
used for measurement data between two groups (age, num-
ber of punctures, number of transfers, and bleeding volume);
chi-square analysis was used for count data between two
groups (occupation, marital status, side of placement, vascu-
lar, platelet abnormalities, and chemotherapy regimen); Wil-
ton rank sum test was used for grade data between two
groups (education, monthly income, and TNM stage); anxi-
ety and depression scores of the same patient before and
after PICC placement paired t-test were used for changes
in anxiety and depression scores before and after PICC
placement in the same patient. P < 0:05 was considered sta-
tistically significant.

3. Results

3.1. Comparison of General Data between Two Groups. A
total of 60 cases in the control group and the test group were
included in this study. The age of the control group was
(45.329.0) years old, and the age of the test group was
(48.489.10) years old; there was no significant difference in
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education, occupation, monthly income, and marriage
between the two groups; 30 (50%) cases of left upper limb
cauterization in the test group. There were 30 (50%) cases
of right upper extremity cauterization. 29 (48.3%) cases of

left upper extremity cauterization, and 31 (51.7%) cases of
right upper extremity cauterization in the control group.
There were no significant differences in the anterior platelet
abnormalities and blood loss during cauterization; there

Table 1: Table of general patient information [−x ± s, n(%)].

Variables Control group (n = 60) Test group (n = 60) P

Age (years) 45:32 ± 9:07 48:48 ± 9:10 0.059

Education level

Illiterate 1 (1.7) 2 (3.3)

0.983

Elementary school 14 (23.3) 12 (20.0)

Junior high school 23 (38.3) 21 (35.0)

High school/junior college 9 (15.0) 17 (28.3)

College and above 13 (21.7) 8 (13.3)

Profession

Unemployed 18 (30.0) 17 (28.3)

0.240

Self-employed 9 (15.0) 5 (8.3)

Business unit 7 (11.7) 3 (5.0)

Staff 20 (33.3) 26 (43.3)

Retire 6 (10.0) 9 (15.0)

Monthly income

<2,000 20 (33.3) 17 (28.3)

0.165
2,000-4,000 28 (46.7) 21 (35.0)

4,000-8,000 5 (8.3) 18 (30.0)

>8,000 6 (10.0) 4 (6.7)

Marriage

Married 52 (86.7) 57 (95.0)

0.128Unmarried 6 (10.0) 1 (1.7)

Widowed/divorced 2 (3.3) 2 (3.3)

Placement side

Left 29 (48.3) 30 (50.0)
0.856

Right 31 (51.7) 30 (50.0)

Blood vessel

Expensive 56 (93.3) 54 (90.0)
0.511

Brachial vein 4 (6.7) 6 (10.0)

Number of punctures 1.18 (0.54) 1.13 (0.39) 0.560

Tube times 1.26 (0.70) 1.08 (0.38) 0.093

Bleeding volume (g) 0.76 (0.40) 0.81 (0.30) 0.408

Chemotherapy

TE 5 (8.3) 2 (3.3)

0.345
TC 1 (1.7) 1 (1.7)

EC-T 53 (88.3) 56 (93.3)

Other 1 (1.7) 1 (1.7)

TNM staging

0 0 (0.0) 3 (5.0)

0.631
1 4 (6.7) 1 (1.7)

2 39 (65.0) 36 (60.0)

3 17 (28.3) 20 (33.3)

Note: TE is anthracycline combined with taxman; TC is organophosphate combined with taxman; EC-T is anthracycline combined with organophosphate
followed by taxman; others are anthracycline combined with taxman followed by platinum.
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were no significant differences in disease stages and chemo-
therapy regimens between the two groups (see Table 1).

3.2. Comparison of Blood Oozing after PICC Incubation
between Two Groups of Patients. The bleeding at the punc-
ture site was assessed and graded daily for 1 week after cath-
eter placement in both groups. Within 1 week after catheter
placement, there was a statistically significant difference
between the control group and the experimental group in
the degree of blood oozing at the puncture point every day
(P < 0:05). The patients in the test group generally had less
bleeding at the puncture site, and the proportion of patients
without bleeding after cauterization was higher over time,
and the difference was statistically significant (P < 0:05)
(see Figure 1).

3.3. The Duration of Bleeding at the Puncture Site and the
Pain Score. In the control group, 21.7% of the patients in
the control group were grade II, and 65.0% were in grade
III; 28.3% of the patients in the test group were in grade II,
and 5.0% were grade III. There was a statistically significant
difference between the two groups in the classification of the

duration of bleeding at the puncture point (P < 0:05). The
pain score of the first dressing change in the control group
was 3:28 ± 1:08 points, and the score in the test group was
1:56 ± 0:65 points (see Figure 2).

3.4. Comparison of Anxiety and Depression Scores between the
Two Groups of Patients before and after Incubation. The paired
t-test was used to compare the changes in the anxiety and
depression scores of the two groups of patients before and after
intubation. It can be seen that the anxiety and depression levels
of the patients were reduced after intubation, and the difference
was statistically significant (P < 0:05); among them, the two
scores of the patients in the experimental group decreased more
significantly after intubation, and the difference was statistically
significant (P < 0:05). In the control group, there was no signif-
icant difference in anxiety scores before and after intubation
(P > 0:05). However, the depression score was slightly
increased, and the difference was statistically significant
(P < 0:05) (see Figure 3).

3.5. Comparison of Maintenance Frequency and Maintenance
Cost between Two Groups of Patients within 3 Weeks. The
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Figure 1: Comparison of the degree of bleeding at the puncture port within 1 week after catheter placement between the two groups. In our
study, SPSS26.00 statistical software was used for statistical analysis and comparison of the degree of bleeding at the puncture port within 1
week after catheter placement between the two groups. Measurement data expressed as mean± standard deviation using repeated measures
analysis of variance showed that the bleeding at the puncture site was assessed and graded daily for 1 week after catheter placement in both
groups. Within 1 week after catheter placement, there was a statistically significant difference between the control group and the
experimental group in the degree of blood oozing at the puncture point every day (∗P < 0:05). The patients in the test group generally
had less bleeding at the puncture site, and the proportion of patients without bleeding after cauterization was higher over time, and the
difference was statistically significant (∗P < 0:05).
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maintenance frequency and maintenance cost within 3 weeks
were compared between the two groups, and the independent
samples t-test was used for comparison. The maintenance fre-
quency in the control group was higher than that in the exper-
imental group, and the difference was statistically significant
(P < 0:05). The maintenance cost in the control group was
higher than that in the experimental group within 3 weeks,
and the difference was statistically significant (P < 0:05) (see
Table 2).

4. Discussion

4.1. Effect on Bleeding from the Puncture Site. Some investi-
gators have shown through a study of patients with PICC
placement in liver disease that changing medication at an
interval of 3 days after placement can reduce the occurrence
of local blood seepage [18]. The results of Chen Min et al.
showed that the first change of medication 48 hours after
PICC placement in patients with hematologic tumors was
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Figure 2: Puncture site oozing duration and pain score. In our study, SPSS26.00 statistical software was used for statistical analysis and
puncture site oozing duration and pain score. Measurement data expressed as mean± standard deviation using repeated measures
analysis of variance showed that 21.7% of the patients in the control group were grade II, and 65.0% were grade III; 28.3% of the
patients in the test group were grade II, and 5.0% were grade III. There was a statistically significant difference between the two groups
in the classification of the duration of bleeding at the puncture point (∗∗P < 0:05). The pain score of the first dressing change in the
control group was 3:28 ± 1:08 points, and the score in the test group was 1:56 ± 0:65 points. Academic differences (∗∗P < 0:05).
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Figure 3: Comparison of anxiety and depression scores between the two groups of patients before and after incubation. In our study,
SPSS26.00 statistical software was used for statistical analysis and comparison of anxiety and depression scores between the two groups
of patients before and after incubation. Measurement data expressed as mean± standard deviation using repeated measures analysis of
variance showed that the changes in anxiety and depression scores of the two groups of patients before and after incubation were
compared using paired t-test, as shown. The paired t-test was used to compare the changes in the anxiety and depression scores of the
two groups of patients before and after intubation. It can be seen that the anxiety and depression levels of the patients were reduced
after intubation, and the difference was statistically significant. Significant (#P < 0:05); among them, the two scores of the patients in the
experimental group decreased more significantly after intubation, and the difference was statistically significant (#P < 0:05). In the
control group, there was no significant difference in anxiety scores before and after intubation (##P > 0:05). However, the depression
score was slightly increased, and the difference was statistically significant (#P < 0:05).
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study by Ma Yujun et al. [19] compared the bleeding from
the puncture site at different times after the first change of
medication after placement and showed that prolonging
the first change after placement was beneficial in reducing
divisional bleeding. The results of Figure 2 show that the
degree of bleeding at 48 hours after drug exchange in post-
operative breast cancer patients after placement was gener-
ally on the mild side, and the percentage of patients who
did not bleed after placement was higher over time, which
is consistent with the findings of Chen Min and Ma Yujun
et al. The first dressing change 48 h after PICC placement
in postoperative breast cancer patients is in accordance with
the guideline recommendation of 48-h change of gauze
dressing [20], which can promote healing of the puncture
site and reduce blood leakage from the puncture opening.
The rationale is that (i) the 48-h period is still in the period
of bacterial multiplication inhibition, while the prolongation
of the closure time is more conducive to the repair of fiber
glass and granulation tissue, and (ii) it can avoid premature
destruction of the blood clot leading to re-injury of the
puncture site, which can affect wound healing.

4.2. Effect on Patient Pain. This study shows that the pain
score of patients who changed the dressing of the puncture
port 24 h after the placement was significantly higher than
that of the 48-h group. The frequent stimulation of antisep-
tic solution during changing medical dressings will also
increase the pain of patients [21]. Therefore, extending the
time of the first dressing change for patients with PICC
placement after breast cancer surgery can provide longer
time for the healing of the puncture port, avoid the stimula-
tion of the wound that has not yet healed by the disinfectant
solution, and reduce the pain of patients.

4.3. Psychological Impact. The diagnosis and treatment of
breast cancer have a strong negative impact on patients’ psy-
chological health, triggering various negative psychological
reactions such as stress, depression, and anxiety [22]. For
breast cancer patients who have just undergone surgery
[23], they are psychologically vulnerable, both from having
a physical disability after surgery [24] and from the fear of
about to start chemotherapy [25]. It has been shown that
the majority of patients have anxiety after PICC placement
[26], and in this study, it was found that the change in anx-
iety and depression scores in the control group after PICC
placement in breast cancer patients generally increased by
2-3 points compared to the test group. The reasons for this
may be due to the lack of knowledge about PICC placement
and the restriction of limb movement on the side of the
placement, which put the patients in a state of tension and
anxiety, and the leakage of blood from the puncture port

after placement, which further increased the depression
and anxiety of the patients. Therefore, the first changing
medical dressings 48 hours after PICC placement in postop-
erative breast cancer patients can reduce patients’ depression
and anxiety, which is of great significance to improve the
physical and mental health of postoperative breast cancer
patients. Therefore, it is especially important to take effective
measures to alleviate the adverse psychological symptoms of
patients after incubation. For example, ①introduce the pur-
pose and precautions of incubation to patients before PICC
placement, and at the same time, distribute graphic and
easy-to-understand publicity materials to enhance the effect
of education. ②Respect the patient, understand the patient’s
psychological state patiently before placement, and give sup-
port and encouragement. ③During incubation, pay atten-
tion to the patient’s feelings, and relieve the patient’s
tension by chatting with the patient or playing relaxing
music. ④Continue to follow up the patient after the place-
ment of the tube, find out the complications, and deal with
them in time to relieve their discomfort that may occur dur-
ing the period with the tube. ⑤Social support: Care for the
patient, the patient is given the necessary life care by the
family during the period with the tube. Teach patients and
their families how to care for them at home during PICC
placement, encourage them to participate in the manage-
ment of PICC catheters, and help patients gain confidence.

4.4. Economic Impact. The puncture site should be kept dry
and free of blood and fluid after PICC placement. Patients in
the control group were changed 24 hours after catheter place-
ment, which led to repeated bleeding at the puncture site after
the change because the puncture site had not yet healed and
was stimulated by the disinfectant solution during the change.
To avoid puncture site infection, the puncture site dressing
had to be changed again, so the frequency of maintenance
and maintenance costs was higher in the control group
patients than in test group. PICC placement operators should
standardize the placement process and provide comprehen-
sive and effective health education to patients. Patients and
their families should be instructed to continuously observe
the puncture site to avoid adverse reactions after placement
and to reduce the number and cost of additional hospital
admissions for maintenance.

Shortcomings of this study: Pain and bleeding after
PICC catheter placement may be related to a variety of fac-
tors. This study focused on the effect of the time of the first
changing medical dressings after PICC catheter placement
and failed to take into account the weight and coagulation
of the enrolled patients, and this study was conducted in
only one hospital with a small sample size; therefore, it needs
to be tested continuously in clinical practice.

Table 2: Comparison of maintenance frequency and maintenance cost of two groups of patients within 3 weeks.

Variable Control group (n = 60) Test group (n = 60) P

Maintenance frequency 4.80 (1.30) 3.57 (0.85) <0.001
Maintenance cost (yuan) 443.05 (138.23) 349.25 (86.38) <0.001
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PICC catheters provide a safe and effective route to che-
motherapy for oncology patients in breast units, but PICC
placement requires blade dilation at the puncture port,
which inevitably increases injury, and bleeding from the
puncture port often occurs after placement [27], and extend-
ing the time to the first PICC changing medical dressings is
important for postoperative breast cancer patients [28]. The
results of this study show that the first changing medical
dressings 48 hours after PICC placement in postoperative
breast cancer patients can reduce the degree and duration
of blood oozing from the puncture port [29].

In conclusion, the first dressing change 48 hours after
PICC catheter placement in postoperative breast cancer
patients can reduce bleeding at the puncture site, relieve
pain, and relieve the patients’ depression and anxiety. At
the same time, it can also reduce the frequency of dressing
changes, reduce the economic burden of patients, and
improve the quality of life of patients.
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Aim. If gastric cancer can be detected through early screening, and scientific and reasonable intervention methods can be selected
in time, the condition can be effectively controlled. Routine nursing has been unable to obtain satisfactory results, and the effect on
improving the compliance of the examiner is not outstanding. The research aims to estimate the outcome of nursing based on
health belief combined with knowledge, belief, and practice on gastroscopy in patients with gastric cancer. Methods. 126
patients with clinically diagnosed gastric cancer in the Number Two Hospital of Baoding from May 2020 to May 2022 were
randomly divided into belief guidance group and mode group, with 63 instances each. The mode group was intervened via the
mode of knowledge, belief, and practice, and the belief guidance group was intervened via the nursing based on health belief
on the basis of the mode group. Before and after the nursing, the health belief, examination compliance, inappropriateness,
and negative emotion in different time periods were contrasted between the two groups. Results. After the nursing, the scores
of health belief scale in the belief guidance group were enhanced than those in the mode group; the compliance rate of the
belief guidance group was markedly enhanced than that of the mode group, and the inappropriateness during the insertion
and examination was lower than that of the mode group; the scores of self-rating anxiety scale (SAS) and self-rating depression
scale (SDS) in the two groups preinsertion and postnursing were markedly lower than those in the mode group. Conclusion.
Nursing based on health belief guidance united with knowledge, belief, and practice mode nursing can advance the health
belief and compliance of gastroscopy in patients with gastric cancer, reduce discomfort, and effectively advance the negative
emotions of patients. It is worthy of clinical application.

1. Introduction

Clinical studies have found that gastric ulcer, gastric polyp,
atrophic gastritis, and partial gastrectomy are all high-risk
groups of gastric cancer and may be caused by irregular diet
and bad living habits. If diagnosed as soon as possible and
provided with effective treatment in time, the survival rate
of high-risk groups can be effectively prolonged. Therefore,
the clinic gradually attaches importance to the screening
and prevention of gastric cancer [1, 2]. Early screening and

diagnosis of gastric cancer are conducive to illness treat-
ment, and gastroscopy is an important means to advance
the diagnostic accuracy. However, it is an invasive operation,
and a little carelessness may cause more adverse reactions, so
it is a high-risk group. The low compliance of cooperative
examination directly hinders the development of early gas-
tric cancer screening [3, 4]. Therefore, how to advance the
compliance of gastric cancer patients with gastroscopy is
an urgent problem. Nursing based on health belief can
advance patients’ health awareness, help to alleviate patients’
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psychological resistance, and achieve good results in the
nursing application of patients [5]. The knowledge, belief,
and practice mode includes three processes of acquiring
knowledge, generating beliefs, and forming behaviors. It is
a nursing mode to change patients’ health-related behaviors
[6, 7]. The purpose of this study is to estimate the outcome
of nursing of health belief-based nursing united with knowl-
edge, belief, and practice mode in patients with gastric can-
cer, and to provide a basis for the diversity of nursing
methods of gastroscopy in patients with gastric cancer.

2. General Information

2.1. Data and Methods. 126 patients with clinically diag-
nosed gastric cancer in the Number Two Hospital of Bao-
ding from May 2020 to May 2022 were selected as the
study subjects. During the study period, there were no
instances in the two groups. Inclusion criteria: (a) first gas-
troscopy; (b) all were aware of the study and voluntarily par-
ticipated; (c) the instance data of all patients are complete.
Exclusion criteria: (a) patients united with infectious ill-
nesses; (b) gastrointestinal bleeding; (c) communication bar-
rier; (4) patients with serious cardiovascular illness and
immune system illness. The patients were randomly divided
into belief guidance group and mode group, 63 instances
each. The gender, age, education level, adverse life history,
and chronic gastritis history of the two groups were similar
(P > 0:05), and the comparability was strong, as shown in
Table 1. The mode group utilized the mode of knowledge,
belief, and practice. The specific methods were as follows:
(a) before the examination, the patient should be informed
of the necessity of the examination, and then explained the
examination steps and precautions to the patient. For
instance, when the gastroscope entered the oral cavity, the
tongue should not rub against the mirror. When the gastro-
scope was in the throat, the swallowing action should be per-
formed. When the gastroscope entered the esophagus, the
patient should exhale with the nasal inhalation mouth; (b)
in the course of examination, instructed patients to maintain
proper posture, put on braces, and patted patients on the
back, encouraged patients, and paid attention to gentle lan-
guage and positive attitude; (c) after the examination, took
off the braces and handed the paper towels to the patients
to clean their faces, and reassured the patients again. At
the same time, the patients were instructed not to eat or
drink water within 4 hours after the examination and to
eat warm and liquid food within 24 hours.

The belief guidance group carried out nursing based on
health belief guidance on the basis of the mode group. The
specific methods were as follows: (a) established a health
belief group, including the head nurse and the nurse. Under
the leadership of the head nurse, the group held a meeting to
jointly formulate the nursing content and the gastric cancer
related knowledge questionnaire; (b) carried out health lec-
tures and explained the prevention and treatment of gastric
cancer, gastroscopy, adverse reactions, etc. To patients in
plain language, pictures or videos actively corrected the
patients’ incorrect diet and lifestyle and popularized the
influence of diet and lifestyle on illnesses; (c) organized

patients to visit the hospital environment and inspection
equipment to eliminate the fear of patients; (d) kept in touch
with patients via phone or Wechat, urged them to maintain
good living habits, gave encouragement, and advanced their
confidence in treatment. After the examination, assessed the
patients’ knowledge of gastroscopy and gastric cancer
through Wechat questioning and corrected the patients
who had wrong ideas in time; (e) nursing before gastros-
copy; (f) nursing after gastroscopy.

2.2. Observation Indicators

2.2.1. Health Belief Evaluation. Before and after the nursing,
the patients’ health beliefs were assessed with the health
beliefs scale, which included five dimensions such as bar-
riers, severity, benefits, susceptibility, and self-efficacy. The
full score of each dimension was 20 points. The higher the
score, the higher the patients’ health beliefs in this dimen-
sion [8].

2.2.2. Inspection Compliance and Inappropriate Evaluation.
The patient’s active cooperation during the examination
was counted, and the compliance rate was calculated. After
completing the examination, the patients were asked to
recall the pain during the insertion and examination, and
the pain degree was assessed via visual analog scoring
method, with a score of 0-10. The higher the score, the
stronger the pain degree and the lower the comfort [9].

2.2.3. Negative Emotion Evaluation. Before the nursing,
before the insertion and after the nursing, the patients’ neg-
ative emotions were assessed via self-rating anxiety scale(-
SAS) and self-rating depression scale (SDS). Each of the
two scales had 20 items, and each item counted 0-4 points.
After the rough score of the scale was accumulated, multi-
plied it via 1.25 to take an integer as the standard score of
the scale. The full score was 100 points. The lower the score,
the lighter the patient’s negative emotional symptoms [10,
11].

2.3. Statistical Methods. The data in this paper were esti-
mated via SPSS 21.0 statistical software. The patient’s gen-
der, compliance, and other counting data were revealed via
the rate (%). The chi-squared test was utilized for the diver-
sity between groups. The patient’s health belief scale score,
inappropriateness score, and other measuring data were
revealed via the mean ± standard deviation (�x ± s), which
conformed to the normal distribution. The independent
sample t-test was utilized for the diversity between groups,
and the paired sample t-test was utilized for the diversity
within groups; P < 0:05 was statistically significant.

3. Results

3.1. Diversity of Health Belief Scale Scores between the Two
Groups before and after Nursing. After the nursing, the
scores of all dimensions of the health belief scale in the
two groups increased, and the scores of the belief guidance
group were markedly enhanced than those of the mode
group (P < 0:05), concluding obstacle (t = 2:834, P = 0:005),
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seriousness (t = 3:603, P < 0:001), benefit (t = 5:920, P <
0:001), susceptibility (t = 5:410, P < 0:001), and self-efficacy
(t = 5:241, P < 0:001), as shown in Table 2.

3.2. Diversity of Compliance and Inappropriateness between
the Two Groups. The compliance rate of the belief guidance
group was markedly enhanced than that of the mode group
(t = 5:020, P = 0:025), and the inappropriate insertion of
endoscopy (t = 4:039, P < 0:001) and the inappropriateness
of examination were markedly lower than those of the mode
group (t = 4:832, P < 0:001), as shown in Table 3.

3.3. Diversity of Negative Emotions between the Two Groups
in Different Time Periods. The scores of SAS and SDS in both
groups decreased markedly before inserting the gastroscope
and after nursing, and the SAS and SDS scores in the belief
guidance group were markedly lower than those in the mode
group before inserting the gastroscope (t = 5:358, P < 0:001)
and after nursing (t = 4:305, P < 0:001). As shown in
Table 4.

4. Discussion

Gastroscopy plays an important role in gastric cancer
screening, illness progress monitoring, and illness severity
judgment [12–15]. Whereas, patients are often nervous and
even afraid before the examination, resulting in low exami-
nation cooperation and inaccurate examination results, thus
delaying the condition [16–19]. The causes of bad mood can
be summarized as follows: (a) gastroscopy is an invasive
examination, and patients who do not know much about it
think that the operation will damage the throat and esopha-
gus and are unwilling to cooperate with the examination; (b)
in the process of examination, patients are prone to cough,
nausea, and vomiting due to physical stimulation of gastro-
scope; (c) patients lack relevant knowledge about the moni-
toring of gastric cancer, the importance of gastroscopy, and
the operation procedure of gastroscopy, especially for the

first time. Therefore, during the nursing of gastroscopy,
attention should be paid to the health guidance and emo-
tional guidance of patients [20–24]. In this study, the mode
group adopted the mode of knowledge, belief, and behavior
nursing, which mainly applied the acquisition of knowledge,
belief, and practice before the gastroscopy and process of
gastroscopy and examination. Via explaining the examina-
tion steps and matters needing attention to the patients
before the gastroscopy, let the patients acquire knowledge
and beliefs, guide the patients to operate correctly and give
encouragement during the examination, and promote the
formation of correct behavior [25–27]. The belief guidance
group united with nursing guided via health beliefs; in addi-
tion to knowledge, belief, and practice mode nursing,
another health belief group was established to strengthen
patients’ health beliefs through health lectures, Wechat, or
telephone communication for a period of time before gas-
troscopy, so as to relieve nervousness, anxiety, and fear.
The results corroborated that the scores of all dimensions
of the health belief scale in the belief guidance group were
markedly enhanced than those in the mode group, and the
compliance rate and comfort in the belief guidance group
were better than those in the mode group. It is implied that
nursing based on health belief guidance plays an effective
role in improving patients’ disorder, severity, benefit, sus-
ceptibility, and self-efficacy, and the improvement of
patients’ overall health belief is beneficial to advance
patients’ coordination. Make the patient take the initiative
to accept the examination and reduce the pain and discom-
fort caused via improper cooperation [28–30]. The scores of
SAS and SDS in the belief guidance group before and after
gastroscopy were markedly lower than those in the mode
group, implying that nursing based on health belief guidance
can effectively alleviate patients’ negative emotions such as
anxiety and depression. This is because health belief guid-
ance makes patients have relevant knowledge reserve before
examination, is well aware of the importance of gastroscopy,
and has certain psychological expectations for examination,

Table 1: Diversity of two groups of general data.

Belief guidance group (n = 63) Mode group (n = 63) t / χ2 / Z value P value

Gender [n (%)]

Male 31 (49.21) 30 (47.62) 0.032 0.859

Female 32 (50.79) 33 (52.38)

Age (years)

Education level [n (%)] 57:34 ± 7:81 58:38 ± 6:93
Primary school 18 (28.57) 17 (26.98) 0.144 0.930

Junior high school 20 (31.75) 22 (34.92)

High school and above 25 (39.68) 24 (38.10)

Adverse life history [n (%)]

Yes 43 (68.25) 45 (71.43) 0.151 0.698

No 20 (31.75) 18 (28.57)

History of chronic gastritis [n (%)]

Yes 39 (53.42) 41 (65.08) 1.896 0.168

No 24 (46.58) 22 (34.92)
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so the negative emotion before insertion is obviously allevi-
ated. In the process of examination, patients with high
degree of fit, advanced comfort, and after the completion
of the examination, once again strengthen patients’ health
awareness and correct patients’ misconceptions, so the
improvement of patients’ negative emotion after the comple-
tion of nursing is also relatively good.

All in all, on the basis of nursing based on knowledge,
belief, and practice mode, nursing based on health belief
guidance in patients with gastric cancer before and after gas-
troscopy can effectively advance patients’ health beliefs and

cultivate patients’ health behavior, so as to advance patients’
examination compatibility, reduce discomfort, and alleviate
patients’ negative emotions before and after treatment
(Figure 1). Whereas, the number of instances in this study
is small, and the observation time is short, which still needs
to be further verified via multicenter and large sample size
studies. However, the number of studies included in this
study is small, and the search for relevant factors is not com-
prehensive. In the follow-up study, it is necessary to increase
the number of studies and multicenter samples for further
in-depth research.

Table 3: Diversity of inspection compliance and inappropriateness between the two groups (n, %/ �x ± s).

Group
Compliance rate

[n (%)]
The gastroscope insertion was not appropriate

(�x ± s, scores)
Inappropriate in the process of inspection

(�x ± s, scores)

Belief guidance group
(n = 63) 58 (92.06) 2:76 ± 0:65 2:57 ± 0:55

Mode group (n = 63) 49 (77.78) 3:19 ± 0:54 3:07 ± 0:61
χ2 value/t value 5.020 4.039 4.832

P value 0.025 < 0.001 < 0.001

Table 4: Diversity of negative emotions between the two groups in different time periods (�x ± s).

Belief guidance group
(n = 63)

SAS SDS
Before
nursing

Before inserting the
gastroscope

After nursing
Before
nursing

Before inserting the
gastroscope

After nursing

Belief guidance group
(n = 63) 62:67 ± 6:42 50:74 ± 5:66∗ 43:29 ± 5:17∗ 61:23 ± 5:93 49:76 ± 5:62∗ 42:13 ± 4:83∗

Mode group (n = 63) 61:98 ± 6:36 56:12 ± 5:61∗ 47:21 ± 5:05∗ 60:81 ± 6:02 55:21 ± 4:87∗ 46:49 ± 4:77∗

t value 0.606 5.358 4.305 0.395 5.817 5.098

P value 0.546 < 0.001 < 0.001 0.694 < 0.001 < 0.001
Note: Contrasted to the same group before nursing, ∗ P < 0:05.

126 patients with clinically diagnosed gastric cancer in our hospital from May 2020 to may 2022 were 
selected as the study subjects. The patients were randomly divided into belief guidance subgroup and 

mode subgroup, with 63 patients each. The mode subgroup was intervened by the mode of knowledge, 
belief and practice, and the belief guidance subgroup was intervened by the nursing intervention based 

on health belief on the basis of the mode subgroup

Before and after the intervention, the health belief scale was used to evaluate the patients' health 
beliefs; The patient's active cooperation during the examination was counted and the compliance rate 
was calculated. After the examination, the patients were asked to recall the pain during the insertion 
and examination, and the pain degree was assessed by visual analog scoring; Before the intervention, 
before the insertion and after the intervention, the patients' negative emotions were assessed by self 

rating Anxiety Scale (SAS) and self rating Depression Scale (SDS).

The health beliefs, compliance, inappropriateness and negative emotions in 
different time periods were compared between the two groups

Figure 1: Outcome of nursing based on health belief united with knowledge, belief, and practice mode on gastroscopy of patients with
gastric cancer.
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Object. In this study, bioinformatics analysis of differentially expressed genes (DEGs) and signaling pathway activities in different
progression stages of chronic lymphocytic leukemia (CLL) and pre- and post-chemoimmunotherapy (CIT) treatment was
performed. This may provide novel ideas for molecular diagnosis and individualized treatment strategies for CLL patients.
Methods. Data from single-cell RNA sequencing (RNA-seq) of CLL patients were obtained from the Gene Expression Omnibus
database. The R package was utilized to analyze the data, and the relation of results was predicted via the GeneMANIA
website. The information of 7 samples covered three stages: observation stage, pretreatment by CIT with rituximab,
fludarabine, and cyclophosphamide (pre-CIT), and post-CIT. The differentially expressed genes (DEGs) were identified, and
functional enrichment analyses were performed. B cell subpopulations and pseudotime trajectories analysis was conducted.
Results. A total of 70,659 DEGs were identified. Each patient’s DEGs presented their own characteristics, with low similarity.
Therefore, it is difficult to identify potential hub genes. Similarly, pathway enrichment analysis showed significant tumor
heterogeneity among CLL patients. Analysis of relapsed post-CIT compared to the observation stage suggested that the TP53
pathway should be taken seriously as it is closely related to treatment strategy and patient prognosis. Conclusions. Tumor
heterogeneity may be a more common manifestation of CLL. Individualized treatment should be considered for CLL. TP53
abnormality and its regulatory factors should still be the focus of CLL diagnosis and treatment.

1. Introduction

Chronic lymphocytic leukemia (CLL) is one of the most
common adult leukemia in the world. The incidence of
CLL is estimated to be more than 4-6 per 100,000 population
annually in developed countries, and the ratio of men to
women is about 2 : 1 [1, 2]. Although the median age at diag-
nosis is 72 years, 10% of CLL patients are younger than 55
years [3]. Diagnosis as early as possible may help improve
patient prognosis. Currently, clinical diagnostic criteria are
based on the number and morphology of monoclonal B lym-
phocytes. The number of monoclonal B lymphocytes is over

5 x 10/L in the peripheral blood [3]. Meanwhile, the charac-
teristic of most leukemia cells found in the blood smear is
small and mature-appearing lymphocytes. The cells present
a narrow border of cytoplasm, a dense nucleus lacking dis-
cernible nucleoli and partially aggregated chromatin [3]. In
terms of cellular molecules, several B cell surface antigens
are coexpressed, such as CD19, CD20, and together with
CD5, CD23, CD43, and CD200 [4]. Although it can be
clearly diagnosed as CLL based on the clinical diagnostic cri-
teria and markers of the cell surface, there is indeed still a
great deal of uncertainty in the progression and prognosis
of the tumor. It has been identified that CLL presents an
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inherited genetic susceptibility, the family members of CLL
patients with 6-9 folds increased risk [3]. This has led to
the exploration of the deeper molecular mechanisms charac-
terizing CLL in order to achieve precise diagnosis and
treatment.

In general practice, treatment of CLL relies on the Rai
and Binet staging systems and the presence of symptoms
[5, 6]. Most patients of early-stage (Rai 0; Binet A) present
with asymptomatic and should be monitored without ther-
apy, that is the observation stage. Patients with advanced
(Rai III and IV; Binet B, and C) symptomatic disease and
rapidly progressive lymphocytosis usually need to be treated
and could benefit from treatment [1, 3, 7]. Chemoimmuno-
therapy (CIT) using the anti-CD20 monoclonal antibody
rituximab and fludarabine plus cyclophosphamide (FCR)
has become the standard treatment for most CLL patients
[1]. However, recent developments in the diagnosis and
treatment of CLL have emphasized individualized treatment
strategies. It is recommended that the therapy decision is
based on the integration of the factors related to the neo-
plasm and the factors related to the patient [2]. Treatment
of CLL patients should take into account their disease sub-
sets, treatment tolerance factors such as age, comorbidities,
and genetic factors such as TP53 mutation/deletion [2].
Therefore, in addition to consideration of different clinical
stages, the patient’s chromosomal or genetic abnormalities
should also be referred to. The implementation of appropri-
ate anticancer treatment on this basis may help improve
prognosis. However, the molecular pathological mechanism
of CLL is complex and has individual characteristics. Even
an excellent model needs frequent updating and tailoring
to a particular population of CLL patients to sustain its pre-
dictive effectiveness [8]. This requires extensive in-depth
molecular mechanistic exploration work, including research
methods and strategies.

With the development of next-generation sequencing
technology, bioinformatics analysis brings a more compre-
hensive and novel perspective to decode life mysteries, detect
pathogens, and improve quality of life [9]. Whole-genome
and -exome sequencing has contributed to the characteriza-
tion of the mutational spectrum of the disease. Sequencing
analysis studies on CLL are gradually being reported. A pre-
vious study of RNA-sequencing (RNA-seq) in different sub-
populations of normal B lymphocytes and CLL cells has
shown differential expression of transcriptional elements,
including genes of protein-coding, noncoding RNAs, and
pseudogenes [10]. Differentially expressed genes (DEGs)
between B cells and CLL specimens were revealed [10, 11].
In addition, there were studies around small noncoding
RNAs (sncRNAs), subtype-specific epigenome signatures,
and transcription regulatory networks of CLL [12, 13]. In
the area of drug tolerance, Landau et al. suggested that the
frequently observed clonal shifts during the early treatment
period of CLL, heralded the emergence of drug-resistant
clones [14]. However, few studies have been reported on bio-
informatics analysis of CLL treatment and relapse in recent
years.

This research has explored the genetic characteristics
and differences in signaling pathway activity among CLL

patients and pre- and post-CIT treatment based on data
analysis. The initial goal was to uncover genes and signaling
pathways that may play a critical role in CLL treatment and
prognosis. However, the findings suggested that the hetero-
geneity among patients with CLL and at different stages of
the disease was evident. When considering genetic abnor-
malities that are closely related to CLL, such as the TP53
pathway, individualized patient care should also be taken
into account.

2. Materials and Methods

2.1. Data. Single-cell RNA sequencing data of GSE165087
were obtained from Gene Expression Omnibus (GEO) data-
sets (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=
GSE165087). The information of patient 1, patient 2, and
patient 3 was chosen, including 10 samples that cover three
stages. They are observation (OB) (CLL 1_1.1, CLL 1_1.2),
pretreatment by CIT with fludarabine, cyclophosphamide
and rituximab (pre-CIT) (CLL 1_3.1, CLL 1_3.2, CLL 2_1,
CLL 3_1), and post-treatment by CIT (post-CIT) (CLL 1_
5.1, CLL 1_5.2, CLL 2_2, CLL 3_2). We combined the two
technical repetitions into one to optimize the structure. As
a consequence, we reorganized 7 samples (CLL 1-1, CLL 1-
2, CLL 1-3, CLL 2-1, CLL 2-2, CLL 3-1, and CLL 3-2) to fur-
ther analyze. The analysis process of this study is shown in
Figure 1.

2.2. Quality Control, Dimensionality Reduction, and Data
Integration. The single-cell RNA-seq data were imported
into the Scater package (version 1.14.6) [15]. The median
absolute deviation (MAD) was used to judge the unique
molecular identifiers (UMI) and feature count outliers. We
used the function of Outlier to remove cells with a log-
library size of more than 3 MADs (the median log-library
size) and cells with a mitochondrial gene expression ratio
greater than 20% which usually corresponds to dead or
injured cells. To eliminate differences in gene expression
between cells based on count data, the global scaling normal-
ization method LogNormalize was applied to standardize the
measurement of the characteristic expression for each cell
with the total expression. And then 2000 genes with high
variation were extracted by the VST method, based on a
large coefficient of variation. After integrating multiple sam-
ples with the function of IntegrateData, we scaled the data by
linear transformations to ensure each gene was given the
same weight with a mean of 0 and a variance of 1. For the
sake of reducing the computational burden and the noise
in the data, principal component analysis (PCA) was used
for preliminary dimensionality reduction. We used the Seu-
rat package (version 3.1.4) function of FindNeighbors and
FindClusters to cluster the cells [16]. The clustering data
were projected into low-dimensional space via uniform
manifold approximation and projection (UMAP), a nonlin-
ear dimension reduction technique retaining the original
topological structure.

2.3. Cell Annotation and Ratio Calculation. Following
obtaining 8 stable cell subpopulations from cluster analysis,
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we used the function of the FindAllMarkers Wilcoxon rank-
sum test to determine the multiple gene differences between
the cell group and other groups with the average value of
avg_logFC. Database PanglaoDB and CellMarker provided
marker genes in different cell types and the SingleR algo-
rithm [17] assisted the verification of identified cell types
by calculating the Spearman correlation between the expres-
sion profile of each cell and that of each reference sample so
that the 6 types of cell subpopulations were determined. In
the present study, we analyzed B cells.

2.4. Variance Analysis and Pathway Enrichment. The gene
expression variance evaluation of B cells was conducted by
R package, which was compared in each group via
Kruskal-Wallis Test. Gene Set Enrichment Analysis (GSEA)
was implemented in the Fgsea package (version 1.12.0) to
determine pathways [18]. Sequencing was performed
according to LogFC of rank-sum test difference analysis as
the sorted gene list. Further GSEA analysis was performed
via the Kyoto Encyclopedia of Genes and Genomes (KEGG)
gene set. Gene Set Variation Analysis (GSVA) package (ver-
sion 1.34.0) [19] and the subsequent analysis described by
MSigDB databases were driven to pathways of Geno Ontol-
ogy (GO) annotation, hallmarker terms, and KEGG. As a
footnote, GO and KEGG analyses were used to estimate
the functions of DEGs, concluding with the biological pro-
cess (BP), cell composition (CC), and molecular function
(MF), which were analyzed by Fisher’s test. P < 0:05 was
regarded as statistically significant.

2.5. Gene Association Network. We chose differentially
expressed genes interested and differentially enrichen path-
way interested and performed the latent relation among
them via GeneMANIA (http://genemania.org/), including
physical interactions, coexpression, colocalization, genetic
interaction, and pathway.

2.6. B Cell Subpopulations Clustering. To explore the path-
ways and functions involved in each subpopulation of B
cells, gene enrichment analysis was performed for each sub-
population. Rank-sum test was used to compare the differ-
ences in gene expression levels of B cell subsets.

2.7. B Cell Pseudotime Trajectories Analysis. Pseudotime tra-
jectories analysis refers to the construction of cell lineage
development based on the changes in gene expression levels
of different cell subpopulations over time which is a virtual
time sequence according to the track of transformation
and succession from cell to cell. Monocle uses an algorithm
to learn the sequence of changes in gene expression that each
cell must undergo as part of a dynamic biological process.
Once it understands the overall trajectory of changes in gene
expression, Monocle can place each cell in the right place
within the trajectory. Monocle relies on a machine-learning
technique called reverse graph embedding to construct
single-cell trajectories. We used Monocle 2 package
(v2.8.0) [20] to analyze cell state transitions and then we
put the top 100 differentially expressed genes in the Seurat
package to establish the pseudotime trajectories. The B cells
state conducted origin of the pseudotime as orderCells. The
abnormal gene expression profiles were set to root_state
argument, and then we invoked orderCells, DDRTree reduc-
ing dimensions, and the plot_cell_trajectory plotting the
minimum spanning tree. The top 100 differentially
expressed genes of B cells were calculated by the function
differential GeneTest. We performed genes meeting the
thresholds with mean expression ≥ 0:5 and dispersion
empirical ≥ 1 ∗ dispersion_ fit to present cells in pseudotime
order.

2.8. Gene Variance Pseudotime Trajectories. Genes with sim-
ilar trends were grouped into two categories. In one group,
the expression was from low to high. We set the low state
at the beginning of differentiation, and it decreased gradually

Quality control

Raw Data Single patient matrix

Cell clustering

Cell clustering

Marker gene detection

GSVA analysis

GSEA analysisDif-gene analysis

Pseudotime analysis

Cell types identification B cells subCluster

B cells subcluster

Figure 1: The analysis process.
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with the increase of pseudotime. In the other group, the
expression level was high at the beginning of differentiation
and decreased gradually with the increase of pseudotime.

2.9. Statistical Analysis. All statistical analyses were carried
out via the R package (http://www.r-project.org). A two-
sided paired or unpaired Student’s t-test and unpaired Wil-
coxon rank-sum test were used for indication. P < 0:05 was
considered to manifest statistical significance.

3. Results

3.1. Identification of DEGs in B Lymphocytes of CLL Patients.
In the present study, 7 data series which covered 3 stages
were analyzed. A total of 70,659 DEGs were identified. In
order to screen the representative DEGs between pre-CIT

and relapsed post-CIT in CLL patients, we took the top 20
genes with the largest expression in each group to draw a
heat map according to logFC, as shown in (Figure 2(a)).
However, the DEGs of patients lack commonalities, and
each patient appeared to present his/her own characteristics
(Figures 2(b)–2(d)). None of the high expression genes coin-
cide among the three patients when comparing pre-CIT with
relapsed post-CIT. There was only one gene, JUN (Jun
proto-oncogene, AP-1 transcription factor subunit), with
high expression in both patient 1 and 2, while other 5 genes
including CD47, HLA-DPA1, FCER2, CD79A, and IGLV2-14
were highly expressed in both patient 2 and 3 in the com-
pared pre-CIT with post-CIT. But most encoded proteins
of these genes were B cell antigen or involved in immune
response, which did not reveal the underlying pathological
mechanism of CLL very well. Similarly, none of the high
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Figure 2: DEGs in B lymphocytes of CLL patients. (a) The top 20 genes with the largest expression in each group. (b) The DEGs of patient 1,
compared between observation stage and post-CIT. (c) The DEGs of patient 1, compared between pre-CIT and post-CIT. (d, e) The DEGs
of patient 2 and 3, compared between pre-CIT and post-CIT.
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expression genes coincide among the three patients com-
pared relapsed post-CIT with pre-CIT. In the relapsed
post-CIT, there were 2 genes, TXNIP and EMP3, presented
high expression in both patient 1 and 2. 2 genes, HLA-A
and HLA-C, presented high expression in both patient 1

and 3. And 3 genes, ZFP36L2, HERPUD1, and ZFP36, pre-
sented high expression in both patient 2 and 3. In addition
to this, 17-19 of the 20 DEGs were not the same among
patients, even the expression trends of some genes were
reversed in different patients. Therefore, the results
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Figure 3: The top 100 DEGs pseudotime heat map of the three CLL patients.
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suggested that the DEGs of relapsed post-CIT presented sig-
nificant heterogeneity among CLL patients.

The top 100 DEGs of each CLL patient were selected for
pseudotime analysis and genes with similar trends were

grouped together. The heat maps show clusters of genes with
the same expression pattern (Figures 3(a)–3(c)). Similarly,
the results also showed that the DEGs of pseudotime were
heterogeneous among patients.

(c)

Figure 4: Pathway enrichment analyses of the common DEGs of CLL patients. (a) Patient 1, (b) patient 2, and (c) patient 3.
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3.2. Pathway Enrichment Analyses of the Common DEGs of
CLL Patients. To further explore the potential role of signal-
ing pathways in the disease mechanism of CLL, we con-
ducted pathway enrichment analysis across different stages
of each patient according to DEGs. However, we found sig-
nificant differences among CLL patients, suggesting signifi-
cant heterogeneity (Figure 4). There were 5 pathways with
the most significant differences of patient 1 which were the
regulation of autophagy, ubiquitin-mediated proteolysis,
and TP53 signaling pathway, etc. (Figure 4(a)). Pathways
with significant differences between pre-CIT and post-CIT
in patient 2 were related to energy metabolism, these were
glycosaminoglycan degradation, immune disorders, and the
TP53 signaling pathway, etc. (Figure 4(b)). Although it was
somewhat similar between patient 3 and patient 2, more
than half of the differential pathways were not consistent
(Figure 3(c)). This result probably suggested that changes
in energy metabolism and immune factors may affect the
therapeutic efficacy of CLL, thereby affecting disease pro-
gression. However, there were individual differences in sig-
naling pathway characteristics of different patients. No
convincing molecular mechanism for CLL disease progres-
sion can be deduced yet from the results of the current path-
way enrichment analysis. To further search for target

pathways, we narrowed the scope and drew a network map
of several major pathways that may be involved in CLL path-
ophysiology and their closely related genes for further anal-
ysis of potential targets (Figure 5). Among these, the TP53
pathway and ubiquitin-mediated proteolysis pathway were
closely related to the cell cycle process through multigene
groups. This suggested that classical signaling pathways such
as TP53 may still be the main therapeutic entry point.

3.3. KEGG, Hallmark, and GO Pathway Enrichment
Analyses of Patient 1. Heterogeneity of DEGs and pathways
among patients suggested that it was better to perform indi-
vidual analyses independently. To uncover the molecular
metabolic characteristics of stability and progression of
CLL, we further analyzed the differences between the obser-
vation stage and relapsed post-CIT in patient 1 (Figure 6).
As shown in the KEGG graph analyzed by GSVA
(Figure 6(a)), pathways with significantly increased activity
in relapsed post-CIT compared to the observation stage were
the TP53 signaling pathway, ubiquitin-mediated proteolysis,
immune abnormality, etc. (Figure 4(a)). Pathways with
decreased activity were TGF-beta signaling pathway, other
glycan degradation, hedgehog signaling pathway, etc.
(Figure 6(a)). Hallmarks is a gene set related to tumor
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Figure 6: KEGG, Hallmark, and GO pathway enrichment analyses of patient 1. (a) KEGG, (b) Hallmark, and (c) GO.
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Figure 7: B cell pseudotime trajectories and DEGs of subpopulations of patient 1. (a) The colors of B cells lineage development darkened
with the pseudotime developing. (b) The colors of B cells lineage development darkened with the WBC increasing.(c) The B cell pseudotime
trajectories were distinguished to 3 stages of CLL. (d) The B cell pseudotime trajectories of each stage of CLL. (e) The UMAPs showed the
distribution of B cell subpopulation of each stage in CLL. (f) The violin plots present little expressed difference of different B cell markers in
the 3 stages.
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growth and metastasis dissemination, which helps to define
the character of malignancies. Results of hallmark showed
that pathways with significantly increased activity were the
TP53 signaling pathway, TNFα signaling via NFkB, apopto-
sis, etc. (Figure 6(b)). Pathways with decreased activity were
energy metabolism and oxidative regulation, etc.
(Figure 6(b)). There were a small number of resemblances
between the observation stage and post-CIT containing the
TP53 pathway, which was in accordance with the result of
KEGG. During the observation stage, the activity of the
TP53 pathway stayed low and started negative growth at the
stage of pre-CIT and reversing to positive growth when
post-CIT (Figure 6(b)). However, the results of GO showed
that the organelle structure and function may vary at different
stages of CLL progression (Figure 6(c)). These pathway
enrichment analysis results from different focuses suggested
that there were significant differences in the activities of path-
ways in the observation stage and the relapsed post-CIT, espe-
cially the TP53 signaling pathway and energy metabolism
pathway, which were closely related to malignant tumors.

3.4. B Cell Pseudotime Trajectories and DEGs of
Subpopulations of Patient 1. The B cells lineage development
was constructed as a pseudotime tree trajectory
(Figure 7(a)), in which dots represented cells and cells with
a similar situation were clustered together. We sorted out
clusters of different stages of CLL in patient 1 (Figure 7(b))
and separated each state of the 3 stages (Figure 7(c)). The
B cell pseudotime trajectories showed the virtual develop-
mental model of the post-CIT was different from the obser-
vation stage. To better understand how treatment with CIT
impacted B cells of CLL patients, we presented B cell sub-
populations of each stage of patient 1 (Figure 7(d)).
Although the B cell subpopulation clusters of different stages
did not present significant differences, there was no similar-
ity in DEGs between different B cell subpopulations and
stages of B cells (Figures 7(e) and 7(f)). This suggested that
subpopulations of B cells in the same patient also exhibited
heterogeneity as CLL progresses.

4. Discussion

Exploring the pathological mechanism of CLL contributes to
the update of its treatment strategy, but only a limited num-
ber of its pathogenesis and risk factors have been identified
until now. There is still a long way to go to build accurate
prognostic prediction models for CLL that can be effectively
translated into the clinic [8]. CLL is one of the strongest
inherited predispositions of hematological malignancies [1,
21, 22]. Intricate genetic factors bring challenges to the
exploration of molecular mechanisms of CLL. Microarray
technology such as RNA-seq may help us understand the
significant differences in the molecular mechanisms between
pre-CIT and post-CIT of CLL. However, the results of the
present study showed significant heterogeneity among the
patients and different stages of CLL. Furthermore, we
focused on the differences between the steady stage of obser-
vation of CLL and the relapse after CIT treatment. Several
well-known signaling pathways and genes such as TP53

may be the potential target associated with disease progres-
sion and treatment. Individualized treatment strategies
should be increasingly applicable to CLL patients.

Cancer is a disease which is dynamic and generally
becomes more heterogeneous during the evolution course,
which provides the fuel for resistance to treatment [23].
Tumor heterogeneity can be broadly divided into intertumoral
and intratumoral heterogeneity. A recent study showed that
around 95.1% of informative samples of cancer (2,658 cancer
samples contained 38 cancer types) presented evidence of dis-
tinct subclonal expansions and frequent branching relation-
ships between each other [24]. This indicated that tumor
heterogeneity is pervasive. Single-cell RNA-seq analysis results
of the present study showed significant differences in gene
expression traits and active pathways among CLL patients,
including pre-CIT and post-CIT, showing heterogeneity.
Moreover, all these patients relapsed after CIT, and at the
same time, heterogeneity predicts challenges for subsequent
treatment and prognosis. Research on cancer brings us aware-
ness that it is not a fixed course when cancer develops and pro-
gresses, maybe as an integrated destabilization of key cellular
processes [23]. Cancer is dynamic and continues to evolve,
which might ultimately generate a bulk tumor which is molec-
ularly heterogeneous, the differential sensitivity levels to anti-
cancer therapies are shown by distinct molecular signatures
[23]. This probably pointed out one of the main reasons for
the treatment bottleneck of cancer, including CLL, especially
when it progresses from observation stage to relapsed post-
CIT as this study showed. Previous studies of whole-exome
sequencing of more than 1,000 CLL specimens and whole-
genome sequencing of 200 CLL patients have revealed the
presence of 0.9 mutations per megabase and a load of 10-30
nonsilent events per patient [14, 25–28]. Additionally, CLL is
genetically heterogeneous, containingmultiple clonal and sub-
clonal populations [25]. The treatment tolerance and the
abundance and identity of the selected subclones with their
evolution were affected by the interactions of these subclones
along with their response to internal or external constraint
[25, 26, 28]. With exposure to sequential treatment, the geno-
mic complexity of a tumor generally increases. Clonal evolu-
tion arises more frequently in tumors receiving CIT [28].
Although tumor heterogeneity poses challenges for treatment
and prognosis, studying heterogeneity has fueled a shift in the
treatment paradigm towards the use of personalized or geno-
type‐guided approaches. Evidence has indicated that heteroge-
neity can predict resistance to both chemotherapies and
targeted therapy and can inform prognostication, therefore,
the assessment of tumor heterogeneity is essential for the
development of effective treatment [23, 25, 29].

Although realizing that CLL is highly heterogeneous, the
present study compared DEGs and signaling pathway activ-
ity between the observation stage and relapsed post-CIT of
CLL to unearth potential factors which may affect CLL pro-
gression and treatment tolerance. Results showed that sev-
eral well-known signaling pathways presented significant
differences between CLL stabilization and progression, such
as the TP53 pathway. A previous study had identified that
TP53 aberrations predict an aggressive disease course and
refractoriness to CIT [1]. Results of a randomized prospective
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trial (followed-up of 52.8 months) showed that TP53 muta-
tions in 8.5% of CLL patients and none of the patients with
TP53 mutation achieved a complete response [30]. A meta-
analysis of an international consortium created an interna-
tional prognostic index for CLL that integrated the major
prognostic parameters [31]. TP53 status (no abnormalities
vs. del [17p] or TP53 mutation or both) is one of the 5 inde-
pendent prognostic factors [31]. TP53 mutation was the
strongest prognostic marker regarding progression-free sur-
vival (PFS) according to the multivariate analysis [30]. The
median PFS and overall survival (OS) of patients with
TP53 mutation were significantly decreased compared with
patients without TP53 mutation. The prognostic implication
of TP53 dysregulation is related to its association with resis-
tance to DNA damaging agents and a decreased time to first
treatment and unfavorable OS [32–34]. Accordingly, TP53
inactivation is one of a major determinants of therapeutic
decisions [25]. Patients with a TP53 mutation or del (17p)
are in a high-risk category and should be treated with tar-
geted agents [35]. An allogeneic hematopoietic stem cell
transplantation (SCT) may be considered in relapsing
patients with TP53 mutations or del (17p), or patients that
are refractory to inhibitor therapy [35]. However, some
patients do not have suitable access to SCT. It is still recom-
mended that the presence of del17p and TP53 disruptions
should be tested for patients of treatment-naive requiring
therapy [25]. If these lesions are present, even at the subclo-
nal, treatment of genotoxic drugs (alkylating agents, anthra-
cyclines, or purine analogues) should not be performed, for a
poor response to genetic lesions will hamper DNA repair
[26, 36, 37]. An earlier study had shown that the median
PFS of CLL patients with TP53 abnormalities treated using
FCR or other CIT combinations was less than 18 months
[34]. Thus, ibrutinib and venetoclax are recommended for
patients with TP53 mutations upfront treatment, for the esti-
mated median PFS of more than 30 months [38–40]. For
CLL patients with relapsed or refractory after CIT treatment,
targeted therapies may be the best option [25]. Results of a
recent clinical trial showed that the 5-year PFS rate of
patients receiving ibrutinib was 92% in treatment-naive
patients and 44% in relapsed or refractory patients, the
median PFS was 51 months in heavily pretreated patients
receiving ibrutinib [41]. Taking this into account, the combi-
nation of venetoclax and rituximab was approved in 2018 by
the FDA, and it is an option worth considering for the treat-
ment of relapsed or refractory CLL [42]. Although these
studies have brought new insights into CLL, new break-
throughs are still needed in individualized treatment and
prognosis. The signaling pathways and their regulators
related to CLL progression still need to be further studied
to bring novel ideas for individualized treatment decisions.

The present study still has certain limitations. The lim-
ited number of samples for different stages of CLL and
CIT treatment may cause bias in the analysis of existing data.
This study has not yet conducted experimental verification
of the current inferences and hypothesis, especially key gene
expression and signaling pathways. The new discoveries and
viewpoints of the results of this study need to be proved by
future experiments.

5. Conclusion

In conclusion, tumor heterogeneity may be a more common
manifestation of CLL. Given this, in-depth diagnosis and
individualized treatment strategies may be required for
CLL management. Among these, TP53 abnormality and its
regulatory factors should still be the focus of CLL diagnosis
and treatment.
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Purpose. We apply the bioinformatics method to excavate the potential genes and therapeutic targets associated with valvular
atrial fibrillation (VAF). Methods. The downloaded gene expression files from the gene expression omnibus (GEO) included
patients with primary severe mitral regurgitation complicated with sinus or atrial fibrillation rhythm. Subsequently, the
differential gene expression in left and right atrium was analyzed by R software. Additionally, weighted correlation network
analysis (WGCNA), principal component analysis (PCA), and linear model for microarray data (LIMMA) algorithm were used
to determine hub genes. Then, Metascape database, DAVID database, and STRING database were used to annotate and
visualize the gene ontology (GO) analysis, KEGG pathway enrichment analysis, and PPI network analysis of differentially
expressed genes (DEGs). Finally, the TFs and miRNAs were predicted by using online tools, such as PASTAA and miRDB.
Results. 20,484 differentially expressed genes related to atrial fibrillation were obtained through the analysis of left and right
atrial tissue samples of GSE115574 gene chip, and 1,009 were with statistical significance, including 45 upregulated genes and
964 downregulated genes. And the hub genes implicated in AF of NPC2, ODC1, SNAP29, LAPTM5, ST8SIA5, and FCGR3B
were screened. Finally, the main regulators of targeted candidate biomarkers and microRNAs, EIF5A2, HIF1A, ZIC2, ELF1,
and STAT2, were found in this study. Conclusion. These hub genes, NPC2, ODC1, SNAP29, LAPTM5, ST8SIA5, and
FCGR3B, are important for the development of VAF, and their enrichment pathways and TFs elucidate the involved molecular
mechanisms and assist in the validation of drug targets.

1. Background

Atrial fibrillation (AF) is the most common sustained
arrhythmia, and actual epidemiological data are often under-
estimated. According to research, in China, the prevalence
and incidence of atrial fibrillation show increasing epidemio-
logical characteristics with age, and the total prevalence of the
population can reach 0.77%, and those over 80 years old can
reach over 10 years old [1]. With the development of my
country’s economy and the aging of the population, the num-
ber of patients with atrial fibrillation has increased rapidly,

and the number of patients with atrial fibrillation is expected
to increase exponentially in the next 10 years [2]. Embolism
and heart failure are common complications of atrial fibrilla-
tion, and the mortality rate is more than twice that of the gen-
eral population [3]. Due to the numerous pathogenic factors
of atrial fibrillation, it is difficult to prevent and treat clini-
cally, which is still one of the problems in cardiovascular.

Valve disease is one of the common causes of atrial fibril-
lation in cardiovascular surgery, including macrovascular
disease, congenital heart disease, and coronary artery disease
[4]. Valvular atrial fibrillation was first proposed in the 2012
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ESC updated guidelines, in which atrial fibrillation is divided
into “valvular atrial fibrillation (VAF)” and “nonvalvular
atrial fibrillation (NVAF)”, VAF is defined as valvular heart
disease atrial fibrillation and atrial fibrillation, fibrillation
after valve replacement [5]. Common complications of atrial
fibrillation include heart failure and embolism. The study
found that the incidence of heart failure caused by atrial
fibrillation is 3.4 times that of normal people, while the inci-
dence of embolism caused by atrial fibrillation is about 5%
per year, which is 7 times that of normal people [6]. Cerebral
embolism is the most common and most dangerous compli-
cation of atrial fibrillation. Studies have shown that the inci-
dence of stroke caused by atrial fibrillation is 20% per year.
The stroke caused by NVAF is 7 times that of normal people,
while the stroke caused by VAF is up to 17 times that of nor-
mal people [7]. According to the survey, the incidence of val-
vular atrial fibrillation is as high as 70%, and the mortality
and disability rate caused by heart failure and cerebral
embolism are higher in cardiac surgery complicated with
atrial fibrillation. Valvular atrial fibrillation seriously affects
the hospitalization time and survival time of patients, seri-
ously reduces the quality of life of patients, and also brings
serious economic burden to family members. However, cur-
rent treatments have not achieved satisfactory results [8]. In
view of its high incidence and serious impact on human
health and safety, exploring the diagnosis and treatment of
valvular atrial fibrillation is one of the research hotspots in
the cardiovascular field in recent years.

At present, the treatment of atrial fibrillation is generally
divided into drug therapy and nondrug therapy. Drug ther-
apy mainly includes ventricular rate control, anticoagulation
therapy to prevent thromboembolism, and antiarrhythmic
therapy to restore and maintain sinus rhythm. Long-term
drug therapy has a high recurrence rate, which leads to
new-onset arrhythmias, and also brings many disadvantages
to patients, such as poor tolerance, bleeding risk caused by
anticoagulant drugs, and poor efficacy. In interventional
therapy, radiofrequency ablation has become one of the
most important methods for the treatment of valvular atrial
fibrillation. However, there are still some deficiencies in
radiofrequency ablation for atrial fibrillation, the recurrence

rate is still high, up to 40%, and with the extension of follow-
up time, the recurrence rate is still on the rise [9–11]. There-
fore, the key to solving the problem lies in elucidating the
molecular mechanism of the occurrence and maintenance
of valvular atrial fibrillation. Whether there are key regula-
tory factors in the process has not been reported.

However, the genetic variants currently defined combine
to explain only a small fraction of the incidence of atrial
fibrillation. On the one hand, many studies have focused
on serum and animal experiments to explore the relation-
ship between atrial fibrillation and mechanisms or biomark-
ers, but there are fewer reports on atrial tissue directly
affecting atrial fibrillation, especially in patients with valvu-
lar atrial fibrillation. On the other hand, these results suggest
that genetic variants isolated from individual samples cannot
be broadly applied to the general population. Hub genes
identified from differential expression analysis may lose sta-
tistical power in protein-protein interaction networks due to
mutual functional regulation. Due to the high standard of
genetic selection, some key genes may have been lost. Based
on the above notes, we will use multiple algorithms, includ-
ing LIMMA, WGCN, PCA, and gene functional analysis of
microarray data, to obtain key genes and gene regulatory
networks for valvular atrial fibrillation. These will help us
better understand the molecular mechanism of atrial fibrilla-
tion and the interaction of the complex gene environment
and provide a theoretical basis for the diagnosis and treat-
ment of atrial fibrillation.

2. Materials and Methods

2.1. Materials. We downloaded these data from the Public
Resource Database GEO (http://www.ncbi.nlm.nih.gov/geo/)
and generated expression profiling arrays using Affymetrix
Human Genome U133 Plus 2 GPL570 (HG-U133_Plus_2).
The retrieval involved the following process: (1) collecting
datasets searched with the keywords “atrial fibrillation” and
“valvular disease”. (2) Select “Homo sapiens” as the specimen
source and “Expression profiling by high throughput
sequencing” as the study type. (3) The gene chip data is
selected as “Affymetrix Human Genome” on the test

Table 1: Top 5 up- and downregulated genes of chip GSE115574.

Gene ID logFC AveExpr t P Value Adj.P.Val B

RGS6 0.516701 4.290465 9.958301 2:64E − 14 2:27E − 12 22.2945

OTOGL 1.275203 5.172998 7.768166 1:26E − 10 2:37E − 09 13.94223

KIAA0753 0.551188 5.603697 7.504565 3:53E − 10 5:69E − 09 12.92274

PCDHGA10 0.936869 4.489173 7.259196 9:26E − 10 1:28E − 08 11.97422

LOC100506813 0.653479 5.248975 6.776567 6:13E − 09 6:37E − 08 10.11424

FCGR3B -1.26104 3.645921 -24.147 1:66E − 32 3:41E − 28 62.87675

CTNS -0.61385 4.013762 -17.8101 1:44E − 25 1:11E − 21 47.67246

SLC35E1 -0.60841 5.726716 -17.7658 1:63E − 25 1:11E − 21 47.55132

TIFAB -0.74335 3.823311 -17.3504 5:35E − 25 2:74E − 21 46.40393

ARHGAP22 -0.61343 3.371978 -16.8357 2:39E − 24 9:80E − 21 44.95354

2 Computational and Mathematical Methods in Medicine
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platform. The GSE115574 dataset was published on Septem-
ber 4, 2019, from surgically resected left and right atrial tissue
from 30 patients with severe chronic mitral regurgitation,
including 15 with preoperative atrial fibrillation and 15 with
preoperative sinus. In this study, patients with persistent
atrial fibrillation lasted more than 6 months. Patients with
sinus rhythm had no clinical evidence of atrial fibrillation
and no history of any antiarrhythmic drugs.

2.2. Data Processing. Using the “ComBat” function of the
SVA package, the study is aimed at eliminating bias from the
high-throughput data from different microarrays. The aim of

bioinformatics is to analyze all of the raw data from microar-
rays, including background correction, quantile normaliza-
tion, and probe summarization values [12]. The study also
used some advanced algorithms, such as robust multiarray
average for background-adjusted, normalized, and log-
transformed probe expression values; the t-test in the
“LIMMA” package to identify differentially expressed genes
(DEGs); and the Benjamini–Hochberg method that aims at
adjusting P values [13]. DEGs are gene expression values with
∣ log 2FC ∣ >1 and P value <0.05. The aim of selecting coanno-
tated genes (a total of 20,484 genes) in GPL570 platform was
to illuminate further coexpression network analysis.
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Figure 1: Differential expression genes (DEGs). (a) Volcano map, Y-axis represents P value, X-axis represents multiple changes, each point
represents a gene, and red and black represent up-down genes; (b) heat map of differentially expressed genes; and (c) sample name map.
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2.3. Weighted Gene Coexpression Network (WGCN)
Construction and Module Detection. The coexpression net-
work analysis has functions which integrate other informa-
tions and avoid information missing. Another system-level
insight is better than other approaches, so as to give
WGCNA an edge. Therefore, a system-level analysis based
on WGCNA is used in the study. The WGCN was con-
structed using the WGCN package in RStudio. All analyses
were conducted using RStudio [14].

The functional enrichment of differentially expressed
genes related to atrial fibrillation was analyzed by online public
database, Metascape database (http://metascape.org/gp/index
.html), and database for annotation, visualization, and inte-
grated discovery bioinformatics resources database (DAVID,
http://david.abcc.ncifcrf.gov/). The analysis involved the fol-
lowing processes: (1) the purpose of this project is to obtain
gene annotations, visualize bioinformatics resources, and
integrate them, DAVID database was used to carry out gene
ontology (GO) analysis on differentially expressed genes, and
GO entries with P value less than 0.05 were considered to be
significantly enriched [15]. (2) Downloaded fromMetascape,
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway, and adjusted P value <0.05 and enrichment score
> 1:0 was considered to indicate a statistically significant
difference [16].

2.4. Construction of Protein-Protein Interaction (PPI)
Network and Screening of Key Genes. Protein-protein inter-
action network is a complex interaction and communication
network between two or more proteins. The network can
take place in many biological processes, including gene
expression, molecular transport, signal transduction, and
catalytic metabolic reactions. It can also be used to predict
the interaction between related genes and their proteins
and has certain significance for studying the molecular
mechanism and drug targets in the occurrence and develop-
ment of diseases. Therefore, we utilize the STRING database
(V10.5; http://string-db.org) and Cytoscape software
(V3.5.1; http://cytoscape.org/) to construct PPI network of
differentially expressed genes enriched in key KEGG path-
way, such as biological metabolic processes, autophagy, ion
conversion, and immune inflammatory processes and to
visualize and annotate. The cut-off criteria were set to: P <
0:05 and enrichment score > 1:0, that is, the elimination of
no correlation or weak action of the protein [17]. We obtain
the key modules and core genes in PPI network using the
MCODE plugin of Cytoscape software.

2.5. Prediction of Transcription Factors and microRNAs of
Key Genes. The transcription factors of key genes are pre-
dicted by using the iRegulon plugin of the Cytoscape
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Figure 2: Construction of weighted gene coexpression network (WGCN) and gene module analysis for patients with atrial fibrillation and
sinus rhythm accompanied by severe mitral regurgitation: (a) gene coexpression module diagram based on dynamic branching method; (b)
value of module dependency of dynamic branch cutting method (when power value is 12, independent area rises to 0.8); (c) the relationship
between gene coexpression module and clinical traits. Red represents positive correlation and green represents negative correlation. (d)
Connectivity of characteristic genes, with the decrease of red, the positive correlation is weaker. (e) Principal component analysis (PCA)
of the two key modules, MElightcyan and MEturquoise. MEturquoise first principal component: 67.2%, second principal component:
4.1%; MElightcyan first principal component: 59.4%, second principal component: 6.4%; genetic significance (GS), module membership
(MM), and activity analysis of key modules related to atrial fibrillation in (f) and (g).
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software, and the parameters are set as follows: the mini-
mum value of gene homology is 0.05; maximum FDR for
motif similarity is 0.001; and the normalized enrichment
score (NES) is greater than 5. Finally, using online tools
from miRDB (http://mirdb.org/) was applied to predict
interactions between miRNAs and co-DEGs involved in
AF. Therefore, the regulatory factors with high NSE values
and microRNAs were used as regulatory networks to partic-
ipate in the development of atrial fibrillation.

3. Results

3.1. Identification of Differentially Expressed Genes (DEGs).
The AF and SR patients without additional treatment from
GSE115574 (GPL570) datasets were used in all the samples
for further analysis, including 15 cases of preoperative atrial
fibrillation and 15 cases of preoperative sinus. We identified
54,675 probes corresponding to 20,484 genes in GSE115574
datasets and GPL570 platform. There were 1,009 DEGs with
statistical significance, including 45 upregulated genes and
964 downregulated genes. The first five genes of up- and
downregulated genes are shown in Table 1. The heat map
and the volcano plot for the DEGs are illustrated in Figure 1.

3.2. Construct Coexpression Network and Gene Module. We
obtained 6 clusters (MElightcyan, MEgrey, MEmagenta,
MEred, MEturquoise, and MEyellow; Figure 2(a)) in the 59
samples with 1009 gene variables after sample cluster analy-
sis and samples that did not get lost in the analyses. The
WGCN analysis involved the following processes: (1) when
the standard parameter was set to 10 (power valve), the scale
independence rose to 0.8 and the mean relation was higher
in Figure 2(b). (2) We obtained the two key models,
MElightcyan: VAF Pearson valve = 0:97, P = 1e − 38; SR
Pearson valve = −0:97, P = 1e − 38 and MEturquoise: VAF
Pearson valve = 0:86, P = 4e − 18; SR Pearson valve = −0:86,
P = 4e − 18 (Figure 2(c)). (3) The heat map suggested no sig-

nificant difference in module genes. The interaction analysis
of coexpression modules showed a significant independence
(Figure 2(d)). (4) We found the three clusters in different
modules of the connectivity of eigen-genes, and the study
illuminates obvious connectivity among the eigen-genes of
different modules within the same cluster showed, whereas
there was no difference among different clusters’ modules
in Figure 2(d). (5) Differentially expressed genes in the
MElightcyan and MEturquoise modules are shown in
Table 2. On other hand, as to VAF, we also found the signif-
icant difference of the MEgreen and MEbrown module genes
in response to AF and SR in two-dimensional PCA results
(Figure 2(e)). Figures 2(f) and 2(g) show the gene signifi-
cance (GS) analysis results about a significant difference
between the genes and the characteristic of AF, P values
are far less than 0.05.

3.3. Functional GO Terms and Pathway Enrichment
Analyses. Further functional enrichment analysis was carried
out on DEGs of the MElightcyan and MEturquoise key
modules, including gene ontology (GO) analysis and KEGG
pathway enrichment analysis. Regarding GO terms enrich-
ment, the MElightcyan module was mainly enriched in GO
biological process (BP): cell protein modification process,
intracellular signal transduction process, proteasome-
mediated ubiquitin-dependent protein degradation process,
negative regulation of classical Wnt signaling pathway, stim-
ulating c-type lectin receptor signaling pathway, and other
common processes such as enrichment. Cellular compo-
nents: cytoplasm, extracellular matrix, cell membrane, Golgi
body, endoplasmic reticulum, mitochondria, etc. Molecular
function: protein binding, ATP energy binding, transmem-
brane transport, same protein binding point, ubiquitin pro-
tein transferase activity, protein activation, etc. These
results are shown in Figure 3(a). Genes in the MEturquoise
module were predominantly enriched in BP: vesicle secre-
tion, cell localization, membrane tissue generation,

Table 2: The KEGG network pathway terms of key modules.

Modules Description Gene LogP

MElightcyan

mTOR signaling pathway
ATP6V1B2, CHUK, PRKAA2, MAP2K1, RPS6KA2,

RPS6KA3, etc.
-5.10575

Fc epsilon RI signaling pathway GFPT1, HEXB, HK1, etc. -4.82544

Autophagy-animal PRKAA2, SNAP29, SH3GLB1, etc. -3.22867

Proteasome PSMC4, PSMD7, PSMD8,etc. -2.80551

Lysosome ATP6AP1, HEXB, LAPTM5, etc. -2.58718

Natural killer cell-mediated cytotoxicity ARAF, FCER1G, IFNGR2, ITGB2, etc. -2.41921

Insulin signaling pathway ARAF, HK1, PRKAA2, etc. -2.34109

Glycosaminoglycan biosynthesis, heparan sulfate backbone EXT1, EXT2 -2.28058

SNARE interactions in vesicular transport STX4, SNAP29, YKT6 -2.19845

MEturquoise

Natural killer cell-mediated cytotoxicity FCGR3B, ITGAL, HCST -2.70881

Glycosaminoglycan biosynthesis, heparan sulfate backbone EXTL3 -1.73339

O-glycan biosynthesis, mucin type core GALNT10 -1.30872

Lysosome CTNS, CTSV -1.65612

Staphylococcus aureus infection C2, FCGR3B, ITGAL -3.80614
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Figure 3: Key module DEGs gene ontology (GO) analysis. (a, b) GO analysis of DAVID database MElightcyan and MEturquoise module
gene, dot size represents the number of genes contained, dot color represents Q value.
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membrane protein localization, etc. In terms of cellular com-
ponents, genes are mainly enriched in membrane compo-
nents, including plasma membrane and extracellular
membrane. In terms of MF, it is mainly concentrated in the
activity of energy receptor and amino acid transmembrane
transporter. These results are illustrated in Figure 3(b).

KEGG pathway analysis data appeared in Figure 4 is
downloaded to the Metascape database. The results sug-
gested that the MElightcyan module genes were significantly
enriched in the interaction of vesicular transport, classical
mTOR signaling pathway, FOXO signaling pathway, biosyn-
thesis, and metabolism. MEturquoise module DEGs are
enriched in natural killer cell-mediated cytotoxicity, cyto-
skeleton synthesis, and inflammatory response pathways.

3.4. Construction of Protein-Protein Interaction (PPI)
Network and Screening of DEGs. Additionally, Table 3 illus-
trates a part of the visible pathway that is tightly correlated
with atrial structural remodeling and electrical remodeling
from the KEGG pathway network. After submitting the
genes enriched in cancer-correlated pathways to the
STRING database, PPI network were obtained for the
MElightcyan and MEturquoise modules, respectively, with
a confidence threshold greater than 0.4 in Figure 5(a). We
subsequently conducted a module analysis. When a
“score > 3” was defined as the cut-off criterion in MCODE,
5 clusters of modules (Module 1, Module 2, Module 3, Mod-
ule 4, and Module 5) were identified from the PPI network
visualized by STRING in the MElightcyan modules
(Figures 5(b)–5(f)), and Figure 5(g) shows the functional
modules of the MEturquoise modules. Furthermore, the
MCODE analysis showed the 6 seed genes of each cluster,
these were ST8SIA5, ODC1, LAPTM5, NPC2, SNAP29,
and FCGR3B. Thus, they are likely to be novel therapeutic
target genes or biomarkers.

3.5. Identification of Hub Gene Involving in VAF. What’s
more, the gene expression levels in clinical traits and left or
right atrial tissues were compared based on GEO database.
Consequently, the gene differential expression level with
regrading to hub genes was constructed. We also found a

statistical difference in the gene expression levels of these
genes between VAF and SR, while no statistical difference
between right and left atrial tissues in Figure 6. Subse-
quently, expression levels of the six hub genes show a signif-
icant difference in expression level between VAF and SR,
respectively. Figure 7 appeared all the P < 0:05.

3.6. Investigating Transcription Factors (TFs) and
microRNAs of Hub Genes. To extend our findings, we pre-
dicted the TFs and found that EIF5A2, HIF1A, ZIC2,
ELF1, and STAT2 as the master regulators of the hub genes
are involved in VAF. The results are illustrated in Table 4
and Figure 8. Finally, prediction analysis using miRDB and
TargetScan bioinformatic tools identified the selected miR-
NAs targeting each hub co-DEG involved in AF and these
data appear. These data enable us to understand how pre-
dicted miRNAs are related to AF progress and maintain.

4. Discussion

Currently, the pathogenesis of atrial fibrillation is still
unclear, but atrial electrical remodeling and atrial structural
remodeling are considered as important pathological mech-
anisms for the occurrence and maintenance of atrial fibrilla-
tion. Due to the reversibility of electrical remodeling and the
irreversibility of structural remodeling, it is of vital signifi-
cance to study atrial structural remodeling for the occur-
rence, development, diagnosis, and treatment of AF [18,
19]. Atrial fibrosis is not only the characteristic manifesta-
tion of atrial structural remodeling but also the primary
prerequisite for the occurrence and maintenance of atrial

Glycosaminoglycan biosynthesis, heparan sulfate backbone LysosomeO-glycan biosynthesis, mucin type coreOsteoclast differentiation

Staphylococcus
aureus infection

Systemic lupus erythematosus

Glycosaminoglycan biosynthesis, heparan sulfate backbone

Glycosaminoglycan biosynthesis - heparan sulfate / heparin

O-glycan biosynthesis, mucin type core

Natural killer cell mediated cytotoxicity

(b)

Figure 4: The KEGG analysis of the key module DEGs: (a, b) the enrichment analysis in the Metascape database, the circle size represents
the size of the LogP value, and the color represents the enrichment fraction.

Table 3: TFs of top five enrichment fractions.

TF NES Target Motif

EIF5A2 12.134 4 2

HIF1A 8.032 6 91

ZIC2 7.489 6 4

ELF1 7.474 2 7

STAT2 6.947 5 6
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Figure 5: Continued.
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Figure 5: DEGs protein-protein interaction network map and key gene screening maps. (a) and (h) represent the PPI of DEGs in which the
MElightcyan and MEturquoise modules related to pathways of atrial remodeling and fibrosis, such as energy metabolism, biosynthesis, ion
channels, cytoskeleton, and vesicle secretion. (b)–(g) represent modules 1~5 obtained by MCODE plugin analysis of the DEGs protein
interaction network of the MElightcyan, in which red represents the central node, namely, the key gene of the corresponding module.
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fibrillation. Therefore, the molecular mechanism of atrial
fibrosis may be a potential target for the treatment of AF
[20]. The present study suggests that these mechanisms
may be involved in the process of atrial fibrosis leading to
atrial fibrillation, including renin-angiotensin-aldosterone
system (RAAS), transforming growth factor-β1 (TGF-β1),
oxidative stress and inflammation, calcium overload, MMPs,
and microRNA.

Some research teams have found that RAAS system
plays an important role in atrial electrical remodeling and
structural remodeling, participating in various arrhythmia
and atrial fibrosis processes [21]. Under physiological condi-
tions, the core factor of RAAS is Ang-II, which physiologi-
cally can contract blood vessels, raise hypertension, and
increase cardiac afterload, thus leading to cardiac structural
remodeling. Xiao et al. found that Ang-II can cause obvious
atrial enlargement and atrial fibrosis in mice and finally
cause AF [22]. Savelieva et al. and Girmatsion et al. also
found that in animal experiments, RAAS inhibitor inhibition
can not only inhibit atrial remodeling and fibrosis but also

delay the occurrence of atrial fibrillation; in clinical trials,
angiotensin inhibitor can also reduce the incidence of new
AF [23, 52]. Some studies have further found that atrial
fibrosis can be caused by increasing Ang-II expression via
stimulating angiotensin type 1 receptor (AT1R) and TGF-
β1, thus leading to atrial fibrillation [24]. Transforming
growth factor-β1 is secreted by cardiac fibroblasts and then
differentiated into active fibroblasts. Atrial fibrosis is closely
related to active fibroblasts. Therefore, a large number of
studies show that transforming growth factor-β1 plays an
important role in the occurrence and development of AF.
Studies have found that the transforming growth factor-β1
is secreted not only by fibroblasts but also by macrophages,
and the transforming growth factor-β1 can increase cell
adhesion factor, which can lead to myocardial fibrosis and
cardiac structural remodeling [25]. Verheule et al. found in
mouse model that the stimulation of TGF-β1 can cause
atrial fibrillation [26]. Studies have further found that the
TGF-β1 can participate in Smad signaling pathway by regu-
lating the expression of TGF-β1 activated kinase and TGF-
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Figure 6: Box plot diagram of hub gene expression in atrial fibrillation and sinus patients and left and right atrial tissues.
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Figure 7: Continued.
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β1-fibroblast protein kinase C-alpha (PKC-alpha) pathway
by regulating the expression of alpha-SMA to affect atrial
fibrosis and structural remodeling and lead to AF [27, 28].
Oxidative stress and inflammatory response pathway can
also lead to atrial fibrosis, which in turn leads to atrial fibril-
lation. Some people believe that reactive oxygen species lead
to atrial fibrosis and atrial fibrillation by stimulating the
expression of MMPs to make fibroblast proliferation [29].
Some also believe that reactive oxygen species cause atrial
fibrosis by affecting energy proteins such as nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase [30].
And Colman et al. found that there were a large number of
inflammatory cell infiltration in fibrotic and necrotic cardio-
myocytes in the atrial tissue of patients with persistent atrial
fibrillation, such as Ang-II, tumor necrosis factor-α (TNF-
α), interleukin- (proinflammatory cytokines and hormone
release IL-) 6 and IL-8 [31].What’s more, it is found that
the incidence of atrial fibrillation increases with the increase
of C-reactive protein, indicating that C-reactive protein can
be used as an independent risk factor for atrial fibrillation
[32]. On the one hand, ion channels can affect cardiac con-
traction by affecting cardiac electrical activity; on the other
hand, it can also cause atrial fibrosis and maintain arrhyth-
mias by delayed triggering of myocardial depolarization
through a variety of pathways, such as the expression of neu-

tral protease calpain, the activation of RyR receptors, and the
opening and closing of transient receptor potential channels
[33, 34]. Regarding matrix metalloproteinases (MMP), it is
a family of zinc-dependent proteolytic enzymes that affect
extracellular matrix, including gelatinase, collagenase, and
matrix enzyme, while extracellular matrix plays an important
role in the treatment of atrial fibrosis. Studies have found that
tissue inhibitors of metalloproteinases (TIMPs) can affect the
expression level of metalloproteinases. Now it is mainly
found that metalloproteinase-2 and metalloproteinase-9 are
closely related to atrial fibrosis and atrial fibrillation [35].

To this end, the research team used the GO and KEGG
pathways of atrial fibrosis and atrial remodeling related to
atrial fibrillation as the modules for screening candidate genes,
such as ion channels, protein and membrane biosynthesis,
biological metabolism, energy metabolism, and other path-
ways. Then the candidate genes were screened by STRING
online database and Cystoscape software, and six key genes
were obtained, namely, ST8SIA5, ODC1, LAPTM5, NPC2,
SNAP29, and FCGR3B.

α-2, 8-sialyltransferase 5 (ST8SIA5) mediates the trans-
fer of sialic acid through the α-2pyrine 8-chain. Sialic acids
have been reported to be involved in a variety of biological
processes, including cell-cell adhesion, immune defense,
tumor cell metastasis, and inflammation [36]. These
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Figure 7: The violin plot diagram of hub gene expression level between atrial fibrillation and sinus rhythm patients: (a)–(f) represent the
differences in the expression levels of the six hub genes, ST8SIA5 (P = 6:9e − 16), ODC1 (P = 7:9e − 08), LAPTM5 (P = 7:1e − 07), NPC2
(P = 2:2e − 06), SNAP29 (P = 2:7e − 10), and FCGR3B (P = 4:7e − 11), in patients with atrial fibrillation and sinus diseases, with P values
less than 0.05, which are of significant statistical significance.
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biological processes also participate in the occurrence and
development of atrial fibrosis and atrial remodeling. Accord-
ing to some researches, ST8SIA4 can promote the prolifera-
tion, migration, and invasion of thyroid cancer cells by
activating PI3K-AKT-mTOR signaling pathway [37]. Sialyl-
transferase can also catalyze the transfer of sialic acid to pro-
teins and lipids and participates in the synthesis of
oligosaccharide core structures [38]. Natural sialylation is
very important for the function of therapeutic proteins
because it affects the physical, chemical, and immunogeni-
city of glycoproteins, and more importantly, it affects the
properties of extracellular matrix to lead to atrial fibrosis.

Lysosomal-associated protein transmembrane 5
(LAPTM5) [39], Niemann-Pick C2 protein (NPC2) [40],
and synaptosomal-associated protein 29 (SNAP29) [41] have
the most characteristics of autophagy. Autophagy is a

dynamic process regulated by multiple genes and molecular
signals. The formation of autophagosomes, the transport of
autophagy substrates to lysosomes and the degradation of
autophagosomes in lysosomes are called autophagy energy
fluxes. Autophagy is an important metabolic pathway to
maintain homeostasis in eukaryotic cells under starvation,
inflammation, and hypoxia/reoxygenation injury. Autolytic
corpuscles mainly eliminate aging organelles and misfolded
proteins and provide energy for cells. Autophagy is main-
tained at a low level in normal myocardium [42]. However,
myocardial energy metabolism is disturbed, including myo-
cardial injury caused by atrial fibrillation, and autophagy
may be overactivated or inhibited [43]. Low-level autophagy
is an important method to maintain cardiomyocyte homeo-
stasis, that is, any form of myocardial injury will lead to
cardiomyocyte autophagy. And excessive activation or

Table 4: Functional analysis and microRNA prediction of hub genes.

Hub gene MicroRNAs Functional P value

ST8SIA5

miR-218-5p
miR-203a-3p.1
miR-218-5p
miR-4295
miR-3666

miR-301a-3p

KEGG
Glycosphingolipid biosynthesis, ganglio series,

LacCer =>GT3 0.019

GO
Golgi apparatus
Golgi membrane

0.0004
0.0001

ODC1

miR-188-5p
miR-6866-3p
miR-133a-3p
miR-3184-5p

KEGG Polyamine biosynthesis, arginine => ornithine => putrescine 0.014

GO
Cytoplasm
Cytosol

2.0 E-06
0.0001

LAPTM5

Hsa-miR-330-3p
Hsa-miR-6766-3p
Hsa-miR-219a-5p
Hsa-miR-4782-3p

KEGG
Lysosome

mTOR signaling pathway
0.019
0.05

GO
Membrane

Proteasome accessory complex
0.00007
0.006

NPC2

Hsa-miR-23c
Hsa-miR-23a-3p
Hsa-miR-130a-5p
Hsa-miR-23b-3p

KEGG
Lysosome

Amino sugar and nucleotide sugar metabolism
0.0258
0.04

GO
Endoplasmic reticulum 0.049

Extracellular exosome 0.0107

SNAP29

miR-338-3p
miR-124-3p

Hsa-miR-222-3p
Hsa-miR-221-3p

KEGG
SNARE interactions in vesicular transport

Autophagy-animal
0.024
0.03

GO
Golgi membrane

Autophagosome membrane
4.69E-4
0.0045

FCGR3B
Hsa-miR-6893-3p
Hsa-miR-370-3p

KEGG
Natural killer cell mediated cytotoxicity

Staphylococcus aureus infection
0.027
0.038

LAPTM5

ODC1

HIF1A

SNAP29

NPC2

ZIC2ELF1 STAT2

ST8SIA5

FCGR3B

EIF5A2

Figure 8: Prediction of transcription factors of hub gene: green indicates the top five transcription factors with the highest standard
enrichment score, red indicates the hub gene, and arrows indicate the degree of association between TFs and hub gene.
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inhibition of autophagy will lead to myocardial injury. There-
fore, LAPTM5, NPC2, and SNAP29 may lead to atrial
remodeling through myocardial injury caused by autophagy.

In addition, some studies have found that LAPTMs can
act on the fibroblasts of type IV mucoliposomal disease
and cause the disease. The analysis of fibroblasts of type IV
mucin liposome disease shows that there are a large number
of vacuolar structures, including a large number of muco-
polysaccharides and lipids. Changes in the composition of
extracellular matrix can lead to fibrosis [44]. LAPTMs may
also cause changes in myocardial extracellular matrix com-
ponents and lead to atrial fibrosis. In addition, the study also
found that the structure and function of LAPTMs family is
similar to mucin 1, which is known as transient receptor
potential superfamily. This is an inward rectifier channel,
and the change of its activity will affect the plasma levels of
calcium, sodium, and magnesium ions [45]. It has also been
found that injection of overexpressed NPC2 into mice
through adeno-associated virus serotype 9 can lead to the
accumulation of fibroblasts, and it has also been found that
NPC can affect Purkinje cells, and which are also involved
in cardiac electrophysiological activities [46]. More impor-
tantly, the main function of NPC is to affect the transport
of cholesterol and low density lipoprotein, so it plays an
important role in cardiovascular disease [47].

Ornithine decarboxylase 1 (ODC1) is mainly involved in
the metabolism of polyamines, which regulates cell prolifer-
ation and differentiation. Some studies have shown that
ODC1 can participate in inflammatory response after mac-
rophage stimulation [48]. This is consistent with the pres-
ence of a large number of inflammatory cells around the
myocardium in patients with atrial fibrillation, which indi-
cates that ODC1 may participate in atrial fibrosis through
inflammatory reaction and lead to atrial fibrillation.
FCGR3B is a gene encoding FC-γ receptor 3B, which is
mainly involved in immune regulation, inflammation, and
cytotoxicity. Some studies have found that FCGR3B can lead
to pulmonary fibrosis through proinflammatory and fibro-
genic processes, including tumor necrosis factor-α, trans-
forming growth factor-β, MCP-1, and IL-8 [49]. Although
there are no reports about the direct relationship between
FCGR3B and atrial fibrillation, the mechanism of atrial
fibrosis in atrial fibrillation mentioned above is consistent
with the mechanism of pulmonary fibrosis caused by
FCGR3B, so FCGR3B may be a potential biomarker for the
maintenance of atrial fibrillation.

In this study, not only six key genes were screened but
also the regulatory factors of key genes, TFs and micro-
RNAs, were predicted. Widely found across species, micro-
RNA (miRNA, miR) is a highly conserved noncoding RNA
that is composed of 19~26 nucleotides [50]. Because miRNA
can regulate the expression of nearly 1/3 of all protein cod-
ing genes in the human genome, it has become an important
area of research in a variety of cardiovascular disease,
including atrial fibrillation. The gene that contains the
miRNA coding sequence is called the miRNA host gene
(HG). Because miRNA originates from posttranscriptional
splicing of its host gene and may affect its host gene’s expres-
sion due to their innate complementary sequences, there is

crosstalk between a miRNA and its host gene. Therefore,
the studies of miRNA and its host gene may provide a theo-
retical basis for revealing the mechanism of AF [51]. Some
studies have found that microRNA-1 k affects the level of
IK-1 by regulating Kir-2. It is well known that the upregula-
tion of IK-1, which is responsible for the inward-rectifier
potassium channel, is one of the important mechanisms for
maintaining atrial fibrillation [52]. Meanwhile, the expres-
sion levels of miR-21 and miR-29 also confirmed that they
were involved in the maintenance of atrial fibrillation [53,
54]. To this end, we also use an online database to predict
the microRNAs of the six hub genes in Table 4. Finally, our
results also found that the main regulatory factors of EIF5A2,
HIF1A, ZIC2, ELF1, and STAT2, which target key genes,
were significantly associated with valvular atrial fibrillation.

In summary, through bioinformatics, we found that
autophagy, energy metabolism, ion channel, oxidative stress,
and inflammatory reaction may play important roles in the
occurrence and maintenance of atrial fibrillation through a
variety of physiological or pathophysiological processes.
Based on network regulation, we also revealed potential
therapeutic targets for VAF. We also obtained six hub gene
markers involved in the occurrence and maintenance of
atrial fibrillation, which were statistically significant, includ-
ing ST8SIA5, ODC1, LAPTM5, NPC2, SNAP29, and
FCGR3B. Most of these genes are related to lysosomal
autophagy, which provides new insights into the molecular
mechanism of occurrence and development of atrial fibrilla-
tion. Finally, our results also confirmed that the main regu-
latory factors, EIF5A2, HIF1A, ZIC2, ELF1, and STAT2,
are significantly associated with the occurrence and mainte-
nance of atrial fibrillation through targeting candidate genes.
Of course, microRNAs corresponding to candidate genes are
also predicted, which may also be potential markers of val-
vular atrial fibrillation.

5. Limitation

There are still some limitations in our research. First of all,
our results are based on microarray analysis of gene expres-
sion values, and then protein network construction is carried
out. However, this is not directly equivalent to protein
expression, so the biomarker in this study should be gene,
not protein. What’s more, it should be verified in vitro,
in vivo, and clinical trials, rather than just limited to network
prediction.

6. Conclusions

The results found that these hub genes, NPC2, ODC1,
SNAP29, LAPTM5, ST8SIA5, and FCGR3B, play a key role
in the development and maintenance of VAF, and their
enrichment pathways and TFs elucidate the involved molec-
ular mechanisms and assist in the validation of drug targets.

Conflicts of Interest

The authors declare that they have no conflict of interest.

19Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

Authors’ Contributions

Fan Zou and Tiantian Chen are co-first authors.

Acknowledgments

This study was funded by the Natural Science Foundation
Project of Guangdong Basic and Applied Basic Research
Fund (Grant No.2019A1515010969).

References

[1] J. D. Roberts and M. H. Gollob, “Impact of genetic discoveries
on the classification of lone atrial fibrillation,” Journal of the
American College of Cardiology, vol. 55, no. 8, pp. 705–712,
2010.

[2] A. Majeed, K. Moser, and K. Carroll, “Trends in the prevalence
and management of atrial fibrillation in general practice in
England and Wales, 1994-1998: analysis of data from the gen-
eral practice research database,” Heart, vol. 86, no. 3, pp. 284–
288, 2001.

[3] D. Dobrev, L. Carlsson, and S. Nattel, “Novel molecular targets
for atrial fibrillation therapy,” Nature Reviews. Drug Discovery,
vol. 11, no. 4, pp. 275–291, 2012.

[4] J. Oldgren, J. S. Healey, M. Ezekowitz et al., “Variations in
cause and management of atrial fibrillation in a prospective
registry of 15,400 emergency department patients in 46 coun-
tries: the RE-LY atrial fibrillation registry,” Circulation,
vol. 129, no. 15, pp. 1568–1576, 2014.

[5] A. J. Camm, G. Y. Lip, R. De Caterina et al., “2012 focused
update of the ESC guidelines for the management of atrial
fibrillation: an update of the 2010 ESC guidelines for the man-
agement of atrial fibrillation. Developed with the special con-
tribution of the European heart rhythm association,”
European Heart Journal, vol. 33, no. 21, pp. 2719–2747, 2012.

[6] Z. Zhou and D. Hu, “An epidemiological study on the preva-
lence of atrial fibrillation in the Chinese population of main-
land China,” Journal of Epidemiology, vol. 18, no. 5, pp. 209–
216, 2008.

[7] J. Y. Kim, S. J. Lee, J. H. Kim, C. M. Choi, S. R. Yoon, and K. I.
Jung, “Effects of atrial fibrillation on the outcome of the reha-
bilitation in patients with cerebral infarction,” Annals of Reha-
bilitation Medicine, vol. 38, no. 6, pp. 766–774, 2014.

[8] E. J. Benjamin, D. Levy, S. M. Vaziri, R. B. D'Agostino, A. J.
Belanger, and P. A. Wolf, “Independent risk factors for atrial
fibrillation in a population-based cohort. The Framingham
Heart Study,” The Framingham Heart Study. JAMA, vol. 271,
no. 11, pp. 840–844, 1994.

[9] A. Kourliouros, I. Savelieva, A. Kiotsekoglou, M. Jahangiri, and
J. Camm, “Current concepts in the pathogenesis of atrial fibril-
lation,” American Heart Journal, vol. 157, no. 2, pp. 243–252,
2009.

[10] A. Boldt, U.Wetzel, J. Lauschke et al., “Fibrosis in left atrial tis-
sue of patients with atrial fibrillation with and without under-
lying mitral valve disease,” Heart (British Cardiac Society),
vol. 90, pp. 400–405, 2004.

[11] C. R. Mitchell and M. K. Das, “Paroxysmal lone atrial fibrilla-
tion is associated with an abnormal atrial substrate: character-
izing the "second factor",” Journal of Atrial Fibrillation, vol. 2,
p. 202, 2009.

[12] R. A. Irizarry, B. Hobbs, F. Collin et al., “Exploration, normal-
ization, and summaries of high density oligonucleotide array

probe level data,” Biostatistics (Oxford, England), vol. 4,
pp. 249–264, 2003.

[13] M. E. Ritchie, B. Phipson, D. I. Wu et al., “Limma powers dif-
ferential expression analyses for RNA-sequencing and micro-
array studies,”Nucleic Acids Research, vol. 43, article e47, 2015.

[14] P. Langfelder and S. Horvath, “WGCNA: an R package for
weighted correlation network analysis,” BMC Bioinformatics,
vol. 9, no. 1, p. 559, 2008.

[15] D. W. Huang, B. T. Sherman, Q. Tan et al., “DAVID bioinfor-
matics resources: expanded annotation database and novel
algorithms to better extract biology from large gene lists,”
Nucleic Acids Research, vol. 35, Supplement_2, pp. W169–
W175, 2007.

[16] Y. Zhou, B. Zhou, L. Pache et al., “Metascape provides a
biologist-oriented resource for the analysis of systems-level
datasets,” Nature Communications, vol. 10, p. 1523, 2019.

[17] D. Szklarczyk, J. H. Morris, H. Cook et al., “The STRING data-
base in 2017: quality-controlled protein-protein association
networks, made broadly accessible,” Nucleic Acids Research,
vol. 45, pp. D362–D368, 2017.

[18] C. S. Lin and C. H. Pan, “Regulatory mechanisms of atrial
fibrotic remodeling in atrial fibrillation,” Cellular and Molecu-
lar Life Sciences: CMLS, vol. 65, no. 10, pp. 1489–1508, 2008.

[19] T. Krogh-Madsen, G. W. Abbott, and D. J. Christini, “Effects
of electrical and structural remodeling on atrial fibrillation
maintenance: a simulation study,” PLoS Computational Biol-
ogy, vol. 8, no. 2, article e1002390, 2012.

[20] S. Levy and P. Sbragia, “Remodelling in atrial fibrillation,”
Archives des Maladies du Coeur et des Vaisseaux, vol. 98,
no. 4, pp. 308–312, 2005.

[21] B. Burstein and S. Nattel, “Atrial fibrosis: mechanisms and
clinical relevance in atrial fibrillation,” Journal of the American
College of Cardiology, vol. 51, no. 8, pp. 802–809, 2008.

[22] H. D. Xiao, S. Fuchs, D. J. Campbell et al., “Mice with cardiac-
restricted angiotensin-converting enzyme (ACE) have atrial
enlargement, cardiac arrhythmia, and sudden death,” The
American Journal of Pathology, vol. 165, pp. 1019–1032, 2004.

[23] I. Savelieva, N. Kakouros, A. Kourliouros, and A. J. Camm,
“Upstream therapies for management of atrial fibrillation:
review of clinical evidence and implications for European Soci-
ety of Cardiology guidelines. Part I: primary prevention,” Part
I: primary prevention. Europace, vol. 13, no. 3, pp. 308–328,
2011.

[24] X. He, X. Gao, L. Peng et al., “Atrial fibrillation induces myo-
cardial fibrosis through angiotensin II type 1 receptor-
specific Arkadia-mediated downregulation of Smad7,” Circu-
lation Research, vol. 108, pp. 164–175, 2011.

[25] P. J. Lijnen, V. V. Petrov, and R. H. Fagard, “Induction of
cardiac fibrosis by transforming growth factor- β1,” Molecu-
lar Genetics and Metabolism, vol. 71, no. 1-2, pp. 418–435,
2000.

[26] S. Verheule, T. Sato, T. Everett et al., “Increased vulnerability
to atrial fibrillation in transgenic mice with selective atrial
fibrosis caused by overexpression of TGF-β1,” Circulation
Research, vol. 94, no. 11, pp. 1458–1465, 2004.

[27] B. Qiao, S. R. Padilla, and P. D. Benya, “Transforming growth
factor (TGF)-β-activated kinase 1 mimics and mediates TGF-
β-induced stimulation of type II collagen synthesis in chon-
drocytes independent of _Col2a1_ transcription and Smad3
signaling∗,” The Journal of Biological Chemistry, vol. 280,
no. 17, pp. 17562–17571, 2005.

20 Computational and Mathematical Methods in Medicine



Retraction
Retracted: circKMT2E Protect Retina from Early Diabetic
Retinopathy through SIRT1 Signaling Pathway via Sponging miR-
204-5p

Computational and Mathematical Methods in Medicine

Received 12 December 2023; Accepted 12 December 2023; Published 13 December 2023

Copyright © 2023 Computational and Mathematical Methods in Medicine. This is an open access article distributed under the
Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

This article has been retracted by Hindawi, as publisher,
following an investigation undertaken by the publisher [1].
This investigation has uncovered evidence of systematic
manipulation of the publication and peer-review process.
We cannot, therefore, vouch for the reliability or integrity
of this article.

Please note that this notice is intended solely to alert
readers that the peer-review process of this article has been
compromised.

Wiley and Hindawi regret that the usual quality checks
did not identify these issues before publication and have
since put additional measures in place to safeguard research
integrity.

We wish to credit our Research Integrity and Research
Publishing teams and anonymous and named external
researchers and research integrity experts for contributing
to this investigation.

The corresponding author, as the representative of all
authors, has been given the opportunity to register their
agreement or disagreement to this retraction. We have kept
a record of any response received.

References

[1] J. Shi and L. Li, “circKMT2E Protect Retina from Early Diabetic
Retinopathy through SIRT1 Signaling Pathway via Sponging
miR-204-5p,” Computational and Mathematical Methods in
Medicine, vol. 2022, Article ID 7188193, 12 pages, 2022.

Hindawi
Computational and Mathematical Methods in Medicine
Volume 2023, Article ID 9849304, 1 page
https://doi.org/10.1155/2023/9849304

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/9849304


RE
TR
AC
TE
DResearch Article

circKMT2E Protect Retina from Early Diabetic
Retinopathy through SIRT1 Signaling Pathway via Sponging
miR-204-5p

Jilai Shi and Li Li

Department of Endocrinology, The Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan,
Shandong 250014, China

Correspondence should be addressed to Li Li; bangtang1234@126.com

Received 6 July 2022; Revised 4 August 2022; Accepted 23 August 2022; Published 30 September 2022

Academic Editor: Min Tang

Copyright © 2022 Jilai Shi and Li Li. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. To explore the changes of circRNAs in the retina of diabetic patients without diabetic retinopathy (DR) to screen latent
protective factor. Methods. The sequencing data of the retina from three diabetic donors that possess no noticeable pathological
feature of the retina at ultimate eye inspection and three healthy donative samples were involved in this study. Herein, we carried
out bioinformatics analysis to disclose the expression pattern and characteristics of circRNAs on the basis of Gene Ontology as
well as KEGG pathway analyses. Then, sequencing data were applied to infer the interaction between selected circRNAs and
miR-204-5p. The potential miRNA response elements for the annotated circRNAs and their target gene were speculated using
TargetScan as well as miRanda. Results. RNA sequencing detected 28,978 alternative circRNAs. Thereinto, 1063 were expressed
with significant difference. circKMT2E was upregulated more than two folds in alloxan-induced diabetic retinal tissues
compared with normal retinal tissues, exhibiting an expression trend opposite to miR-204-5p. Bioinformatics analysis showed
that circKMT2E have four seed sequences on hsa-miR-204-5p. Thus, circKMT2E was speculated to have function on the basis
of sponging miR-204-5p in order to participate in the pathogenetic process of DR. Besides, miR-204-5p was speculated to be
able to bind SIRT1, which can interact with its target proteins, and adjusts various cell functions including cellular
inflammatory responses, proliferation, as well as apoptosis. Conclusion. The upregulation of circKMT2E in the early stage of
DR may be involved in its pathogenesis and may activate the SIRT1 signaling pathway to protect the retina by the sponge
function to miR-204-5p.

1. Introduction

Diabetes mellitus (DM) as a kind of noncommunicable
chronic metabolic disease has prevailed worldwide [1, 2].
The complications of DM affect nearly every tissue of the
human body; among all affected tissue, diabetic retinopathy
(DR) refers to the frequent microvascular complication that
accompanies DM. DR currently is deemed as one of the
most common causes of blindness especially in working-
aged people [2, 3]. Most studies organized for western pop-
ulations have found a DR prevalence of more than 30% in
individuals of similar age and duration of disease [1].

In the wake of the quick progress of high-throughput
sequencing approaches, the function of circular RNAs (cir-
cRNAs), which take part in significant processes in diverse
diseases, has been increasingly focused on [4–7]. circRNAs,
dissimilar to linear RNAs, could take shape in a closed annu-
lus structure presenting better steadiness as well as more
specific peculiarities [8–11]. circRNAs, which are normally
expressed according to the stage-specific manner as well as
tissue-specific pattern, can participate in a series of physio-
logical as well as pathological processes [12–14]. circRNAs
contain microRNA (miRNA) response elements, by which
circRNAs could adjust the expression of their target genes
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[15]. circRNAs, as a type of noncoding RNAs with modula-
tory capacity, can weaken the impact of miRNAs on the
basis of silencing miRNA via sponge function, which is
related to the posttranscriptional management of genes
[15, 16].

On basis of the combination of bioinformatics analysis
and basic experiment, the networks of gene modulatory
among mRNAs, circRNAs, and miRNAs reported by a few
previous studies have offered us more profound knowledge
of the process of pathology and development for the retina.
Therein, miR-204, a miRNA widely expressed in the lung,
kidney, eye, mammary gland, skin, as well as melanocytes,
executes significant functions during both functional main-
tenance and retinal development [17]. miR-204, a type of
enriched miRNAs in eyes, owns the most prominent expres-
sion in the ocular tissue, such as the retina, lens, and ciliary
body. Therefore, the extensive expression of miR-204
implies that it could adjust several vital cellular activities
for ocular tissue [18–20]. Mao et al. found that the expres-
sion levels of miR-204-5p were significantly augmented in
the retina from diabetic rats; besides, miR-204-5p addition-
ally endorses the development process of DR on the basis
of downregulating the microtubule-linked protein 1 light
chain 3 to inhibit autophagy [21]. However, Yang et al.
found that high glucose can downregulate miR-204 in
ARPE19 cells [22].

During the initial progress of DR, vascular pathology, for
instance, areas of vascular nonperfusion, microaneurysms,
and decreased retinal blood flow, appears [3, 23]. Reduced
blood flow of the retina, to some extent, manifests incho-
ately, not only in humans with DM but also in animal
models with DM [23, 24]. Altered accommodation of inner
retinal vascular is normally deemed as an accommodation
forerunner to the occurrence of grievous vascular pathology
in DR [25]. The controversial capacity of miR-204 in the
pathogenetic process of DR may suggest that miR-204 par-
ticipates in the early protective effect but terminal
disablement.

In this study, to ascertain the function of miR-204 in
early diabetic retina as well as to reveal the early latent path-
ogenetic process of DR, in-depth sequencing data from post-
mortem human retinal tissue including three diabetic
donors without DR and three healthy donors were enrolled.
Mainly based on bioinformatics analysis, we found that the
upregulation of circKMT2E in the early stage of diabetic ret-
inal feedback may be involved in the pathogenesis of DM
that activates the SIRT1 signaling pathway to protect the ret-
ina by the sponge function to miR-204-5p.

2. Methods

2.1. In-Depth Sequencing Data. The in-depth transcriptomic
data of both healthy and diabetic donors (with no evident
visual injury or obvious pathology of the retina at the ulti-
mate ocular inspection) were downloaded from the NCBI
BioProject database with accession numbers PRJNA672929
and PRJEB10043 using “prefetch” order in Linux with the
NCBI SRA Toolkit. After stratified sampling, three healthy
subjects and three diabetic subjects were signed up in this

investigation. The retinal samples from a postmortem
human were acquired via the Iowa Lions Eye Bank (Coral-
ville, Iowa, USA) in which samples were safeguarded within
6 h postmortem [26]. For the option of donors, Becker et al.
[26] did not enlist donors who possess a confirmed medical
history of Hepatitis B or C and HIV. Besides, donated ocular
samples that were provided with neurodegenerative diseases
were also excluded.

2.2. Differential Gene Expression Analysis. Sequencing reads
with satisfying quality were matched to the online reference
genome or transcriptome with the aid of STAR software
(v2.5.1b) [27]. All identified circRNAs on the basis of DCC
software were then annotated with the aid of the circBase
database as well as Circ2Traits. circRNAs that possess signif-
icant differential appearance between the above-mentioned
two groups were recognized based on t-test. The p value
was corrected using the Benjamini and Hochberg method
[28]. Fold change ≥ 2:0 as well as p value ≤ 0.05 were used
for filtering circRNAs with differential expression.

2.3. Enrichment Analyses on Basis of GO and KEGG. Enrich-
ment analyses on the basis of GO (http://www.geneontology
.org) as well as KEGG (http://www.genome.jp/kegg) were
implemented on the host genes of circRNAs with differential
expression. GO is a methodic and organized database in
order to depict both genes and its product. It not only cov-
ered molecular function but also revealed biological pro-
cesses as well as cell component. With the help of the
pathway analysis from KEGG, the signaling pathways that
contain circRNAs as well as their biological functions can
be inferred. The relevant p value was computed on the basis
of Fisher’s exact test, with a suggested threshold value at
0.05.

2.4. Early DR-Related Candidate circRNA Analysis. The
abundance of circRNAs was calculated by Ballgown and
computed by Fragments Per Kilobase of exon model per
Million mapped fragments (FPKM). The threshold value of
FPKM in each group was 0.5, which mean the circRNA
would be deemed as expressing in this group if FPKM >
0:5. For the circRNA expression, Student’s t-test was applied
on the basis of GraphPad Prism 8.0 to compute the signifi-
cance for differences.

2.5. Interaction Network Analysis of circRNA, miRNA, and
Target Gene. The underlying miRNA reaction elements for
the annotated circRNAs and target gene were predicted
using custom-written software on the basis of both TargetS-
can and miRanda (Cloud-seq Biotech, Shanghai, China).
CircPrimer1.2 (http://www.bioinf.com.cn/) and UCSC
genome browser were used to annotate the arrangement of
circKMT2E and its positions on parental genes, respectively.
circMir1.0 software, on the basis of miRanda 2010 (http://
www.microRNA.org/microRNA/getDownloads.do) and
RNAhybrid-2.1.2 (https://bibiserv.cebitec.uni-bielefeld.de/
rnahybrid/), was applied to annotate putative bundling situ-
ations of miR-204-5p on circKMT2E transcripts.
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3. Results

3.1. Overall Result of RNA Sequencing. We identified the
expression level of numerous circRNAs existing in retinal
tissues on the basis of the samples donated from the diabetic
subjects with no conspicuous visual damage or observable
pathology at ultimate ocular detection as well as the retinal
tissues from control healthy donors using the high-
throughput sequencing. Under the sequencing, a total of
28,978 circRNAs were perceived in human retinal tissues,

of which 10,970 circRNAs were observed for the first time
as newfound circRNAs, while 18,008 circRNAs were already
included in the circBase. (Figure 1(b)). According to the
functional explanation in this study, which refers to the
genome of these annotated circRNAs, 75.09% of these cir-
cRNAs were situated in protein-coding exons, while 0.69%,
1.24%, 6.11%, and 16.87% of them belonged to introns,
intergenic, antisense, and sense overlapping regions, respec-
tively (Figure 1(a)). The median size of exonic circRNAs was
distributed at 556nt (Figure 1(c)).

75.09% exonic
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16.87% sense overlapping
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Figure 1: Overall result of RNA sequencing. (a) The genomic location of circRNAs. (b) The amount of circRNAs as well as their junction
reads discerned in DR as well as normal tissues. (c) The length distribution of exonic circRNAs.
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3.2. Expression Pattern and Characteristics of circRNAs in
Retinal Tissues in Type 2 Diabetes Patients without Diabetic
Retinopathy. Differentially expressed circRNAs between
above-mentioned two groups are exhibited on the basis of
a scatter plot (Figure 2(a)). As shown in the volcano plot
(p ≤ 0:05 as well as fold change ≥ 2.0), the number of 1063
circRNAs was disclosed to present significant differential
expression between the above-mentioned two groups, of
which 142 circRNAs were increased and 921 circRNAs were
decreased in the DM group in contrast with the control
group (Figure 2(b)). Among screened circRNAs with differ-
ential expression, 198 circRNAs were detected as novel cir-
cRNAs, and 865 circRNAs were already included in the
circBase (Figure 2(c)). Besides, a total of 14 circRNAs were
revealed to present more than 5-fold differential expression,
including circMET, circITCH, circDNMT3B, circPAG1, cir-
cADAM9, circFTO, circ001209, circKMT2E, circCOL1A2,
circ0001953, circHIPK3, circ0084043, circZNF532, and cir-
cEhmt1 (Figure 2(d)).

3.3. Distribution of the circRNAs with Differential Expression.
Among 1063 differentially expressed circRNAs, 1056 were
derived from 805 unique genes, while the host genes of 7 cir-
cRNAs cannot be ascertained. 81.49% of the 805 genes gen-
erated only one circRNA, 11.80% of these genes generated
two different circRNAs, and 6.71% of these genes generated
more than two circRNAs (Figure 3(a)). In addition, these
circRNAs differentially distributed throughout all of human
chromosomes (Figures 3(b) and 3(c)).

3.4. Gene Ontology and KEGG Pathway Analyses of
Differentially Expressed circRNAs. In the process of bioinfor-
matics analysis, to annotate the capacity of the target genes
of all circRNAs that were differentially expressed, Gene
Ontology analysis was applied. The top ten enriched func-
tional entries of cellular components, biological processes,
and molecular functions are shown in Figure 4. The most
enriched biological process was intracellular metabolic, organ-
elle organization as well as cell protein metabolic process
(Figure 4(a)). Of the cellular components, the genes were
closely related to the intracellular part, intracellular organelle,
cytoplasm, and catalytic complex (Figure 4(b)). For the molec-
ular functions, the largest proportion of top genes was referred
to as binding and protein binding (Figure 4(c)). To further
understand the correlation between these top genes and the
pathogenesis of the early DR, we employed pathway analysis
based on KEGG. The top ten strikingly enriched KEGG path-
ways are shown in Figure 4(d).

3.5. The Latent Connection between miR-204-5p and
circRNA. Due to the specific significance of miR-204 in the
biology of the retina [17, 22], in this study, what circRNAs
the predicted miRNA targets were identified on the basis
of miRNA target prediction software—TargetScan. A total
of 240 circRNAs were inferred to possess miR-204-5p
response elements. By comparing these circRNAs with the
differentially expressed genes in DM retina, our research
team discovered that 206 (85.83%, 206/240) circRNAs were
expressed with significant difference in the DM group,
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Figure 2: Differential expression of circRNAs in diabetic retinopathy tissues. (a) The scatter plot of circRNA expression of the retinal tissues
from diabetes mellitus (DM) and control groups. The middle black line indicates that the DM and normal control groups present no
significant difference. circRNAs beyond the top black line or under the bottom black line signpost >2-fold alterations. The red spots
disclose augmented circRNAs, and the green spots reveal diminished circRNAs in the DR group in contrast to the control group
(fold change ≥ 2:0). (b) The volcano plot of the circRNAs with remarkable differential expression between two groups. The vertical green
lines represent 2.0-fold (log2 scaled) augmented and diminished changes. The horizontal green line refers to a p value of 0.05 (−log10
scaled). The red spots represent circRNAs with remarkable differential expression (fold change ≥ 2:0, p ≤ 0:05). (c) A number of 1063
circRNAs are significantly differentially expressed with ≥2-fold changes (p ≤ 0:05) in the DM group in contrast to the control group.
There are 142 significantly upregulated circRNAs and 921 significantly downregulated circRNAs, including 198 novel circRNAs (red).
(d) A number of 1063 circRNAs were probed to having a significant changed expression between two groups, and 14 circRNAs that
presented more than 5-fold difference were delivered in this figure. The circRNAs with high expression were red-colored, while
circRNAs with low expression were green-colored.
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including 18 (7.5%, 18/240) upregulated and 188 (78.33%,
188/240) downregulated circRNAs (Figure 5(a)). That is,
the alteration of the miR-204-5p-related circRNAs seems
to be associated with the pathogenesis of DM.

The predicted mutual combination of miRNA and cir-
cRNA was ranked according to pairing structure scores
computed by miRanda algorithms, with the result revealing
that hsa-miR-204-5p had a high score for upregulating cir-
cRNA circKMT2E and downregulating circRNA circPAG1.

Hence, circKMT2E and circPAG1 were further used for
the FPKM analysis. These two circRNAs both showed the
same expression patterns with the sequencing results
(Figure 5(b)). circKMT2E is upregulated significantly
(FC = 4:449, p = 0:047), while circPAG1 is downregulated
significantly (FC = 0:413, p = 0:021), in the DM group in
contrast to the healthy control.

Besides, circKMT2E, derived from Exon4-Exon15 of
transcript KMT2E of Chromosome 7 (q22.3) (Figures 6(a)
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Figure 3: Distribution of the differentially expressed circRNAs. (a) Analysis of circRNAs and their host genes shows most genes (81.49%)
generating only one circRNA. (b) Chromosomal distribution of the differentially expressed circRNAs. (c) Chromosomal distribution of
screened circRNAs in the human chromosomes. The farthest outer layer discloses the situation of the circRNAs. From the outside to the
inside, the inner circles disclosed the expression distribution of all circRNAs in diabetic as well as normal samples.
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and 6(b)), was significantly upregulated in DM retina and
exhibiting an opposite expression pattern to miR-204-5p.
Bioinformatics prediction revealed that circKMT2E having
four matched sequences could combine with miR-204-5p
(Figures 6(c) and 6(d)). Further analysis of TargetScan
revealed that miR-204-5p could combine with SIRT1.
Briefly, circKMT2E seems can activate the SIRT1 signaling
pathway by the sponge function to miR-204-5p.

4. Discussion

circRNAs and miRNAs, which have dynamic and tissue-
and cell-type-specific expression patterns, attract many
researches to focus on their potential function, especially
on their roles in the pathogenesis of diseases and the possi-
bility to serve as fresh therapeutic targets for DR treatment
[29]. Currently, most general studies show that circRNA
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Figure 4: Gene ontology analysis as well as Kyoto Encyclopedia of Genes and Genomes analysis of the host genes of circRNAs with
differential expression. GO analysis annotates differentially expressed circRNAs through three aspects, including (a) biological process,
(b) cellular components, and (c) molecular function. The bar plots show the top ten improvement score values of the expressive
enrichment terms. (d) The top ten relevant pathways are identified for the differentially expressed circRNAs. The enrichment score value
of displayed Pathway ID equals “−log10 (p value).” The dot plot discloses the top ten enrichment score (−log10 (p value)) values of the
expressive enrichment pathway.
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can frequently act as the “sponges” of correlative miRNA
and decrease the inhibiting effect of miRNAs toward target
gene expression [28, 30]. In this study, compared with the
control group, 14 different circRNAs in retinal samples from
diabetic donors who do not possess conspicuous ocular
impairment or obvious pathology of the retina at the last
eye exam were revealed to present significant alteration
and may participate in the early pathological feedback of
DR. Some of this circRNAs have been confirmed by system-
atic research; for example, Zhu et al. [31] found that down-
regulation of circDMNT3B was conducive to the vascular
dysfunction of DR on basis of targeting miR-20b-5p and
BAMBI (a type 1 TGFβ receptor antagonist), and Shan
et al. [32] found that circZNF532 adjusts diabetes-induced
retinal pericyte deterioration as well as vascular dysfunction.

It was reported by Qi et al. [21] as well as Yang et al. [22]
that miR-204 may be significative in the pathogenesis of DR;
however, both the capacity of miR-204 in the early phase of
DR and its upstream mechanism are remain sealed. Thus,
we launched this study by focusing on miR-204. Based on
RNA-seq and FPKM analysis as well as a previous study of
miR-204-5p, we further focused on circKMT2E, which is
derived from the fourth to fifteenth exons of the annotated
KMT2E gene region. circKMT2E was significantly upregu-
lated in diabetic donors without DR and showed a con-
flicting expression pattern to miR-204-5p. Bioinformatics
analysis further revealed that circKMT2E possesses four
seed sequences that can be matched with hsa-miR-204-
5p. Thus, we deduced that circKMT2E, to some extent,
may be a potential controller in the early pathological pro-
cess of diabetic retina and be associated with the miR-204-
5p sponge function. Same as the previous study conducted
by Lv et al. [33] that focused on islet β-cells, our bioinfor-
matics analysis showed that human miR-204-5p can bind
SIRT1.

KMT2E is usually related to neurodevelopmental dis-
eases, such as autism spectrum disorder, mental retardation,
macrosomia, neurodevelopmental disorders, and epilepsy
[34, 35]. Thus, since the retina contains abundant neuronal
quantity and separate neuronal types [36], the circKMT2E
seems to broadly benefit diabetic retina. Besides, miR-204
was also previously described to have various regulatory
functions such as serving as an autophagy- and apoptosis-
related controlling factor in various diseases. Besides, Yan
et al. reported that the ischemia reperfusion injury of the
spinal cord can be protected on the basis of the inhibition
of miR-204, which is possible with the aid of promoting
autophagy and antiapoptosis [37]. Jian et al. disclosed that
miR-204 protected cardiomyocytes by adjusting autophagy
through regulating LC3-II protein during hypoxia reoxy-
genation, and Cheng et al. [38] found that endogenous
miR-204 can protect the kidney against chronic injury in
hypertension and diabetes. That is, miR-204 can present
diverse function for different tissues. In addition, Qi et al.
found that miR-204-5p was presented as considerably aug-
mented in the retina tissue collected from diabetic rats and
further found that miR-204-5p can promote DR develop-
ment [21]. However, Yang et al. found that high glucose
can downregulate miR-204 in ARPE19 cells, which is a

kind of human retinal pigment epithelial cell line [22]. It
seems that miR-204-5p has both a stage- and a tissue-
specific manner.

SIRT1, a constituent of the silent information regulator 2
family, is a Class III histone deacetylase, which interplays
with target proteins, and adjusts many cellular progresses,
for example, cellular apoptosis, proliferation, and inflamma-
tory responses [33, 39]. Generally, Sirt1 is mainly a histone
deacetylase predominately localized in the nucleus, and its
activity relies on cellular NAD availability [39]. Functionally,
SIRT1 could deacetylate a series of histones, for example, H3
and H4, and more than 50 transcription factors and DNA
repair proteins, for example, NF-κB [40]. It is expressed
throughout the retina and is currently deemed as a guardian
of the development of DR. In addition, the associative ability
of miR-204-5p to SIRT1 was confirmed by a previous study
[41]. Thus, in the early stage of diabetic retinal feedback, the
upregulation of circKMT2E may be involved in the patho-
genesis of DM on the basis of activating the SIRT1 signaling
pathway to protect the retina by the sponge function to miR-
204-5p, just as the augment of Sirt1 is also defensive against
diverse ocular diseases such as cataract, retinal degeneration,
as well as optic neuritis [39, 42].

Therefore, this study substantially appended to previous
studies by finding that, in the early stage of diabetic retinal
reaction, circKMT2E can seemingly activate the SIRT1 sig-
naling pathway to defend the retina based on its sponge
function to miR-204-5p. Besides, this study illustrated the
controversial capacity of miR-204-5p in early diabetic retina.
However, this study possesses several limitations. First, the
direct binding abilities of circKMT2E and miR-204-5p were
not substantiated by dual-luciferase reporter assay. Second,
the transfection experiment of the retinal cell was not
included in this study. Third, which factor makes miR-
204-5p lose efficacy and induce DR was not ascertained.
Although our study found that the differentially expressed
circRNAs were involved in the pathologic process of DR
and offered an innovative target for the therapy of DR, the
exact mechanisms need further validation.

5. Conclusion

In the present study, our research team scrutinized the cir-
cRNAs that possess differential expression in the retina from
diabetic donors who did not possess ocular damage or reti-
nal alteration of pathology and preliminarily discussed the
relation between miR-204-5p and related circRNAs during
the early diabetic retina. The upregulation of circKMT2E
in the early stage of diabetic retinal feedback may be
involved in the pathogenesis of DM that activates the SIRT1
signaling pathway to protect retina by the sponge function to
miR-204-5p.

Data Availability

The labeled dataset used to support the findings of this study
are available from the corresponding author upon request.
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Objective. This research is aimed at investigating the relationship between liver fibrosis in viral hepatitis and macrophage colony-
stimulating factor (M-CSF), tissue inhibitor of matrix metalloproteinase (TIMP-1), and ceruloplasmin (CER) in serum level.
Methods. Patients were randomly selected among those admitted to our hospital, and 60 healthy volunteers were chosen to
serve as control participants. The levels of serum M-CSF, CER, and TIMP-1 were compared. According to the severity of their
liver fibrosis, patients with CHB were separated into four groups: S1, S2, S3, and S4. Serum levels of M-CSF, CER, and TIMP-1
were correlated with liver fibrosis and hepatitis markers, and the diagnostic usefulness of the three indices was assessed with
liver cirrhosis patients. Results. Increases in M-CSF and TIMP-1 in the CHB group but decreases in CER were statistically
significant (P < 0:05). Serum levels of M-CSF, CER, TIMP-1, HA, PC-III, C-IV, and LN differed significantly across the four
study groups (P < 0:05). Over time, as liver fibrosis worsened, we observed a progressive uptick in M-CSF, TIMP-1, LN, HA,
C-IV, and PC-III levels and a progressive downtick in CER levels, with significant (P < 0:05) differences between the groups.
There was a significant positive correlation between liver fibrosis and serum M-CSF, PC-III, TIMP-1, HA, LN, and C-IV levels
in the CHB group (P < 0:05) and a significant negative correlation between serum CER and these same factors (P < 0:05). The
AUC of 0.956 for diagnosing the S4 stage was greater than that of 0.857, 0.851, and 0.817 for M-CSF, CER, and TIMP-1,
respectively. Conclusions. In CHB patients, the liver fibrosis degree is associated with the M-CSF, CER, and TIMP-1 levels, and
the combined clinical detection of these three markers has better diagnostic significance.

1. Introduction

The liver is crucial to functioning several vital processes,
including metabolism, immunity, coagulation, and many
more. Long-term infection with the hepatitis B virus
(HBV) is the primary cause of chronic hepatitis B (CHB)
fibrosis, a multisystem chronic liver disease. However,
HBV is not easy to clear, the patient’s liver function inflam-
mation is apparent, and it may progress to liver cirrhosis,
which has become a significant public health problem. Pro-
active and efficient therapeutic approaches will slow the
advancement of liver fibrosis to cirrhosis [1, 2]. Liver biopsy,
an invasive procedure with limited clinical applicability, is

still the gold standard for diagnosing liver fibrosis, and the
biochemical and serological indicators are convenient and
economical, which is a hotspot of current research [3].

Macrophage colony-stimulating factor (M-CSF) is com-
posed of fibroblasts, activated macrophages, endometrial
epithelial secretory cells, bone marrow stromal cells, vitamin
D-activated osteoblasts, and activated vascular endothelial
cells. Hepatic inflammatory responses are partly mediated
by serum M-CSF, which has a role in the pathophysiology
of hepatic fibrosis [4] by attracting and aggregating hepatic
stellate cells. Ceruloplasmin (CER) is primarily metabolized
in the liver. CER is a serum glycoprotein with 6 copper
atoms per molecule, which is mainly synthesized in the liver.
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When liver function is damaged, especially liver failure, the
level of CER in serum often decreases significantly. The pri-
mary function of CER is to combine with serum-free copper
to complete the transport and metabolism process. Abnor-
mal liver function will lead to abnormal serum CER levels,
resulting in a series of cell and organ toxicity after copper
deposition [5]. Excessive accumulation of extracellular
matrix (ECM) in the liver is linked to liver fibrosis, and the
ECM metabolism is related to matrix metal proteases
(MMPs) and tissue inhibitors of metal proteases (TIMPs)
[6]. Studies have shown that only TIMP-1 and TIMP-2 exist
in the liver, while the specificity and sensitivity of TIMP-1
are superior to TIMP-2 in liver fibrosis diagnosis [7]. Studies
have shown that TIMP-1 plays a role in the progression of
liver fibrosis by degrading and transforming epithelial cells
into mesenchymal cells [8]. Based on these findings, this
research is aimed at offering a reference for clinical diagnosis
of liver fibrosis progression by analyzing the blood levels of
M-CSF, CER, and TIMP-1 in HBV-infected CHB patients.
The report is as follows.

2. Materials and Methods

2.1. Research Subjects. From March 2017 to March 2020, a
total of 115 CHB patients admitted to our hospital were
selected. Following were the criteria for inclusion: (1) the
pathological diagnosis of the liver biopsy was based on the
Protocol for Prevention and Treatment of Viral Hepatitis
[9], and the diagnostic criteria were following the Guidelines
for Prevention and Treatment of Chronic Hepatitis B (2019
edition) [10]. (2) Hepatitis B surface antigen test was posi-
tive, and HBV infection history was longer than six months.
(3) There were no contraindications to liver puncture. (5)
Complete clinical data. Exclusion criteria are as follows: (1)
abnormal liver function brought on by autoimmune liver
disease, fatty liver, other viral hepatitis, and alcohol-related
liver disease; (2) accompanied by malignant tumor; (3)
patients with heart, kidney, and other serious diseases; (4)
patients with blood system diseases; (5) patients with a pre-
vious history of liver surgery; (6) pregnant and lactation
women; and (7) patients are taking anti-inflammatory, anti-
fibrotic, immune-regulating drugs before enrollment. Liver
fibrosis was divided into four stages: S1 was mild fibrosis,
with 32 cases; S2 was moderate fibrosis, with 28 cases; S3
was advanced liver fibrosis, with 30 cases; and S4 was liver
cirrhosis, with 25 cases. Sixty healthy volunteers were chosen
as a control group for the same period. The Medical Ethics
Review Board provided its approval for this investigation.

2.2. Observation Indicators. (1) General data collection is as
follows: weight, height, gender, systolic blood pressure
(SBP), diastolic blood pressure (DBP), and age of the CHB
group and the healthy group were collected. The changes
in SBP and DBP of the subjects were measured by a sphyg-
momanometer. Body Mass Index ðBMIÞ = weight/height2
(international unit kg/m2). (2) After enrolling patients,
3mL of fasting venous blood was obtained, and the upper
serum was collected by centrifugation. This allowed us to
measure the serum levels of M-CSF, CER, and TIMP-1.

Enzyme-linked immunoadsorption (ELISA) was used to
measure M-CSF and TIMP-1 in the serum. The kits were
purchased from Rapid Bio Company, USA. The serum
CER level was detected by the immunoturbidimetric
method, and the instrument was an IMMAGE 800 auto-
matic specific protein analysis system produced by Beckman
Company in the United States, and supporting reagents were
used. (3) Comparison of serum liver fibrosis indexes in the
CHB group is as follows: After the patients were enrolled,
3mL of fasting venous blood was taken, and the upper
serum was collected by centrifugation. Enzymatic chemilu-
minescence immunoassay was used to detect type IV colla-
gen (C-IV), laminin (LN) levels, hyaluronic acid (HA), and
type III procollagen (PC-III); the kits were purchased from
Roche Germany.

2.3. Statistical Analysis. For the statistical analysis, we uti-
lized SPSS 20.0. t-test was employed on measurement data
represented as x ± s. The rate (%) was calculated from the
count data, and a χ2 test was performed. The association
between serum levels of M-CSF, CER, and TIMP-1 and
HA, PC-III, C-IV, and LN was analyzed using Pearson’s cor-
relation analysis. Serum M-CSF, CER, and TIMP-1 levels
were analyzed in connection to liver fibrosis severity using
Spearman’s correlation. Using a ROC curve, we compared
the diagnostic accuracy of serum M-CSF, CER, and TIMP-
1 for the S4 stage; a difference at the P < 0:05 was considered
significant.

3. Results

3.1. Comparison of General Data between CHB Group and
Healthy Group. Table 1 shows no statistically significant dif-
ferences between the CHB group and the healthy group con-
cerning gender, age, body mass index, systolic blood
pressure, or diastolic blood pressure (P > 0:05).

3.2. Comparison of Serum M-CSF, CER, and TIMP-1 Levels
between CHB Group and Healthy Group. Table 2 shows that
compared to the healthy controls, the CHB group had signif-
icantly higher serum M-CSF and TIMP-1 levels and signifi-
cantly lower CER levels. These differences were statistically
significant (P < 0:05).

3.3. Comparison of Serum M-CSF, CER, and TIMP-1 Levels
in CHB Patients with Different Degrees of Liver Fibrosis.
The levels of serum M-CSF, CER, and TIMP-1 varied signif-
icantly across the S1, S2, S3, and S4 groups (P < 0:05). As
liver fibrosis progressed, the blood levels of M-CSF, TIMP-
1, and CER changed over time, with statistically significant
variations across all groups (P < 0:05), as indicated in
Table 3.

3.4. Changes in Serological Markers of Liver Fibrosis in CHB
Patients. Serum C-IV, LN, PC-III, and HA levels varied
across the S1, S2, S3, and S4 groups in a statistically signifi-
cant way (P < 0:05). The blood levels of HA, PC-III, C-IV,
and LN steadily increased as liver fibrosis progressed, and
statistically significant differences existed between all groups
(P < 0:05), as shown in Table 4.
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3.5. Correlation of Changes in Serum M-CSF, CER, and
TIMP-1 Levels with Liver Fibrosis, HA, PC-III, C-IV, and
LN. The serum M-CSF and TIMP-1 in the CHB group were
positively connected with hepatitis A, B, C, and IV, liver
fibrosis, and liver nodules severity (P < 0:05), respectively,
as shown in Table 5 and Figures 1–4.

3.6. Analysis of the Diagnostic Value of Serum M-CSF, CER,
and TIMP-1 Levels for the S4 Stage. ROC curve was used for
analysis. The AUC of the three indicators combined to diag-

nose the S4 stage was 0.956, which was higher than the
0.857, 0.851, and 0.817 of using M-CSF, CER, and TIMP-1
for diagnosis alone, respectively, as shown in Figure 5 and
Table 6.

4. Discussion

Liver cirrhosis is the outcome of liver fibrosis, a degenerative
condition familiar to many types of viral hepatitis. A critical
step in the development is the hepatic stellate cell (HSC)

Table 1: Comparison of general data between the two groups.

Group Number of cases Gender (male/female, cases) Age (years) BMI (kg/m2) SBP (mmHg) DBP (mmHg)

CHB group 115 69/46 46:57 ± 7:85 25:43 ± 4:61 127:87 ± 7:49 78:42 ± 6:37
Healthy group 60 31/29 46:32 ± 7:49 24:89 ± 4:97 128:20 ± 8:71 77:80 ± 6:78
t/χ2 1.118 0.203 0.716 0.261 0.598

P 0.290 0.839 0.475 0.794 0.551

Table 2: Comparison of serum M-CSF, CER, and TIMP-1 levels between the CHB group and healthy group.

Group Number of cases M-CSF (pg/mL) CER (g/L) TIMP-1 (μg/L)

CHB group 115 241:83 ± 64:80 0:24 ± 0:08 175:15 ± 37:79
Healthy group 60 140:01 ± 42:28 0:30 ± 0:05 127:01 ± 22:95
t 11.003 5.291 9.030

P <0.001 <0.001 <0.001

Table 3: Comparison of serum M-CSF, CER, and TIMP-1 levels in CHB patients with different degrees of liver fibrosis.

Group Number of cases M-CSF (pg/mL) CER (g/L) TIMP-1 (μg/L)

S1 group 32 181:12 ± 36:82 0:31 ± 0:11 143:68 ± 23:09
S2 group 28 227:26 ± 52:17① 0:25 ± 0:05① 162:02 ± 21:63①
S3 group 30 266:93 ± 43:08①② 0:22 ± 0:04①② 189:41 ± 23:40①②
S4 group 25 305:72 ± 50:14①②③ 0:18 ± 0:02①②③ 213:03 ± 39:57①②③
F 39.443 19.299 35.152

P <0.001 <0.001 <0.001
Note: ① indicated P < 0:05 when compared with the S1 group; ② indicated P < 0:05 when compared with the S2 group, P < 0:05; ③ indicated P < 0:05 when
compared with the S3 group.

Table 4: Changes in serological markers of liver fibrosis in CHB patients.

Group Number of cases HA (ng/mL) PC-III (μg/mL) C-IV (μg/mL) LN (ng/mL)

S1 group 32 77:09 ± 18:27 102:71 ± 23:02 83:73 ± 16:20 94:62 ± 17:43
S2 group 28 172:58 ± 22:54① 121:56 ± 21:64① 111:47 ± 21:82① 135:09 ± 18:72①
S3 group 30 363:26 ± 30:62①② 202:48 ± 31:50①② 172:65 ± 25:41①② 154:66 ± 25:89①②
S4 group 25 562:97 ± 41:75①②③ 252:79 ± 27:16①②③ 207:22 ± 34:75①②③ 225:55 ± 31:34①②③
F 1399.680 216.987 138.553 153.927

P <0.001 <0.001 <0.001 <0.001
Note: ① indicated P < 0:05 when compared with the S1 group; ② indicated P < 0:05 when compared with the S2 group, P < 0:05; ③ when compared to the S3
group, P < 0:05.
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activation. Liver fibrosis develops when activated HSCs
deposit their ECM-laden extracellular matrix into liver tis-
sues, causing a shift in the matrix’s constituent proteins
[11]. Since liver fibrosis is reversible, early detection of the
severity of the condition is crucial to developing an effective
treatment strategy and improving the prognosis [12]. HA,
PC-III, C-IV, and LN are essential indicators of liver fibrosis.

Liver fibrosis is connected with the amount of extracellular
matrix present, and HA is a critical component of the extra-
cellular matrix [13]. LN is a noncollagenous structural glyco-
protein deposited in a large amount in the space of hepatic
sinusoidal endothelial cells during liver fibrosis; C-IV is the
main component of the hepatic interstitial basement mem-
brane and forms the basement membrane along the hepatic

Table 5: Correlation of changes in serum M-CSF, CER, and TIMP-1 levels with the degree of liver fibrosis, HA, PC-III, C-IV, and LN.

Correlative factors
The degree of liver

fibrosis
HA (ng/mL) PC-III (μg/mL) C-IV (μg/mL) LN (ng/mL)

r P r P r P r P r P

M-CSF 0.727 <0.001 0.691 <0.001 0.626 <0.001 0.651 <0.001 0.606 <0.001
CER -0.606 <0.001 -0.515 <0.001 -0.482 <0.001 -0.525 <0.001 -0.479 <0.001
TIMP-1 0.685 <0.001 0.679 <0.001 0.652 <0.001 0.551 <0.001 0.628 <0.001
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Figure 1: Correlation of changes in serum M-CSF, CER, and TIMP-1 levels and liver fibrosis degree.
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Figure 2: Correlation of serum M-CSF levels with HA, LN, C-IV, and PC-III levels.
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sinusoidal wall together with LN. The liver fibrosis degree is
closely related to C-IV and LN [14]. PC-III is mainly
degraded by type III procollagen and released into the blood,
effectively reflecting collagen production levels [15]. In this
study, significant differences were seen between the patients’
S1, S2, S3, and S4 in terms of serum HA, PC-III, C-IV, and
LN levels. Serum levels of HA, PC-III, C-IV, and LN
increased as liver fibrosis progressed, showing that HA,
PC-III, C-IV, and LN levels were connected to the degree
of liver fibrosis in patients. Moreover, this finding has vital
clinical guiding importance.

M-CSF is a cytokine produced by activated macro-
phages, endometrial epithelial secretory cells, osteoblasts,
and other cells. By adhering to its receptors, it can control
the proliferation and differentiation of mononuclear macro-
phage cells, which is crucial for physiological processes such
as bone metabolism, mammary gland development, and
ovarian ovulation; it can also be used as a proinflammatory
cytokine to participate in inflammatory and immune
responses and to participate in the pathological process of
liver fibrosis [16, 17]. In this study, CHB had a greater serum
M-CSF level than the healthy group. Between the S1, S2,
S3, and S4 patient groups, there were considerable changes
in the serum M-CSF levels, and the M-CSF rose dramati-
cally as liver fibrosis progressed. The degree of liver fibro-
sis, HA, PC-III, C-IV, and LN levels were all positively
linked with serum M-CSF levels, indicating a possible con-
nection between the two. ROC curve analysis was used to
determine the AUC of serum M-CSF for the diagnosis of
the S4 stage, and it was determined to be 0.857, indicating
that M-CSF can be used as a serological indicator for clinical
diagnosis of liver cirrhosis. The reasons may be the following
aspects: (1) M-CSF can regulate the expression of chemo-
kines and receptors in monocytes and macrophages so that

the inflammatory response of the liver continues. (2) The
increased expression of M-CSF can regulate the production
of MMP, aggravate the deposition of collagen fibers, and
increase inflammatory cells infiltration in the liver. (3) M-
CSF may prevent NK cells from producing and secreting
antifibrotic factor (interferon), thereby reducing the apopto-
sis of HSC and indirectly promoting the progression of liver
cirrhosis [18, 19].

CER is a single-chain α2 globulin with oxidase, mainly
synthesized and secreted by the liver. When hepatocytes
are immune-damaged by HBV replication in the body, the
synthesis of CER will be reduced [20]. Studies have shown
that [21] individuals with nonalcoholic fatty liver disease
who have the CER gene mutation also have more severe liver
fibrosis. Hyperferritinemia and increased hepatic iron stor-
age have been linked to CER gene mutations in these
patients. In this study, CHB had a lower serum CER level
than the healthy group. Between the patient groups S1, S2,
S3, and S4, the serum CER levels varied significantly, and
the CER decreased significantly with the aggravation of liver
fibrosis degrees. The serum CER levels were negatively cor-
related with C-IV, PC-III, LN liver fibrosis degree, and HA
levels. According to ROC analysis, serum CER may be uti-
lized as a sensitive biomarker for the diagnosis of liver cir-
rhosis, with an AUC of 0.851 for the diagnosis of the S4
stage. Tan et al. [22] have shown that in patients with
CHB, CER levels correlated with the liver fibrosis degree,
which was of great value in diagnosing CHB cirrhosis. Kang
et al. [23] showed that patients with HBV infection have a
negative correlation between CER and liver fibrosis. Signifi-
cant fibrosis, advanced fibrosis, and liver cirrhosis were all
predicted by CER with AUCs of 0.774, 0.812, and 0.853,
respectively, which were similar to the results of this study.

TIMP-1 was firstly isolated from the skeletal muscle of
rabbits. The encoding gene is located in the P11 region of
the X chromosome and is secreted by HSCs. The TIMP
levels were proportional to the number of activated HSCs
[24]. There was a correlation between TIMP-1 levels and
liver fibrosis severity and cirrhosis in patients with CHB
[25]. According to a study by Medeiros et al. [26], patients
with chronic hepatitis C who were treated with direct-
acting antiviral therapy had significantly lower levels of
MMP-9/TIMP-1, suggesting that this complex may be a
valuable biomarker for active fibrosis that can determine
the extent of liver fibrosis in patients following viral clear-
ance. Serum TIMP-1 levels in CHB were greater than those
in the control group. Significant variations in blood TIMP-
1 levels were seen between the S1, S2, S3, and S4 groups of
individuals. In a positive correlation with liver fibrosis, HA,
PC-III, C-IV, and LN severity, TIMP-1 seemed to be linked
to fibrosis progression. The area under the curve (AUC) for
TIMP-1 in the diagnosis of the S4 stage was 0.817, according
to ROC curve analysis, while the AUC of the combination of
the three indicators was 0.956, which were all higher than
the single indicator, suggesting that the combined diagnostic
value of M-CSF, CER, and TIMP-1 was higher than using a
single indicator for prediction. It primarily results from the
fact that TIMP-1 can bind to all MMPs, except for MMP-
14 and MMP-19, which may block the action of MMP-1,
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Figure 5: ROC curve analysis of serum M-CSF, CER, and TIMP-1
levels for the diagnosis of the S4 stage.
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opment of liver fibrosis [27]. Researchers have found that
[28] cucurbitaside protects liver tissue and slows the pro-
gression of liver fibrosis in a mouse model. This protective
effect might be due to cucurbitaside’s ability to inhibit lipid
peroxidation and collagen synthesis by reducing the expres-
sion of Col-I, TIMP-1, TIMP -2 mRNA, and MMP-2 TGF-1
proteins. Of course, this research still has certain shortcom-
ings. This research only includes a small number of patients,
and their inclusion may have been predetermined. An active
investigation on the levels of M-CSF, CER, and TIMP-1 in
CHB patients does not exist simultaneously. The evolution
of these markers after therapy is not looked into. Future
research will combine many locations to increase the num-
ber of samples used, enhancing the depth and precision of
this investigation.

In conclusion, liver fibrosis is associated with M-CSF,
CER, and TIMP-1 levels in CHB patients. The diagnostic
significance of the clinical combination detection of these
three indications is higher, which aids in clinical prevention
and treatment.
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Objective. A case-control study was conducted to determine the effectiveness of laparoscopic surgery and traditional open surgery
on stone clearance, laboratory indexes, and life quality in patients with renal calculi.Methods. During March 2017 to March 2022,
272 patients with complex renal calculi (CRC) cured in our hospital were assigned into control group (n = 136) and research
group (n = 136) arbitrarily. The former accepted traditional open surgery, while the latter accepted laparoscopic surgery. The
operation time, intraoperative blood loss, hospital stay, and time of getting out of bed were compared. The degree of
postoperative incision pain was assessed by visual analogue scale (VAS). The life quality was assessed by the Comprehensive
Assessment Questionnaire-74 (GQOL-74). The indexes of renal function and urine metabolism were measured. Then, the
postoperative stone clearance rate and complications were calculated. Results. Operation time, blood loss intraoperatively, time
out of bed, and hospitalization were all remarkably reduced in the research group, and the difference was statistically
significant (P < 0:05). The complete stone clearance rates in study and control cohorts were 75.73% and 63.24%, respectively.
The VAS scores were lessened after the operation. Compared with the two groups, the VAS scores of the research group
were remarkably lower at 1 to 2 weeks and 1 and 3 months after the operation, and the difference was statistically
significant (P < 0:05). One week after operation, the levels of β 2-microglobulin (β 2-MG), N-acetyl-β-glucosaminidase
(NAG), and renal injury molecule-1 (kidney injury molecule-1, Kim-1) in the research group were remarkably lower. The
levels of urinary β 2-MG, NAG, and KIM-1 in the research group were remarkably lower, and the difference was statistically
significant (P < 0:05). One week after operation, the levels of urinary oxalic acid, uric acid, and urinary calcium lessened
averagely. The levels of urinary oxalic acid, uric acid, and urinary calcium in the research group were lower, and the
difference was statistically significant (P < 0:05). The quality-of-life scores were compared. One week after the operation, the
scores of physical function, psychological function, social function, and material function were all augmented, and the
difference was statistically significant (P < 0:05). The incidence of complications was 9.56% and 2.21%, respectively. The
incidence of complications in the research group was lower, and the difference was statistically significant (P < 0:05).
Conclusion. Laparoscopic surgery is successful when treating CRC, which is superior to invasive surgery in postoperative
complications, stone clearance rate, improvement of postoperative renal function, and life quality. It is one of the ideal
treatment methods for CRC. However, the role of open surgery when treating CRC cannot be ignored. This needs to be
further confirmed by large samples of randomized controlled trials.

1. Introduction

Urinary calculi are a kind of global disease, which is also one
of the most common urological diseases in China. In 1983, it

had risen to 86%, and its new incidence was still rising in
recent years [1, 2].

Among the main causes of renal stone disease is the
abnormal accumulation of crystal substances such as uric
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acid and oxalic acid in the kidney of the patient. When the
accumulation of kidney stones is small, patients can expel
them from the body by drinking a lot of water. However,
patients are usually unable to detect them effectively in the
early stage of the disease. They often wait until the accumu-
lation of kidney stones is too large, and the patients feel
obviously uncomfortable [3, 4]. The main incidence group
of kidney stone is young and middle-aged male [5]. How-
ever, the incidence of kidney stone in male group is much
higher than that in female group [6, 7]. For this kind of
patients, the stones in the body are mainly removed by oper-
ation, while the patients with complex kidney stones are
mostly treated by open surgery.

In recent 30 years, with the clinical application of extra-
corporeal shock wave lithotripsy (ESWL) and percutaneous
nephrolithotripsy (PCNL), great changes have taken place
when treating renal calculi. Surgery has been remarkably
reduced. In spite of this, complex renal stones remain a dif-
ficult challenge. Some literature has reported in the world
have confirmed that these minimally invasive techniques
can still cause varying degrees of renal function damage
and have a very high stone residual rate [8]. Surgical treat-
ment is still needed for those cases whose ESWL treatment
fails but PCNL and ureteroscopy are not suitable for treat-
ment [9]. Based on the above reality, many scholars have
been trying to use laparoscopy to treat upper urinary tract
calculi to replace the traditional open surgery to achieve a
safe, effective, less pain, and rapid recovery of minimally
invasive purpose. Minimally invasive decompressive surgical
techniques have excellent results in preserving renal func-
tion in management of EPN. The presence of risk factors
may not always be associated with high mortality if the
patients are treated aggressively in the initial phase of man-
agement with minimally invasive techniques. Extracorporeal
shock wave is a procedure to break up stones inside the uri-
nary tract, bile ducts, or pancreatic duct with a series of
shock waves generated by a machine. The shock waves enter
the body and are targeted using an X-ray. Surgery has
become the preferred treatment modality for patients with
large renal calculi. The technique provides excellent stone
clearance, but complication rates are higher than those of
minimally invasive techniques, such as ureteroscopy and
shock wave lithotripsy. Surgery is still needed for those cases
whose ESWL treatment fails, but PCNL and ureteroscopy
are not suitable for treatment. Since the 1990s, many
scholars at home and abroad began to try to use laparoscopy
to treat CRC to replace the traditional open surgery to
achieve safe, effective, less pain, and rapid recovery of mini-
mally invasive.

At present, laparoscopic surgery is often used in the clin-
ical treatment of CRC. Although traditional open surgery is
less and less, its therapeutic value cannot be ignored. There
is no conclusion as to whether this kind of patients should
choose traditional open surgery or laparoscopic surgery. At
present, the research on the treatment of complex stones
by traditional open surgery and laparoscopic surgery mainly
would focus on the removal of renal stones and postopera-
tive complications, while neglecting the comparison of
patients’ life quality. This study was conducted to determine

the effectiveness of laparoscopic surgery and traditional
open surgery on stone clearance, laboratory indexes, and life
quality in patients with renal calculi.

2. Patients and Methods

2.1. General Information. During March 2017 to March
2022, 272 patients with CRC cured in our hospital were arbi-
trarily assigned into control group (n = 136) and research
group (n = 136). The former accepted traditional open sur-
gery, while the latter accepted laparoscopic surgery. The
control group consisted of patients with ages ranging from
21 to 69, with an average age of 45:83 ± 4:23 years. The con-
trol cohort included 73 men and 63 women, and the course
of disease ranged from 6 months to 13 years (mean 6:43 ±
1:42) years. Stone distribution was that left 70 cases and
right 66 cases. Stone diameter was 2:79 ± 0:61 cm. Stone
types were staghorn in 44 cases, complete cast in 40 cases,
and incomplete cast in 52 cases. Patients in the research
group ranged in age from 27 to 70 years old with an average
age of 46:21 ± 4:46. There were 75 men and 61 women, and
the course of disease ranged from 7 months to 12 years with
an average of (6:32 ± 1:19) years. 67 stones were located on
the left side, and 69 stones were located on the right side.
The stone diameter is (2:81 ± 0:63 cm). 47 cases were stag-
horn stones, 39 cases were completely calcified stones, and
50 cases were incompletely calcified stones. General patient
data did not show any statistical significance (P > 0:05). This
study was permitted by the Medical Ethics Council of our
hospital, and all patients signed the informed consent form
for the trial.

Diagnostic criteria of CRC: All the selected cases were
diagnosed as CRC by B-ultrasound, CT, intravenous urogra-
phy, and hematuria routine examination. The specific diag-
nostic criteria referred to the guidelines to diagnose and
treat urinary calculi [10].

Selection criteria are as follows: (1) all the patients
were diagnosed with CRC; (2) there were no cognitive,
language, or intellectual impairments, and the patients’
basic reading and writing skills were intact, aged ≥18 years
old; (3) the clinical data, medical history, and examination
records of the patients were perfect; (4) the patients agreed
to receive continuous postoperative follow-up and be able
to accept and answer telephone follow-up; and (5) in accor-
dance with the indication of operation and anesthesia. Anes-
thesia indications were absence of lumbar disease and
systemic infection. Surgical indications are as follows: stone
diameter≥1.0 cm; stone diameter less than 1 cm, but accom-
panied by obvious obstruction, hydronephrosis, renal insuffi-
ciency, infection caused by stone, and could not be controlled
by drugs; and after more than 3 months of conservative treat-
ment, the effect was still not obvious. The above indicators
only needed to meet one item to determine the existence of
surgical indications.

Exclusion criteria are as follows: (1) patients with seri-
ous heart, liver, renal insufficiency, and malignant tumors;
(2) patients with coagulation dysfunction; (3) those who
refused to participate in the test; (4) patients with renal dys-
function and severe hydronephrosis, urethral or ureteral
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malformations, and organic urinary tract obstruction; (5)
patients with basic diseases affecting the operation; (6)
patients with mental diseases; and (7) those who were treated
with anticoagulants for a long time.

2.2. Treatment Methods

2.2.1. Preoperative Preparation. The day before operation,
patients were instructed to undergo general examination,
including blood biochemistry, blood lipids, blood glucose,
blood coagulation, electrocardiogram, chest plain film, and
blood type. Patients over 60 years old were examined by pre-
operative pulmonary function and cardiac color ultrasound,
those with respiratory diseases were examined before opera-
tion, and those with cardiovascular diseases were examined
by cardiac color ultrasound. Before operation, urinary tract
infection was controlled by antibiotics. The day before the
operation, the patients were told to eat a small residue diet
and given a slow bay agent to empty the intestines. Gastric
tube was placed before operation, and gastrointestinal
decompression was performed. Catheter was placed to avoid
bladder expansion.

2.2.2. Treatment Methods. The control group received tradi-
tional invasive surgery. The open lithotripsy was divided
into intrarenal sinus pyelolithotomy and pyelolithotomy.
The intrarenal sinus pyelolithotomy and surgical incision
were made between the 11 intercostals to dissociate the kid-
ney and dissociate along the ureter to the renal hilum until
the renal pelvis was found. The research group was treated
with laparoscopic nephrolithotomy, including laparoscopic
pyelolithotomy, laparoscopic pyelolithotomy, laparoscopic
pyelolithotomy, and laparoscopic partial nephrectomy.

(1) Laparoscopic pyelolithotomy or intrarenal sinus pye-
lolithotomy. Under general anesthesia, all patients were
positioned on their contralateral side with an indwelling
catheter and lying 90 degrees. To establish pneumoperito-
neum, trocar was performed at the umbilical margin or the
lateral margin of the rectus abdominis muscle, the anterior
line of the umbilical axilla, and the costal edge of the middle
line of the clavicle, respectively. The lateral peritoneum and
perirenal fascia were opened. During this procedure, the
inferior pole of the kidney was exposed, and the renal pelvis
and even the renal sinus were separated. After the location of
the stone was found, the renal pelvis was longitudinally cut
or extended to the intrarenal sinus. The renal pelvis incision
was enlarged, and the stone was removed. The renal pelvis
and calyx were washed out, and no stone was flushed out.
The 4-0 absorbable line of Dmur J tube was placed to suture
the renal pelvis incision (the intrarenal pelvis was not
sutured), and the perirenal drainage tube was placed to
end the operation

(2) Laparoscopic pyelolithoplasty and lithotomy. The
operation was performed under general anesthesia, and rou-
tine indwelling catheterization was performed before opera-
tion. The patient took 90° recumbent position on the healthy
side and established pneumoperitoneum. 10-mm and 5-mm
cannula needles of diameter were put at the umbilical mar-
gin, the anterior axillary line, and the midline of the clavicle.

According to the need of the operation, one subcostal inci-
sion of the posterior axillary line was added, and the 5-mm
trocar was placed. The narrow segments of the UPJ were
resected after the kidney, and renal pelvis and ureter were
exposed. The ureter was longitudinally opened to 0.5 cm-
0.8 cm. The dilated renal pelvis was trimmed, and the calculi
in the renal pelvis and calyceal were removed.

The renal pelvis and ureteral incision were closed end-
to-end with interrupted sutures of 5-0 or 4-0 absorbable
thread. The incision was then restored, and the double J tube
with guidewire was put into the peritoneal cavity, the ureter
was inserted downwards, and the guidewire is removed. The
upper end of the double J-tube was fed into the renal pelvis,
and the anterior incision was then interrupted with sutures.
The modified renal pelvis incision was sutured continuously
with 5-0 or 4-0 absorbable thread, the wound was washed,
the perirenal drainage tube was placed, and the operation
was ended.

(3) Laparoscopic partial nephrectomy and lithotomy.
The patient received general anesthesia, routine indwelling
catheterization before operation, and 90-degree healthy lat-
eral position. 10-mm and 5-mm cannulas of diameter were
put at the umbilical margin, the anterior axillary line, and
the midline of the clavicle. If necessary, the 5mm cannula
was used to expose the kidney. In addition, 1 cm-diameter
cannula with a diameter of 1 cm was worn at the posterior
lower part of the endoscopic cannula to place a noninvasive
intestinal forceps that controlled the renal pedicle vessels.
During the operation, the lateral peritoneum and perirenal
fascia were opened. The renal pedicle and the middle and
inferior pole of the kidney were dissociated and exposed to
fully control the renal pedicle and facilitate the removal of
the inferior pole of the kidney and the treatment of the
wound. The specimen bag and suture equipment were pre-
pared. The wound was sutured with 2-0 absorbable line\
“8\” or continuous suture to stop bleeding. When the block-
ing time of renal pedicle reached 25min, the renal pedicle
forceps were opened about 1min~2min (in 2 cases of renal
ischemia 25min, only the forceps were opened once, and
only the forceps were opened without removing the renal
pedicle clamp), and then reclamped to control the renal ped-
icle to continue to deal with the wound. After the wound was
closed, an attempt was made to open the renal infarct non-
invasive bowel clamp. If there was bleeding, suture the
bleeding site with the word “8\” to stop the bleeding. If the
operative field was not clear, the renal pedicle could be
reclamped to control the renal pedicle and then suture to
stop the bleeding. When there was no bleeding in the inci-
sion, the renal pedicle noninvasive intestinal clamp was
removed. The operation was finished by releasing the skin
tube around the kidney.

2.3. Observation Index

2.3.1. Operation Related Index. In addition to intraoperative
blood loss, operating time, postoperative hospital stays, time
spent out of bed, and stone clearance rate, we calculated
postoperative complications. Amount of blood lost intraop-
eratively is the amount of blood lost during the surgery.
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clearance criteria/the total number of cases in this groupÞ ×
100%. Approximately one month after their operations, each
patient was followed up. The number of complications like
urinary fistula, incision infection, bleeding, ureteral injury,
renal function injury, and other complications were statisti-
cally compared. The incidence of complications = ðsum of
all kinds of complications/total number of cases in this group
Þ × 100%. The operation time was the difference between
patients going in and out of the operating room. Postopera-
tive hospital stay referred to the time from the completion of
the operation to the discharge of the patient. The time to get
out of bed referred to the time it takes from the end of the
operation to the first time to get out of bed. The stone clear-
ance rate was recorded and analyzed when the patient was
discharged [11].

2.3.2. VAS Scoring. VAS score was employed to measure the
pain degree before and after operation, and the full score was
10. The specific evaluation criteria were as follows: 0: no
pain; <3: mild pain, bearable; 4-6: pain and affect sleep;
and 7-10: strong pain, unbearable, and affecting life. The
patients were evaluated before treatment, 1 to 2 weeks, and
1 and 3 months after operation.

2.3.3. Renal Function and Urinary Metabolic Index. The sec-
ond 4-7mL of morning urine was obtained before and 1
week after operation. The levels of β 2-MG, NAG, and
Kim-1 were analyzed by enzyme-linked immunosorbent
assay (Elisa) on Beckman BS-460. Urinary metabolic
indexes, including urinary oxalic acid, uric acid, and urinary
calcium, were measured by automatic analyzer.

2.3.4. Life Quality Score. The life quality of the patients was
evaluated with the life technician GQOL-74 [12] before
and 1 week after operation. The scale involved four aspects,
including physical, psychological, social, and material
function.

2.4. Statistical Analysis. IBMSPSS24.0 software was applied
for statistical analysis. The measurement data were
expressed by mean± standard deviation. The counting data
were expressed by frequency or rate. T-test was used when
measurement data obey normal distribution, and rank sum
test was used when it did not obey normal distribution. χ2
test was used to compare the classified counting data.
Repeated measurement data were analyzed by repeated mea-
surement analysis of variance. The main effect test results
were used when there was no interaction, and simple effect
analysis was carried out when there was interaction. P <

0:05 indicated that the difference between groups is statisti-
cally significant.

3. Results

3.1. Surgical Indexes. Operation time, blood loss intraopera-
tively, time out of bed, and hospitalization are all remarkably
reduced in the research group, and the difference is statisti-
cally significant (P < 0:05), as indicated in Table 1.

3.2. Stone Clearance Rate. In the comparison of stone clear-
ance rate, 103 cases were completely removed, 23 cases were
slightly residual, and 10 cases were obvious residual. The
complete stone clearance rate was 75.73% in the research
group. While 86 cases, 37 cases and 13 cases in the control
group were completely removed. The complete stone clear-
ance rate was 63.24%. Compared between groups, the com-
plete stone clearance rate in the research group is higher,
and the difference is statistically significant (P < 0:05), as
indicated in Figure 1.

3.3. VAS Score Comparison. Repeated measures analysis of
variance found that there exhibited a statistically remarkable
difference in the VAS score (P < 0:05). There exhibited
remarkable difference among different time points
(P < 0:05). There exhibited remarkable difference in × time
interaction, and the difference was statistically significant
(P < 0:05). After treatment, the VAS scores were lessened.
VAS scores of the research group are remarkably lower at
1 to 2 weeks and 1 and 3 months after the operation, and
the difference is statistically significant (P < 0:05), as indi-
cated in Table 2.

3.4. The Renal Function Indexes. One week after the opera-
tion, the levels of β 2-MG, NAG, and KIM-1 were lessened.
Compared with the two groups, the levels of which in the
urine of the research group are remarkably lower one week

Table 1: The surgical indexes between the two groups ½�x ± s�.
Grouping N Operation time (min) Intraoperative bleeding volume (mL) Time to get out of bed (d) Hospitalization time (d)

Control group 136 153:38 ± 12:45 253:18 ± 14:22 3:25 ± 0:64 12:46 ± 2:63

Research group 136 121:42 ± 10:53 97:25 ± 10:08 1:67 ± 0:28 7:52 ± 1:17
t value 22.858 104.327 26.376 20.104

P value <0.05 <0.05 <0.05 <0.05

Obvious residual 10 13

23 37

103 86

A little residual

Clear completely

Control group
Research group

Figure 1: Stone clearance rate between the two groups.

4 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

after the operation, and the difference is statistically signifi-
cant (P < 0:05), as indicated in Table 3.

3.5. The Urine Metabolism. One week after operation, the
levels of urinary oxalic acid, uric acid, and urinary calcium
lessened averagely. Compared with the control group, the
levels of urinary oxalic acid, uric acid, and calcium in the
research group are remarkably lower, and the difference is
statistically significant (P < 0:05), as indicated in Table 4.

3.6. The Quality-of-Life Scores between the Two Groups. One
week after the operation, the physical, psychological, func-
tion, and material function scores were augmented. Com-
pared with the two groups, the physical, psychological,
social, and material function scores of the research group
are higher, and the difference is statistically significant
(P < 0:05), as indicated in Table 5.

3.7. The Incidence of Postoperative Complications. In the
control group, there were 5 cases of urinary fistula, 1 case
of incision infection, 3 cases of bleeding, 1 case of ureteral
injury, and 3 cases of renal function injury. The incidence
of complications was 9.56%. In the research group, urinary

fistula, incision infection, and renal function injury occurred
in 1 case, and the incidence rate of postoperative complica-
tions was 2.21%. The incidence of complications in the
research group is lower, and the difference is statistically sig-
nificant (P < 0:05), as indicated in Figure 2.

4. Discussion

The treatment of complex kidney stones is still a difficult
problem at present. PCNL is considered to be the best choice
to treat these stones [13]. However, not all cases are suitable
for PCNL treatment [14, 15]. At the same time, complica-
tions such as massive hemorrhage, severe injury, and intrar-
enal infection after PCNL treatment still limit the
application of PCNL [16]. Nowadays, the pathogenesis of
renal calculi is not fully understood, which may be relevant
to heredity, metabolism, infection, environment, diet, anat-
omy, and drugs. Among them, complex renal stones refer
to stones whose diameter is longer than 2.5 cm, staghorn cal-
culi, multiple stones, and difficult to remove stones due to
abnormal renal function or anatomy [16–18]. Because this
operation is required high experience and skills of

Table 2: The postoperative VAS scores between the two groups [x ̅±s, points].

Grouping N Before treatment
One week after

operation
2 weeks after
operation

One month after
operation

Three months after
operation

Control group 136 6:42 ± 2:17 4:72 ± 1:91 3:14 ± 0:42 1:08 ± 0:14 0:92 ± 0:14

Research group 136 6:33 ± 2:06 3:42 ± 1:23 1:83 ± 0:87 0:89 ± 0:03 0:33 ± 0:06
Intergroup (F/P) 39.662/0.000

Time (F/P) 51.846/0.000

Intergroup × time (F/P) 60.091/0.000

Table 3: The urinary β 2-MG, NAG, and KIM-1 levels between the two groups after operation ½�x ± s�.

Grouping N
β 2-MG (mg/L) NAG (IU/L) KIM-1 (ng)

Before
operation

One week after
operation

Before
operation

One week after
operation

Before
operation

One week after
operation

Control group 136 0:45 ± 0:18 0:36 ± 0:07a 9:06 ± 1:83 7:28 ± 1:63a 91:24 ± 9:53 84:83 ± 8:27a

Research group 136 0:48 ± 0:15 0:21 ± 0:05b 9:22 ± 1:76 5:84 ± 1:66b 90:09 ± 9:41 77:63 ± 7:84b

t value 1.493 20.335 0.735 7.218 1.001 7.368

P value >0.05 <0.05 >0.05 <0.05 >0.05 <0.05
Note: The comparison between the control group before and after operation, aP < 0:05. The comparison of preoperative and postoperative in the research
group, bP < 0:05.

Table 4: The urine metabolism between the two groups ½�x ± s�.

Grouping N
Urinary oxalic acid (mmol/L) Uric acid (mmol/L) Urinary calcium (mmol/L)
Before

operation
One week after

operation
Before

operation
One week after

operation
Before

operation
One week after

operation

Control group 136 5:82 ± 0:38 3:62 ± 0:23 0:71 ± 0:23 0:49 ± 0:01 6:36 ± 1:83 4:19 ± 0:83

Research group 136 5:77 ± 0:35 2:68 ± 0:17 0:78 ± 0:29 0:27 ± 0:03 6:73 ± 1:65 3:06 ± 0:45
t value 0.129 38.328 2.206 81.132 1.751 13.958

P value >0.05 <0.05 >0.05 <0.05 >0.05 <0.05
Note: The comparison between the control group before and after operation, aP < 0:05. The comparison of preoperative and postoperative in the research
group, bP < 0:05.
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laparoscopic surgery, many urologists prefer ESWL, PCNL,
and traditional open surgery to treat CRC [19]. Laparoscopic
surgery, however, is more readily apparent when compared
with traditional open surgery in minimally invasive surgery.

We showed that laparoscopic surgery spent less time,
less blood loss, and faster postoperative recovery than tradi-
tional open surgery, which fully confirmed the safety of lap-
aroscopic surgery in this study. The application of
laparoscopic surgery can also effectively reduce the postop-
erative stone residual rate and improve the stone clearance
rate in patients with CRC, which can prove that the opera-
tion has a remarkable clinical efficacy and safety to treat
CRC. In this study, the VAS scores of patients with laparo-
scopic surgery at 1 to 2 weeks and 1 and 3 months after
operation were lower than those with traditional open sur-
gery. It was mainly because laparoscopic surgery was a min-
imally invasive operation with small incision, less damage to
normal tissue, and lower risk of various complications; the
postoperative recovery was faster; and the pain symptoms
of patients were milder. This study was conducted to deter-
mine the effectiveness of laparoscopic surgery and tradi-
tional open surgery on stone clearance, laboratory indexes,
and life quality in patients with renal calculi.

The common clinical complex renal stones are staghorn
calculi and intrapelvic cast stones [20]. For single branch stag-
horn calculi of extrarenal renal pelvis or complete intrapelvic
cast stones, laparoscopic pyelolithotomy can be performed
successfully. However, for intrarenal pyelolithiasis, staghorn
calculi with multiple branches growing into different calyceal
and multiple calyceal stones with secondary infundibulum
stenosis or calyceal diverticulum, it is much more compli-
cated, and laparoscopic pyelolithotomy alonemay not be suc-
cessful. Currently, intrarenal sinus peotomy or partial renal
parenchyma incision becomes necessary [21, 22].

It was very important for the smooth removal of staghorn
stones, because this approach can make it easier for us to sep-
arate to the funnel part. For staghorn stones with multiple
branches, only the shorter branch of the lower calyx was
delivered out of the renal pelvis, and the longer branch of
the upper calyx was successfully removed. The experience

of Rhudd AR is worth using for reference. In our study, most
laparoscopic pyelolithotomy was performed through laparo-
scopic pyelolithotomy (including intrarenal sinus pyelo-
lithotomy). For laparoscopic pyelolithotomy, good exposure
is the key to successful operation, while transabdominal
approach is easier to expose the kidney and separate renal
pelvis 137, so transabdominal approach is used in our study.
During the operation, the middle and inferior pole of the kid-
ney should be freed as much as possible, and the inferior pole
of the kidney should be raised or gauze padded into the infe-
rior pole of the kidney to expose the kidney. Blunt or sharp
separation can be chosen when separating the renal pelvis,
but it must be noted that the action of separation should be
patient and skillful. Sometimes, due to the serious adhesion
of the surrounding tissue, separation will be very difficult
and easy to bleed, which requires more patience and meticu-
lous, and the selection of electrocoagulation hook separation
will help to separate, especially when separating the renal pel-
vis in the renal sinus. According to the experience of Radfar
MH et al. electrocoagulation hook was selected to separate.
The direction of separation was more precise and accurate,
and small vascular bleeding affecting the visual field of oper-
ation can also be found immediately. Moreover, electrocoag-
ulation can be used to stop bleeding [23]. When cutting and
removing stones, the incision should be above the stones, and
the incision should be large enough to facilitate the removal
of stones, especially upward as far as possible into the renal
sinus. However, it should not go beyond the junction of the
renal pelvis and ureter so that the ureter was not torn during
subsequent examination of the calyces and the removal of the
stone. Loosening and removing stones was also a very patient
and skillful task, especially for more branched staghorn
stones. YanQ et al. introduced that when loosening and peel-
ing off stones [24], we should start from the right side of the
stones [24].

β 2-MG can moderate small molecule globulin, can
reflect the degree of glomerular injury, and has high specific-
ity and sensitivity [25]. KIM-1 was highly expressed in hyp-
oxic renal tissue, and its level was relevant with the degree of
renal tubular injury positively [26]. NAG is a marker of lyso-
somes, which is very abundant in renal tubular epithelial
cells. When the glomerular filtration membrane is damaged,
NAG can enter the urine, causing the level of urinary NAG
to increase. This research showed that compared with tradi-
tional surgical treatment, laparoscopic treatment could
reduce the damage of renal tissue in patients with renal cal-
culi to some extent and protect renal function. The analysis
of the reason was that laparoscopic surgery can decide the
specific location, size, shape, and number of stones on the
premise of avoiding great trauma caused by traditional lapa-
rotomy and remove the stone thoroughly and effectively. At
the same time, ultrasonic knife resection of adhesive tissue
can effectively stop bleeding and further reduce the amount
of bleeding during operation. The laparoscopy has three-
dimensional visual effect, which can enlarge the image. For
larger stones or incarcerated stones, we can choose the
clamp method to remove the stones according to the actual
situation. It is beneficial to the thorough removal of stones
and reduce the occurrence of residual stones. During the

Urinary fistula

Ureteral injury Bleed

Incision infectionRenal function injury

5
5

4
3

3
2
1
0
0 0
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1

Control group
Research group

Figure 2: Comparison of postoperative complications between the
two groups.
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period of renal stone lithotripsy, in order to ensure that the
surgical field is clearly visible, a large amount of water needs
to be irrigated through the working channel. However, the
water perfusion pressure is higher than the physiological
pressure in the renal pelvis, and it is simple to cause urinary
reflux in the renal pelvis and damage renal tissue.

Laparoscopic surgery is difficult to operate, which
requires higher hardware equipment. In addition, the cost
of hospitalization is higher than that of open surgery, which
limits the wide development of laparoscopic surgery. After
the removal of urinary calculi, the urinary tract was unob-
structed, hydronephrosis was gradually relieved, and the life
quality and anxiety were improved. This study was also indi-
cated that laparoscopic surgery was better than traditional
surgery in these three aspects. The reason may be that
long-term surgical posture has an adverse effect on the com-
fort of patients, which may affect the late recovery of patients
[27]. In addition, laparoscopic surgery has fewer complica-
tions than traditional surgery, which is also one of the rea-
sons for the high life quality of patients. Minimally
invasive decompression surgery techniques have been
shown to be effective in preserving renal function in EPN.
The presence of risk factors is not necessarily associated with
high mortality if the patient is treated aggressively with min-
imally invasive techniques in the initial stages of manage-
ment. Extracorporeal shock wave is a procedure in which a
series of shock waves generated by a machine is used to
break up the urinary tract. The shock waves enter the body
and are located using X-rays. The procedure has become
the treatment of choice for patients with large kidney stones.
The technique provides good stone removal but has a higher
complication rate than minimally invasive techniques such
as ureteroscopy and shock wave lithotripsy. This study still
has some shortcomings. Firstly, the quality of this study is
limited due to the small sample size we included in the
study. Secondly, this research is a single-center study, and
our findings are subject to some degree of bias. Therefore,
our results may differ from those of large-scale multicenter
studies from other academic institutes. This research is still
clinically significant, and further in-depth investigations will
be carried out in the future.

To sum up, laparoscopic surgery has a higher application
value in patients with renal stone diseases, with remarkable
advantages such as less trauma, high safety, high stone clear-
ance rate, and protection of renal function, which can
remarkably enhance the postoperative life quality of
patients.
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Introduction. To explore the clinical value of noninvasive prenatal testing (NIPT) in screening the chromosomal abnormalities of
the fetus in the elderly pregnant women. Materials and Methods. Between January 2020 and December 2021, 1949 elderly
pregnant women underwent NIPT in our hospital. At the same time, 236 elderly pregnant women received invasive prenatal
diagnosis, and the pregnancy outcomes were followed-up. Results. When NIPT was used for prenatal screening of fetal
chromosomal aneuploidy, its diagnostic coincidence rate for trisomy 21 was the highest, with a coincidence rate of 90.00%,
and the diagnostic coincidence rate for other chromosomal abnormalities was the lowest, only 22.22%. The sensitivity,
specificity, positive predictive rate, and negative predictive rate for T21 by NIPT were 100%, 99.97%, 94.28%, and 100%; for
T18 were 100%, 99.92%, 72.22%, and 100%, respectively; and for T13 were 100%, 99.95%, 50%, and 100%, respectively.
Patients with high risks according to NIPT results further received invasive prenatal diagnosis, and 18 cases were excluded
from the follow-up. For the remaining 1933 cases in the NIPT group, there was an incidence of 2.28% of adverse pregnancy
outcomes. For the remaining 234 cases in the Amniocentesis group, there was an incidence of 1.28% of adverse pregnancy
outcomes. There was no significant difference between the two groups (P > 0:05). The diagnostic rate of fetal chromosomal
abnormalities in pregnant women under 40 years old was about 0.39-0.79%; however, the risk for people over 40 is relatively
high at 1.32-4.44%. Conclusion. The noninvasive prenatal screening of fetal DNA in the second trimester of pregnancy for
elderly pregnant women has high application value in the prediction of pregnancy outcome. The high risk of pregnancy can be
determined by detecting trisomy 21, 18, and 13 syndromes, and the probability of adverse pregnancy outcome increases.

1. Introduction

With the continuous development and progress of society,
great changes have taken place in people’s ideas. The num-
ber of late marriage and late childbirth groups is increasing.
In addition, the country has fully opened the second and
third child policy, which has led to an increase in the num-
ber of elderly pregnant women in China, showing an upward
trend [1]. The risk of pregnancy and delivery of older preg-
nant women is relatively high. The probability of adverse
pregnancy outcomes is relatively high. Abortion, stillbirth,
and fetal malformation account for a large proportion. For
example, trisomy 21, 18, and 13 syndromes are common
fetal chromosomal abnormalities. The fetus is prone to phys-

ical structure deformity or nerve damage after delivery,
which has a great impact on the newborn family and eco-
nomic burden [2]. Therefore, it is very necessary to do a
good job in the screening of fetal malformations and chro-
mosomal abnormalities in the second trimester of pregnancy
for older pregnant women. It can accurately screen fetal mal-
formations, which is of great significance for the prediction
of adverse pregnancy [3]. At present, the gold standard to
screen fetal chromosomal abnormalities in clinical practice
is invasive prenatal diagnosis, that is, amniocentesis diagno-
sis [4]. However, this diagnostic method is traumatic, and
will increase the probability of abortion in elderly pregnant
women. At the same time, it has the risk of amniotic fluid
infection. The diagnostic application has certain limitations
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[5]. In recent years, many studies have shown [6–8] that
there is a certain amount of free fetal DNA in the periph-
eral blood of pregnant women in the second trimester of
pregnancy, so the noninvasive screening of fetal DNA in
the second trimester of pregnancy was born. Noninvasive
prenatal testing (NIPT) has been reported to have high
sensitivity and specificity for detecting common chromo-
somal aneuploidies (trisomies 21, 18, and 13), with low
false positive and false negative rates [9]. Moreover, clini-
cal experiments have indicated that NIPT has a good
detection effect in both high-risk and low-risk populations
of serological screening, and the detection efficiency is
much higher than that of serological screening [10]. In
some cases, it can replace amniocentesis, and the detection
rate and diagnostic coincidence rate of fetal chromosomal
abnormalities are higher.

In this study, we investigated the clinical value of NIPT
in screening the chromosomal abnormalities of the fetus in
the elderly pregnant women.

2. Materials and Methods

2.1. General Clinical Data. A total of 1949 elderly pregnant
women who received NIPT in our hospital from January
2020 to December 2021 were enrolled in this study. Accord-
ing to the informed consent and NIPT results, 236 elderly
pregnant women directly received amniotic fluid prenatal
diagnosis at the same time, and the pregnancy outcomes
were followed-up. The expected age of the study subjects
was between 35 and 50 years old, and the average age of
pregnant women was 39:48 ± 3:83 years old. The gestational
weeks of NIPT ranged from 12 to 28 weeks, with an average
of 16:18 ± 1:05 weeks.

Inclusion criteria: (1) the elderly pregnant women refer
to the pregnant women whose actual age is ≥35 at the
expected delivery date; (2) all pregnant women included in
the study were required to complete pregnancy outcome fol-
low-up.

Exclusion criteria: (1) pregnant women with previous
history of induced labor or delivery of fetus with abnormal
chromosome, or pregnant women with history of unex-
plained abortion, stillbirth, abnormal fetus, and neonatal
death; (2) pregnant women with definite chromosomal
abnormalities or who have given birth to children with
monogenic genetic diseases or genetic metabolic diseases;
(3) pregnant women who have given birth to children with
congenital heart disease, open spina bifida, anencephaly,
and other abnormalities; (4) having a family genetic history
or having a history of marriage between close relatives
within three generations; (5) pregnant women who had suf-
fered from severe infectious diseases in the early stage of
pregnancy; (6) fetal ultrasound showed multiple soft index
abnormalities; (7) gestational weeks <12 weeks or >22
weeks; (8) pregnant women with malignant tumors; (9)
receiving allogeneic blood transfusion, transplantation sur-
gery, allogeneic cell therapy, and so on within one year;
(10) other conditions that the physician felt significantly
affected the accuracy of the results.

2.2. Methods. For pregnant women who meet the inclusion
and exclusion criteria, amniotic fluid prenatal diagnosis is
recommended when the NIPT indicated the positive results
of chromosomal abnormalities. According to the principle of
statistics, the detection rate of fetal chromosomal aneuploidy
between NIPT and amniocentesis groups was counted.

2.3. NIPT Detection. The pregnant women have signed
informed consent before NIPT testing. 5ml of maternal
peripheral blood samples were selected and temporarily
stored in a refrigerator at 4°C. Samples will be excluded if
hemolyzed or stored for more than 8 hours before plasma
separation. Blood specimens were processed as follows: cen-
trifugation at 4°C, 1600 g for 10min, and plasma was care-
fully collected and distributed into 2.0ml Eppendorf tubes.
The plasma was centrifuged again at 16000 g at 4°C for
another 10min. The upper layer of plasma was carefully
divided into 2.0ml new Eppendorf tubes, each containing
approximately 600ml of plasma, stored in a refrigerator at
-80°C. Repeated freezing and thawing of plasma should be
avoided before the experiment. DNA extraction, library con-
struction, and sequencing were performed using Nucleic
Acid Extraction Kit (BGI, Shenzhen, China) on BGIseq-
500 sequencing platform (BGI). Fetal chromosome aneu-
ploidies (T21, T18, and T13) detection kit (Combinatorial
Probe-Anchor Synthesis Sequencing Method) (BGI) was
used for library construction. Sequencing was performed
using Universal Reaction Kit for Sequencing (Combinatorial
Probe-Anchor Synthesis Sequencing Method) (BGI). Z-
score set the range of -3 and 3 as the threshold to evaluate
the risk of chromosomal aneuploidies. Z = 3 was considered
as the cut-off value, and the sample was classified as high-
risk of chromosomal abnormalities when ∣Z ∣ >3, Z between
-3 and 3 represented the sample was classified as low
risk [11].

2.4. Amniotic Fluid Puncture Test. The amniocentesis proce-
dure was as follows: Pregnant women with indications
should have B-ultrasound first to determine the placenta
position and fetal condition, so as to avoid accidental injury
to the placenta. If there is no B-mode ultrasound, palpation
can be used to find the part of the floating fetal body with
large cystic sex and easy to touch, and the placenta can also
be avoided. After selecting the needle entry point, the skin
was disinfected, disinfection towel was spread, local anesthe-
sia was given, and the waist needle with the needle center
was used to pierce the selected point vertically; when the
needle passed through the abdominal wall and uterine wall,
it was disinfected twice, and the needle core was removed.
2ml of amniotic fluid was aspirated with a 2ml syringe
and discarded. This section of amniotic fluid may contain
maternal cells. Then, 20ml of amniotic fluid was aspirated
with a 20ml empty needle, which was placed in two disinfec-
tion tubes and capped. Take out the needle, cover with ster-
ilized gauze, compress for 2-3 minutes, and the pregnant
woman stayed in bed for 2 hours. The amniotic fluid was
centrifuged for 5-10 minutes, the above clear liquid was used
for biochemical test, and the sediment was used for cell cul-
ture or DNA extraction. Amniotic fluid cells were cultured
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in a 5% carbon dioxide incubator at 37°C. When the results
of NIPT indicated that trisomy 21, 18, and 13 were at high
risk or indicative of abnormal chromosome number, G-
banding chromosome karyotype analysis + chromosome
microarray analysis (CMA) were performed in amniotic
fluid cell culture; If NIPT results suspect that there may be
other chromosomal abnormalities or gene level microdele-
tions and microduplications, amniotic fluid cell culture G-
banding chromosome karyotype analysis + gene chip detec-
tion shall be given to make a definite diagnosis.

2.5. Follow-Up. The pregnancy outcomes of all pregnant
women were followed-up, except those with abnormal
results in prenatal diagnosis and induced labor including
outpatient, telephone, and Internet follow-ups.

Follow-up contents: (1) Pregnant women who have low-
risk NIPT results or who refuse to undergo prenatal diagno-
sis despite high-risk NIPT results should follow-up, whether
there are structural or soft index abnormalities in B-
ultrasound results after NIPT. (2) Whether peripheral blood
chromosome examination is performed after delivery, or
whether induced labor tissue microarray is performed for
induced labor. (3) Whether the appearance of induced labor
fetus or newborn is normal. (4) Whether the weight of the
newborn is normal. (5) At the same time, it is judged accord-
ing to whether the newborn’s appearance and physical and
intellectual development are abnormal. The follow-up was
completed in 2-6 months after termination of pregnancy.

2.6. Statistical Analysis. SPSS (version 22.0) software was
used for statistical processing of all data in this study. The
sensitivity, specificity, and positive predictive rate of NIPT
were evaluated. The coincidence between the chromosome
aneuploidy in NIPT and prenatal diagnosis of amniotic fluid
was compared. Chi-square test was used to analyze data con-
forming to normal distribution. The difference was statisti-
cally significant when P < 0:05.

3. Results

3.1. Test Results of Each Group. A total of 1949 subjects were
included in the study. The number of positive women who
underwent NIPT test was 42, and the positive rate was
2.15%. Further amniotic fluid puncture test identified 10
cases of T21, 4 cases of T18, 0 case of T13, 7 cases of sex
chromosome aneuploidy, 9 cases of other chromosome
aneuploidy, and 12 cases of chromosome copy number var-
iation. In the amniocentesis group, 236 cases of elderly preg-
nant women directly received amniotic fluid puncture test.
The results confirmed 9 cases of T21, 1 case of T18, 3 cases
of sex chromosome abnormality, 2 cases of other chromo-
some aneuploidy, and 3 cases of chromosome copy number
variation. The positive cases were 18, and the positive rate
was 0.92%. When NIPT was used for prenatal screening of
fetal chromosomal aneuploidy, its diagnostic coincidence
rate for trisomy 21 was the highest (90.00%), and the diag-
nostic coincidence rate for other chromosomal aneuploidy
was the lowest (22.22%), as shown in Table 1.

3.2. Invasive Diagnosis Results for CNV. Among the 236
cases that received amniotic fluid puncture test, the results
indicated that there was 1 pathogenic case and 1 likely path-
ogenic case, as shown in Table 2.

3.3. Pregnancy Outcome Follow-Up. According to the prena-
tal diagnosis results, 16 pregnant women in the NIPT group
and 2 pregnant women in the amniocentesis group chose to
induce labor, and these participants were excluded from our
follow-up. For the remaining 1933 cases in the NIPT group,
the follow-up results showed that there were 35 abortions, 3
stillbirth, and 6 fetal malformations, a total of 44 adverse
pregnancy outcomes with an incidence of 2.28%. For the
remaining 234 cases in the amniocentesis group, there were
2 abortions, 0 stillbirth, and 1 fetal malformations with
1.28% adverse pregnancy outcomes. There was no signifi-
cant difference between the two groups, P > 0:05, as shown
in Table 3.

3.4. Screening Efficiency of NIPT for Common Fetal
Chromosomal Aneuploidy and Other Chromosomal
Abnormalities. The sensitivity, specificity, positive predictive
rate, and negative predictive rate of trisomy 21 screened by
NIPT were 100%, 99.97%, 94.28%, and 100%, respectively.
The sensitivity, specificity, positive predictive rate, and neg-
ative predictive rate of trisomy 18 were 100%, 99.92%,
72.22%, and 100%, respectively, and the sensitivity, specific-
ity, positive predictive rate, and negative predictive rate of
trisomy 13 were 100%, 99.95%, 50%, and 100%, respectively,
as shown in Table 4.

3.5. Relationship between Maternal Age and Fetal
Chromosome Abnormality. A total of 1949 elderly pregnan-
cies were included in this study and underwent NIPT.
Among them, 42 cases received amniotic fluid prenatal diag-
nosis after NIPT test was positive, and 236 cases directly
received invasive prenatal diagnosis. The results of fetal
chromosomal abnormalities are listed in the following table
according to the age of pregnant women, and the true posi-
tive rate of fetal chromosomal aneuploidy at all ages is calcu-
lated, as shown in Table 5. The diagnostic rate of fetal
chromosomal abnormalities in pregnant women under 40
years old was about 0.39-0.79%; however, the risk for people
over 40 is relatively high at 1.32-4.44%.

4. Discussion

Birth defects are one of the common diseases of newborns in
China, and chromosomal abnormalities are one of the
important causes of birth defects [12]. Among them, autoso-
mal abnormalities can be manifested in different degrees of
mental retardation, growth retardation, appearance, and
organ deformity, and sex chromosome abnormalities can
be manifested in gonadal hypoplasia, hermaphroditism,
etc. At present, there is no effective treatment for these chro-
mosomal abnormalities. We can only try to avoid the birth
of such children through secondary prevention, especially
children with trisomy 21 syndrome.

NIPT is a new noninvasive detection method. It uses a
new generation of high-throughput sequencing technology
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to sequence fetal free DNA fragments in maternal peripheral
blood, and then judge whether the fetus has abnormal chro-
mosome aneuploidy. Ben et al. and Smid et al. had con-
firmed that cell-free fetal DNA (cffDNA) existed in the
peripheral blood of pregnant women, and its metabolic law
met the requirements of prenatal screening [13, 14], but
the technology at that time could not achieve high-
throughput detection. With the rapid development of high-
throughput detection technology, NIPT was gradually used

in clinical detection [15, 16]. At present, the superiority of
NIPT technology has been widely recognized at home and
abroad. Many clinical pilots have conducted large-scale data
research on NIPT and found that the positive predictive
value of NIPT for T21 is as high as 80~89%, and the positive
predictive value of T18 is also greater than 60%, both of
which are significantly higher than the positive predictive
value of routine serological screening (T21 is 3.4%~4.2%,
T18 is 8.3%). Moreover, the missed screening rates of T21

Table 1: Test results of each group.

Groups T21 T18 T13
Sex chromosome

aneuploidy
Other chromosome

aneuploidy
Chromosome copy number

variation
Total
cases

Positive rate
(%)

NIPT group 10 4 0 7 9 12 42 2.15%

Amniocentesis
group

9 1 0 3 2 3 18 0.92%

Coincidence
rate (%)

90.00 25.00 — 42.86 22.22 25 42.86 42.8%

Table 2: Invasive diagnosis results for CNV.

Maternal age Gestational age NPIT site Invasive diagnosis Pathogenesity

38 16 del 16p13.11-p12.3b del 16p13.12-p12.3b Pathogenic

42 17 Dup 22q11.21 Dup 22q11.21 Likely pathogenic

Table 3: Follow-up of pregnancy outcomes in patients with different risks.

Groups N Abortion Stillbirth Fetal malformation Incidence of defects

NIPT group 1933 35 3 6 2.28%

Amniocentesis group 234 2 0 1 1.28%

χ2 0.9724

P 0.3241

Table 4: Efficiency of NIPT in screening common fetal chromosomal aneuploidy and other chromosomal abnormalities.

Sensitivity Specificity Positive predictive value Negative predictive value

21-trisomy syndrome 100% 99.97% 94.28% 100%

18-trisomy syndrome 100% 99.92% 72.22% 100%

13-trisomy syndrome 100% 99.95% 50.00% 100%

Table 5: Analysis of chromosome screening in pregnant women of different age groups.

Age (years) 35 36 37 38 39 40 41 42 43 ≧44 Total
N 782 257 262 183 126 98 76 68 52 45 1949

Diagnosis of chromosome abnormality

T21 2 1 0 1 1 1 1 1 0 1 9

T18 0 0 1 0 0 0 0 0 0 0 1

T13 0 0 0 0 0 0 0 0 0 0 0

Sex chromosome abnormality 1 0 0 0 0 1 0 0 1 0 3

Other exceptions 1 0 1 0 0 0 0 1 1 1 5

Total 4 1 2 1 1 2 1 2 2 2 18

True positive rate (%) 0.51 0.39 0.76 0.54 0.79 2.04 1.32 2.94 3.85 4.44 0.92
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and T18 detected by NIPT were 0.3% and 0.2%, respectively,
which were significantly lower than those of serological
screening (3.6%~5.2% for T21 and 0.6% for T18) [17]. It
can be seen that NIPT has absolute advantages over the tra-
ditional serological prenatal screening in the screening of
T21 and T18. In addition, it has the characteristics of nonin-
vasive operation, which effectively solves some problems
existing in interventional prenatal diagnosis, and even in
some aspects, it can replace prenatal diagnosis. It has been
widely concerned by all walks of life and has gradually
become a research hotspot [18].

Prenatal examination and prenatal diagnosis are the
main measures used to eliminate fetal deformities and pre-
vent birth defects. The traditional serological screening is
mainly aimed at the common chromosomal diseases of the
fetus (T21, T18). Although early screening can be carried
out, the detection rate is low and the false positive rate is
high. Even if the prenatal screening results of pregnant
women are high-risk, there is only a 5% chance that the fetus
can be diagnosed with chromosomal diseases [19]. The high
risk of screening results will increase the mental and psycho-
logical burden of pregnant women and their families to a
certain extent, and the low-positive detection rate makes
many people feel lucky and give up prenatal diagnosis,
which leads to the loss of the original significance of prenatal
screening and the birth of children. In fact, this kind of miss-
ing screen occurs almost every year, causing lifelong regret.
Conventional prenatal diagnosis methods (such as chorionic
puncture, amniocentesis, amniotic fluid, umbilical vein
puncture) require uterine puncture of pregnant women,
which is traumatic and has the risk of fetal loss and infec-
tion. As a result, a considerable number of pregnant women
are afraid of this method, so their compliance is reduced. In
addition, whether the soft index of systematic ultrasound is
abnormal or not, is often used to evaluate the risk that the
fetus may be associated with chromosomal diseases [20].
However, due to the nonspecificity of these soft indices, their
sensitivity is not high. Limited by this, ultrasound doctors
must have many years of experience in prenatal diagnosis
before they can find these abnormalities. However, there
are certain differences in the current medical level in China,
which limits its application to a certain extent [21].

The existing norms of prenatal screening and prenatal
diagnosis in China require that pregnant women with sero-
logical screening results at critical risk can undergo NIPT,
while older pregnant women with high-risk results or
expected childbirth age ≥35 years old are still recommended
to choose interventional prenatal diagnosis as the first choice
[22]. However, with the continuous deterioration of the liv-
ing environment and the increasing number of planned
pregnancies, especially older pregnancies, after the liberali-
zation of the two child policy, the proportion of high-risk
and older pregnant women has doubled. However, the poor
compliance caused by the fear of trauma of prenatal diagno-
sis among pregnant women and the shortage of medical
resources have brought enormous pressure to prenatal diag-
nosis [23]. Therefore, this study intended to actively find a
more optimized screening program in order to reduce the
missed screening rate, reduce the number of cases requiring

interventional prenatal diagnosis, and achieve the purpose of
reducing the operation risk as much as possible.

In this study, 1949 pregnant women with high risk of
prenatal screening or advanced age (NIPT group) required
NIPT first. The results of NIPT showed high risk in 42 cases
which received further invasive prenatal diagnosis, the
results of NIPT were low-risk in 1907 cases, and no missed
screening was found at present according to the pregnancy
outcome. At the same time, 236 pregnant women received
invasive prenatal diagnosis for further confirmation.

The elderly pregnant women included in the study first
had NIPT, and then had further prenatal diagnosis when
NIPT results were at high risk. Compared with the elderly
pregnant women who had direct interventional prenatal
diagnosis, there was a coincidence rate of 42.8% in fetal
chromosomal abnormalities between the two methods. Sim-
ilarly, according to Table 2, there was no significant differ-
ence between NPT test results and invasive test results of
copy number variants (CNVs). CNVs are ubiquitous in the
human genome, and CNVs-related diseases, including
Digeorge syndrome (22Q11), CRIP-Du-Chat syndrome
(5P-), and 1P36 deletion syndrome, have been documented
[24]. Moreover, there is increasing evidence that CNV is
associated with adverse pregnancy outcomes [25]. In our
study, there is no significant difference in the detection rate
of fetal chromosomal abnormalities between the screening
of high-risk pregnant women and the direct interventional
prenatal diagnosis. Therefore, we infer that if some elderly
pregnant women refuse to directly carry out interventional
prenatal diagnosis, they can be asked to choose NIPT first.
If NIPT results are high-risk, then carry out interventional
prenatal diagnosis, which should be equivalent to the detec-
tion rate of direct interventional prenatal diagnosis. At least,
the probability of missing fetal chromosomal aneuploidy is
very small. This approach can reduce a large part of the
operation risk and also provide an alternative and relatively
reliable way for pregnant women with surgical contraindica-
tions. Relieve the mental pressure of pregnant women and
their families, improve compliance, reduce the risk of sur-
gery, and reduce the work intensity of prenatal diagnosis
practitioners. At present, the cost of NIPT is relatively high,
which hinders its further promotion in clinical practice. Of
course, as the government pays more attention to this cause
and the cost of high-throughput sequencing is further
reduced, this problem is expected to be solved. The wide
application of NIPT is just around the corner. In addition,
according to the data in Table 5, the diagnostic rate of fetal
chromosomal abnormalities in pregnant women under the
age of 40 was lower than 1%; however, the risk for people
over 40 was relatively high, could be up to 4.44%. In order
to prevent missed screening and reduce the chance of punc-
ture surgery, different prenatal screening and prenatal diag-
nosis schemes can be adopted for elderly pregnant women in
stages.

It should be noted that during the follow-up, a very small
number of pregnant women were informed of the high risk
of NIPT and directly terminated their pregnancy without
further prenatal diagnosis. Therefore, normal fetuses may
be abandoned. This should be related to the pregnant
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women’s insufficient understanding of the false positive of
NIPT, leading to the wrong choice. In fact, at present, the
diagnostic coincidence rate of NIPT for T21was the highest
(90.00%), which was significantly higher than that of other
groups (see Table 1). Therefore, NIPT can only be used as
a high-precision screening and cannot replace prenatal diag-
nosis to detect all chromosomal abnormalities. There are still
false positives. To the best of our knowledge, NIPT is a non-
invasive prenatal screening technique for fetal aneuploidies.
NIPS is based on high-throughput sequencing to detect
cffDNA in maternal blood [26]. Therefore, the most likely
reason for false positives is that fetal and fetal cffDNA
accounts for insufficient proportion of total cffDNA. There-
fore, pregnant women with positive NIPT results must
undergo interventional prenatal diagnosis to determine
whether the fetus has chromosome or gene-level abnormal-
ities. With our in-depth study of NIPT, we hope that more
pregnant women can correctly understand the relationship
between NIPT and interventional prenatal diagnosis and
make correct and scientific choices. This can also promote
the benign and sustainable development of NIPT.

There are some shortcomings of this study. Firstly, there
were some undiagnosed cases in the high-risk groups tested
by NIPT. Moreover, because of the low incidence of trisomy
18 and trisomy 13, age-stratified studies could not be per-
formed as in trisomy 21. Therefore, more studies with larger
sample sizes are expected to be carried out in the future to
provide more data support for optimizing prenatal screening
and diagnosis strategies for elderly pregnant women.

In conclusion, the noninvasive prenatal screening of fetal
DNA in the second trimester of pregnancy for older preg-
nant women has a high application value in the prediction
of pregnancy outcomes. The high risk of pregnancy can be
determined by detecting trisomy 21, 18, and 13, and the
probability of adverse pregnancy outcomes increases. There-
fore, noninvasive prenatal screening of fetal DNA in the sec-
ond trimester of pregnancy should be popularized in clinical
practice, so as to reduce the probability of adverse pregnancy
outcomes in older pregnant women.
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Based on the perspective of psychological capital, the mental health status of applied college graduates is analyzed, and the
corresponding countermeasures are put forward. Questionnaires are issued to investigate the mental health status of fresh
graduates. The BSSI score of male students (102:05 ± 2:01) is not significantly different from that of female students (P > 0:05).
SCL-90 scores of male students include somatization (1:95 ± 0:01), compulsion (1:84 ± 0:15), interpersonal relationship
(1:75 ± 0:14), depression (1:92 ± 0:08), anxiety (1:70 ± 0:10), hostility (7:25 ± 0:16), terror (1:35 ± 0:41), bigotry (1:29 ± 0:17),
and psychosis (1:33 ± 0:64). There is no significant difference compared with those of female students (P > 0:05). SCL-90
scores of high stress graduates include somatization (2:00 ± 0:17), compulsion (2:30 ± 0:08), interpersonal relationship
(1:61 ± 0:20), depression (1:87 ± 0:09), anxiety (1:80 ± 0:11), hostility (1:30 ± 0:20), terror (1:39 ± 0:14), paranoid (1:48 ± 0:10),
and psychosis (1:50 ± 0:11). There is significant difference between forced and low pressure graduates (P < 0:05). There is no
statistical significance in other items (P > 0:05). Colleges and universities need to work together with fresh graduates to deal
with negative emotions and stress, so as to improve mental health and promote employment.

1. Introduction

The experts led by Luthans and others believed that psycho-
logical capital was “a positive psychological state displayed
by individuals in the process of growth and development,
specifically manifested as self-efficacy, optimism, hope and
resilience.” Psychological capital referred to in the research
includes the following four dimensions.

Self-efficacy (Figure 1) refers to people’s belief that they
can complete a certain task or work behavior [1]. It involves
not the skill itself, but the degree of confidence that one can
use the skill to complete the behavior [2]. Self-efficacy is an
individual’s degree of self-determination and trust. It is a
kind of belief. A person’s self-efficacy is not related to his
actual ability or skill but has a great influence on his behav-
ior. People with a strong sense of self-efficacy are confident
in dealing with problems when facing adverse situations.

They are willing to accept challenges and make efforts in a
strange and changing environment. They believe that they
can change difficulties and are more likely to achieve goals.
However, people with low self-efficacy lack confidence in
themselves. They are more likely to retreat, be anxious, and
be restless when facing pressure and difficulties and are
prone to have escape psychology and avoidance behaviors,
which are not conducive to achieving goals [3, 4].

Professor Selingman, an American psychologist, used
attributive styles to distinguish optimism from pessimism
[5]. In his opinion, optimism refers to that individuals make
their own, lasting, and universal attributions to positive
events while making external, temporary, and specific attri-
butions related to the situation to negative events when
interpreting the events that have occurred. In the face of dif-
ficulties, setbacks, and failures, optimistic people can regard
misfortune or change as an opportunity and challenge. They
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can face with a positive attitude and see the potential of all
kinds of opportunities. In the pursuit of difficult goals, opti-
mistic people can persevere unremittingly. They have posi-
tive expectations for the future and keep making efforts,
with a belief that they will eventually achieve success.

Kim, S. H. defined hope as a positive motivational state
formed on the basis of the experience generated by the inter-
action between the motivation for success (the energy of tar-
geted feedback) and the path (plan to achieve the goal). Hope
is a positive state of individual motivation. A person who is
hopeful about the future sets challenging goals based on the
realities of himself and his environment and finds ways to
achieve his personal goals through perseverance. Hopeful
people take the initiative to set goals in life and try to solve
problems effectively [6]. They have the ability of independent
thinking and will achieve their goals through active rather
than passive waiting and gradually achieve their goals
through their own positive attitude, unremitting efforts, and
various methods. The targeted feedback is shown in Figure 2.

Resilience refers to an individual’s ability to persevere,
maintain confidence, quickly recover from happiness, and
find ways to achieve success when faced with difficulties or
adversity. It is an important factor for an individual to over-
come hardship, walk out of adversity, andmarch towards suc-
cess. It is also known as resilience and mental resilience.
People with high resilience can actively deal with difficult
problems when they are in trouble, make themselves stronger
andmore flexible in failure and adversity, and quickly recover
their psychological state and even reach a better state. In chal-
lenging positive events, individuals with high resilience can
develop their potential abilities with extraordinary willpower
to help individuals eventually get out of difficulties [7].

2. Literature Review

2.1. Psychological Capital. Improving psychological capital is
beneficial to the career development of college students. Col-

lege students are facing the transformation from students to
social and professional people and facing a series of conflicts
and contradictions from the society, family, and their own
growth. Whether they can grow up healthily, the play of many
abilities is affected by psychological capital. College students
who have a strong sense of self-efficacy are strong, optimistic,
and full of hope for the future and are better able to adapt to
the society and the workplace [8]. On the contrary, it is prone
to psychological problems and occupational maladjustment,
which may lead to insurmountable obstacles and even a
vicious circle in the future personal career development. If col-
lege students can have more psychological capital, possess
optimistic and confident psychological quality, and be full of
hope for the future, they can deal with various problems better
in life. In this way, in the development of his or her career
(Figure 3), he or she can “respond to all changes with the same
changes,” which will benefit him or her immensely [9].

Accumulating psychological capital is beneficial to cultivat-
ing innovative and entrepreneurial talents. In August 2012, the
General Office of theMinistry of Education issued a document
requiring entrepreneurship courses to be offered in regular col-
leges and universities across the country. Themove is intended
to promote the all-round development of college students and
speed up the process of building China into a power of human
resources. At present, China’s entrepreneurship education is in
its infancy, and many college students lack confidence, correct
self-recognition, practical experience, and ability to solve prac-
tical problems. They are full of hope and confused about the
future. In study and life, there is a lack of real role models and
realistic goals to strive for. It is difficult to carry out innovation
and entrepreneurship education in such student groups.
Because of this, it is particularly important to develop the psy-
chological capital of college students, and it is extremely urgent
to carry out entrepreneurship education in colleges anduniver-
sities. On the one hand, entrepreneurship education can
awaken and excavate the psychological capital of college stu-
dents. On the other hand, psychological capital of college stu-
dents can be accumulated and improved (Figure 4) [10, 11].

Increasing psychological capital is helpful to improve the
employability of college students. The rise of psychological
capital theory provides a new perspective for improving
the job-hunting competitiveness of college students [12].
With abundant psychological capital, college students are
more likely to succeed in their first employment and become
more comfortable in their future career development. Many
college students cannot find a job because of their poor abil-
ity and low quality, and employability cannot meet the
requirements of employers. Ability and personality become
the focus of employers’ investigation. Employers want appli-
cants to have self-management ability, unity and coopera-
tion ability, interpersonal communication ability, initiative
learning ability, and creative problem-solving ability.
Employers prefer candidates with positive attitude, confi-
dence and thirst for knowledge, honest words and actions,
and ability to work under pressure (Figure 5) [13]. The
self-introduction, leaderless group discussion, psychological
test, and other links in the process of interview and written
examination all examine the ability and personality of col-
lege students from different angles.
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Figure 1: Self-efficacy.
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Paying attention to psychological capital is beneficial to
realize its synergistic effect with human capital and social
capital. In recent years, the joint effect of human capital,
social capital, and psychological capital on college students’
job hunting and personal career has attracted the attention
of human resource managers in universities, college stu-
dents, and enterprises. Human capital includes individual
education, certificates, training experience, and knowledge
experience. Social capital refers to the network of social rela-
tionships in which an individual is a member and can utilize

Observed behavior
The target

Targeted feedback

Practice

Further guidance

Shape

Guidance Help us
evaluate

Requirements Which leads to the

Figure 2: Targeted feedback.
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analysis Target setting Route selection Policy guarantee Information
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Figure 3: Career planning.
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Figure 4: Causes of low psychological capital of college students.
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them. Psychological capital includes positive psychological
qualities such as self-confidence, optimism, resilience, and
hope. Three-dimensional capital is indispensable in the
development of individual career. These three aspects trans-
form and influence each other and finally make individuals
obtain a perfect career. Some college students devote them-
selves to study only for scholarships and certificates, hardly
taking part in any extracurricular activities. Some university
student cadre, because of the work reason and organizing all
kinds of activities, often play truant and fail frequently. Some
college students are mediocre in academic performance and
have no self-established social relationship network
(Figure 6). They do not know how to turn to others for help
when they encounter problems [14, 15].

2.2. Mental Health of College Students. Mental health is very
important for a person. It means that a person’s physiology,
psychology, and society are in a harmonious state with each
other. Its characteristics are as follows.

Normal intelligence (Figure 7): this is the most basic psy-
chological condition for people’s life, study, work, and
labor [16].

Emotional stability and happiness: this is an important
sign of mental health. It shows that a person’s central nervous
system is in relative balance, meaning that the body functions
in harmony. A mentally healthy person’s behavior is coordi-
nated, his behavior is controlled by consciousness, his

thought and behavior are coordinated, and he has the ability
to control himself. If a person’s behavior and thought contra-
dict each other, his attention is not focused, his thoughts are
confused, his language is fragmented, and his work is chaotic.
Psychological adjustment should be carried out.

Good interpersonal relationship (Figure 8): living in
society, one should be good at getting along with others, help
others, and establish good interpersonal relationship. Peo-
ple’s communication activities can reflect people’s mental
health state. Normal friendly communication between peo-
ple is not only a necessary condition to maintain mental
health but also an important method to obtain mental
health [17].

Good adaptability: living in a complicated and change-
able world, people will encounter a variety of environments
and changes in their life. Therefore, a person should have
good adaptability. No matter realistic how the environment
has changed, one will be able to get used to the mental
health. A person’s mental health is not necessarily in every
aspect of performance. As long as in life practice, he can cor-
rectly understand himself.

Sound will: will is a psychological process of choosing,
deciding, and performing a purposeful activity. The one with
sound will shows a higher level in the action of the con-
sciousness, decisiveness, tenacity and self-control, and other
aspects. Students with sound will have a conscious purpose
in all kinds of activities. They can make timely decisions

Media agenda Public agenda

Figure 6: Social network.
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Figure 7: Intelligence of college students.
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and use a practical and prepared way to solve the problems
encountered. In the face of difficulties and setbacks, they
can take a reasonable way of reaction and can control emo-
tions in action and words and deeds.

Complete personality (Figure 9) [18, 19]: personality
refers to the sum total of the individual’s relatively stable
psychological characteristics. Perfect personality refers to a
sound and unified personality, that is, what an individual
thinks, says, and does is coordinated and consistent. One is
the integrity and unity of all elements of personality struc-
ture, such as having correct self-consciousness, not produc-
ing self-identity mix, taking positive and enterprising
outlook on life as the core of personality, and taking this as
the center of their own, needs, goals, and actions together.

Correct self-evaluation: correct self-evaluation is the
important condition of college students’ mental health. Col-
lege students perform self-observation, self-recognition, self-
judgment, and self-assessment, so as to achieve self-
knowledge and appropriately know themselves. They can
accept themselves, with self-esteem, self-improvement, self-
control, andmoderate self-love. They can face up to the reality.
With the reform of the cultural system and the proposal of the
national slogan of “education for all,” the number of new col-
lege students in our country is increasing.With the increasing
number of college students, themental health problems of col-
lege students are becoming more and more serious.

2.3. Psychology of Fresh Graduates. With the reform of
China’s economic structure and system, the problem of dif-
ficult employment of college students has become more
prominent, and the psychological problems of college stu-
dents have aroused widespread social concern. Since the
expansion of college entrance examination in 1999
(Figure 10), college education has turned from elite educa-
tion to mass education, with the enrollment growth rate of
ordinary colleges and universities reaching 42%, the average
annual growth rate of college enrollment reaching 30%, and
the enrollment rate exceeding 60% [20].

College students are no longer popular. Employment
pressure and emotional problems have become the main
psychological problems of fresh graduates. On the one hand,

colleges and universities need to take various measures to
promote employment and, at the same time, need to carry
out employment psychological counseling through multiple
channels. Anxiety is the basic emotion developed by college
students in the process of struggling with the changing situ-
ation and adapting to the survival. Moderate anxiety can
fully mobilize the function of each organ and improve the
reaction speed and alertness of individual brain. According
to the survey, anxiety is the main psychological problem of
fresh college students, who are worried about the changing
environment and the transformation of social roles. Main-
taining a moderate level of anxiety can create stress. Anxiety
is a normal psychological reaction. This moderate psycho-
logical pressure, to some extent, is to urge themselves, which
can stimulate college students’ enterprising spirit, so as to
participate in the employment competition more actively.
It manifests itself as being self-motivated and enterprising.
With graduation time is coming, the vast majority of stu-
dents are anxious. They should learn to talk. Talking out is
an important method in psychological counseling. If you feel
anxious during the employment process, please try to talk to
your classmates, friends, and family, and seek the help of a
professional psychologist. For the college graduates’ psycho-
logical counseling work, universities should pay attention to
the emotional guidance, such as guiding students to under-
stand and vent their own emotions. Setbacks are inevitable.
Individuals should learn to motivate themselves and carry
out positive self-suggestion, such as maintaining an optimis-
tic and confident psychological state. They should reduce the
negative impact of adverse psychological factors and main-
tain a healthy psychological state [21].

Blind following psychology refers to a psychological phe-
nomenon in which individuals abandon their original ideas
and opinions and adopt conformity due to the influence or
pressure of group behavior in communication. It is a social
psychological phenomenon prevalent in university cam-
puses. The social causes of blind following are complex. Col-
lege students lack the consciousness of making personal
career planning. They are out of touch with the society and
unable to fully understand the needs of the social industry.
They lack in-depth professional learning, social practice

I
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Self esteem
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Belong

Affirm

Figure 8: Harmonious interpersonal relationship.
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experience, and decision-making ability. Therefore, under
the influence of the herd mentality, when choosing a career,
they tend to follow what others say and go with the flow,
lack of a comprehensive analysis of their own ability, and
lack of due decisiveness and persistence when making deci-
sions. Blind following psychology not only hinders college
students to play their own subjective initiative but also limits
the potential of college students to play in a deeper level.

They are easy to lose themselves and unable to overcome
their own limitations to achieve greater achievements. To
avoid the bind following psychology, fresh graduates need
to be personalized when making career plans. That is,
according to their own conditions and requirements, com-
bined with professional development prospects and social
development interests, a rational employment plan with per-
sonalized characteristics is formulated. They also need to
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Figure 9: Classical personality composition.
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know their own interests, temperament, and personality.
Rational thinking is conducive to the development of a
full-life career. They should adjust career mentality and cor-
rect understanding of self. Self-development is very impor-
tant [22].

3. Methods

3.1. Research Object. Under the premise of voluntary partic-
ipation, a total of 359 medical students from 8 classes in a
medical university were selected as the object of the ques-
tionnaire survey. Finally, 325 valid questionnaires were col-
lected with a recovery rate of 90.53%. There were 143 male
graduates aged 23-25 with an average age of 23.55 (SD,
0.70) years and 182 female graduates aged 23-24 with an
average age of 23.19 (SD, 0.35) years. All the graduates
involved in the survey have completed the undergraduate
study and can be awarded the bachelor’s degree according
to the regulations of the university [23].

3.2. Survey Methods

(1) General investigation: a preliminary investigation
and statistics were made on the gender, age, success
of postgraduate entrance examination (admission
notice shall prevail), and employment (employment
agreement shall prevail) of the graduates who partic-
ipated in the survey

(2) Beck Pressure Scale was used to measure the stress
status of medical college graduates. Beck-Srivastava
Stress Inventory (BSSI) consisted of 46 items, which
could be used to investigate the stressors and stress
intensity of graduates. In terms of pressure sources,
6 items were designed and the graduates were asked
to rank the most common items such as economic
pressure, love pressure, interpersonal relationship,
family problems, academic problems, prospects,
and employment, so as to determine the most
important pressure sources faced by the graduates.
In terms of stress intensity, 40 items were designed
and each item was scored on a scale of 1-5, with 1
indicating “no pressure,” 2 indicating “very light
pressure,” 3 indicating “moderate pressure,” 4 indi-
cating “excessive pressure,” and 5 indicating “great
pressure.” Four factors closely related to stress inten-
sity, including learning pressure (specifically associ-
ated with 10 items), economic pressure (specifically
associated with 10 items), interpersonal relationship
(specifically associated with 10 items), and clinical
practice (specifically associated with 10 items), can
be tested and scored. The scores of specific associ-
ated items of each factor were added to obtain the
total score of the factor, and the total scores of the
four factors were added to obtain the final BSSI
score. According to the standards set by the original
work, the detection criteria of graduates with great
pressure are as follows.

BSSI Factor score ≥ 3 score,

BSSI Total score ≥ 72 score
ð1Þ

Cronbach’s a of BSSI was confirmed by using it in pre-
medical students and domestic adolescents as follows.

BSSI = 0:82 ∼ 0:90: ð2Þ

Therefore, it can accurately detect the pressure of gradu-
ates who participate in the survey.

Symptom Check List 90 (SCL-90), also known as the
symptom self-rating scale, consists of 90 items. Each item
is scored on a 1-5 scale, with 1 indicating “no symptoms,”
2 indicating “very mild symptoms,” 3 indicating “moderate
symptoms,” 4 indicating “severe symptoms,” and 5 indicat-
ing “severe symptoms.” Somatization (12 items of specific
association), compulsion (10 items of specific association),
interpersonal relationship (9 items of specific association),
depression (13 items of specific association), anxiety (10
items of specific association), hostility (specific association
six items), horror concrete association (7 items of specific
association), paranoid (6 items of specific association), and
psychosis (7 items of specific association) closely related to
mental health factors are tested (another 7 items without
specific factor, in as “other”). The total score of the associ-
ated items of each factor is added to obtain the total score
of the factor, and the total score of the 10 factors is added
to obtain the final SCL-90 score. The detection criteria for
possible mental health problems are as follows.

SCL − 90Total score ≥ 160score,

Positive factor number ≥ 43item,

The average of a single factor points ≥ 2score:

ð3Þ

Cronbach’s α of SCL-90 in domestic medical students
can reach 0.945, so it can accurately detect the mental health
status of graduates involved in the survey.

(3) Quality control

The whole process of the survey was completed under
the guidance of student management workers (counselors
or deputy secretaries of the General Branch of the CPC, all
with national psychological counseling teacher qualifica-
tion). If the graduates who participated in the survey have
any questions about the specific questions of the question-
naire, they are answered on the spot. Incomplete answers,
difficult to identify after alteration, and L ≥ 7 points in TABP
questionnaire were excluded.

(4) Statistical treatment

All inputs were recorded by statistical professionals and
processed by SPSS20.0 statistical analysis software. If the
quantitative variables followed normal distribution, mean
± standard deviation (X ± SD) was used to describe them;
otherwise, median (interquartile spacing) was used to repre-
sent them. On the premise that the relevant quantitative

7Computational and Mathematical Methods in Medicine
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variables approximately conform to the normal distribution,
multiple linear regression was used to analyze the specific
factors affecting the mental health of medical college gradu-
ates. For the comparison of quantitative data between the
two groups, t test was used if the variance was uniform; oth-
erwise, rank sum test was used, and P < 0:05 was used as the
criterion for statistically significant difference.

4. Results

4.1. Mental Health Status Score. The BSSI score of male stu-
dents (102:05 ± 2:01) shows no statistical significance com-
pared with that of female students (P > 0:05), as shown in
Table 1.

4.2. Mental Health Status by Gender. SCL-90 scores of male
students include somatization (1:95 ± 0:01), compulsion
(1:84 ± 0:15), interpersonal relationship (1:75 ± 0:14), depres-
sion (1:92 ± 0:08), anxiety (1:70 ± 0:10), hostility (7:25 ± 0:16
), terror (1:35 ± 0:41), bigotry (1:29 ± 0:17), and psychosis

(1:33 ± 0:64) which had no significant difference compared
with female students (P > 0:05). See Table 2.

4.3. Mental Health Status of Different Mental Capital. SCL-
90 scores of high stress graduates include somatization
(2:00 ± 0:17), compulsion (2:30 ± 0:08), interpersonal rela-
tionship (1:61 ± 0:20), depression (1:87 ± 0:09), anxiety
(1:80 ± 0:11), hostility (1:30 ± 0:20), terror (1:39 ± 0:14),
paranoid (1:48 ± 0:10), and psychosis (1:50 ± 0:11). There
is significant difference between forced and low pressure
graduates (P < 0:05). There is no statistical significance for
other items (P > 0:05), as shown in Table 3.

5. Conclusions

Developing and accumulating psychological capital of col-
lege students is the bounden responsibility of universities
and college students themselves. The psychological capital
of college students can be fully explored only when universi-
ties and students make joint efforts to create a good

Table 1: Mental health status score.

Gender Male students Female students P

BSSI score 102:05 ± 2:01 94:51 ± 1:05 <0.05

Table 2: Mental health status by gender.

SCL-90 Male students Female students P

Somatization 1:95 ± 0:01 1:94 ± 0:02 >0.05
Compulsion 1:84 ± 0:15 1:87 ± 0:09 >0.05
Interpersonal relationship 1:75 ± 0:14 1:74 ± 0:10 >0.05
Depression 1:92 ± 0:08 2:00 ± 0:10 >0.05
Anxiety 1:70 ± 0:10 1:71 ± 0:20 >0.05
Hostility 7:25 ± 0:16 7:31 ± 0:04 >0.05
Terror 1:35 ± 0:41 1:40 ± 0:02 >0.05
Paranoid 1:29 ± 0:17 1:30 ± 0:10 >0.05
Psychosis 1:33 ± 0:64 1:34 ± 0:58 >0.05

Table 3: Mental health status of different mental capital.

SCL-90 High pressure Low pressure P

Somatization 2:00 ± 0:17 1:99 ± 0:10 >0.05
Compulsion 2:30 ± 0:08 1:80 ± 0:11 <0.05
Interpersonal relationship 1:61 ± 0:20 1:60 ± 0:09 >0.05
Depression 1:87 ± 0:09 1:87 ± 0:15 >0.05
Anxiety 1:80 ± 0:11 1:74 ± 0:19 >0.05
Hostility 1:30 ± 0:20 1:31 ± 0:15 >0.05
Terror 1:39 ± 0:14 1:40 ± 0:13 >0.05
Paranoid 1:48 ± 0:10 1:45 ± 0:20 >0.05
Psychosis 1:50 ± 0:11 1:47 ± 0:12 >0.05
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atmosphere and conditions and make full use of the envi-
ronment and resources in all aspects.

5.1. Campus Environment. The school needs to create a har-
monious and loose campus culture environment, improve
the psychological quality of students, and cultivate the soil
for the growth of college students’ psychological capital.
The campus culture can improve college students’ sense of
identity and belonging and encourage them to read, study,
practice, and participate in various activities of enthusiasm,
initiative, and creativity. Through a variety of promotions,
management system, and evaluation system, colleges and
universities should promote and encourage all students to
participate in various campus culture activities and practice,
so as to find and focus on a few college students with no
practical experience. For this part of the students, the psy-
chological capital is scarce. They are in urgent need to be
provided psychological assistance. College mental health
education and counseling center should intensify propa-
ganda, build a set of mature psychological problem preven-
tion and intervention mechanism through a variety of
forms, and make college students actively seek counseling
staff to help when meeting problems, so as to ensure that
the college students’ psychological problems can be found
in time and more serious problems can be avoided.

5.2. Career Guidance. Colleges and universities should
improve the employment guidance work, pay attention to
the rich resources of college students, and improve the stu-
dents’ self-confidence. Colleges and universities should
improve the employment guidance institutions, ensure that
the division of labor is clear, enhance the service conscious-
ness of staff, and highlight their professionalism. The
employment guidance institutions of colleges and universi-
ties should maintain cooperation with professional talent
assessment, intermediary agencies, and employers. The
employment guidance should run through college students’
career planning, job hunting guidance, entrepreneurship
education, and follow-up investigation after entry. College
students’ own resources should be explored and utilized
through the personal achievement stories, career interviews,
and career experience reports, so as to encourage each other,
experience success repeatedly, and enhance the sense of self-
efficacy. Through students to tell about the positive qualities
of self-confidence, sincerity, diligence, tenacity, optimism,
and gratitude of people and things, multilevel model groups
are established, so as to improve the value system of college
students and enhance the confidence of college students to
enter the society and employment.

5.3. Social Support. College students should be pleased with
themselves, actively engage in practice, establish their own
social support system, and develop and improve their psy-
chological capital. Many college students cannot recognize
their own advantages, nor can they face up to or even try
to cover up their shortcomings. They are unable to accept
and be pleased with themselves, and it is difficult to produce
real confidence. Only when college students tolerate and
accept everything about themselves, cherish the present,

plan the future carefully, and believe that their imperfect
selves can still create a wonderful life can they truly possess
self-confidence. College students can accumulate experience,
improve their knowledge structure, improve practical ability,
and cultivate innovative spirit by actively participating in
various extracurricular practical activities. Lack of social
practice and work experience is an important reason for
many college students’ employment difficulties. A college
student who actively participates in social practice shows
maturity, self-confidence, optimism, and active communica-
tion and coordination skills. Therefore, when encountering
various difficulties in life, study, and emotion, he or she
can be more patient and actively try to solve problems. An
effective social support system can give college students con-
fidence and strength when they encounter setbacks, so that
they can recover their courage and have a strong will and
finally overcome difficulties and achieve success. The psy-
chological capital stored by college students will extend to
their future professional life and long-term life development.
Therefore, colleges and universities should fully realize the
importance of developing the psychological capital of college
students, create a good campus environment, and provide
necessary support for college students, so as to realize the
educational function of the university. College students
themselves should be deeply aware of the important role of
psychological capital in promoting employability and career
development and continue to accumulate their own positive
psychological capital, improve their competitiveness, and
take responsibility for their own development.
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Objective. To analyze the clinical intervention effect of transoral endoscopic thyroidectomy on the neck and face during
perioperative period. Method. From January 2019 to January 2020, 60 patients included in this study were randomly divided
into observation group and control group according to the ratio of 1 : 1, with 30 cases in each group. Both groups underwent
rapid surgical intervention during the perioperative period. The patients in the observation group received neck and face
management. The degree of jaw swelling, the degree of facial microexpression completion, and the changes in jaw and neck
sensation were compared between the two groups. Results. There was no significant difference in neck and face swelling, pain,
facial microexpression, and feeling between the two groups before operation. Patients with facial I/II swelling degree in the
observation group were significantly more than in the control group, and the patients with III swelling degree were less than in
the control group. There was significant difference for facial swelling between the two groups in the three intervention periods
after the operation, and the difference was statistically significant (P < 0:05). The scores of facial microexpression in the
observation group were higher than those in the control group during the three postoperative intervention periods, with
statistical significance (P < 0:05). There was no significant difference in the pain score of the first day after surgery between the
two groups (P = 0:298). In the other two postoperative intervention periods, the pain score of the observation group was lower
than that of the control group, with a statistically significant difference, and the difference was statistically significant (P < 0:05).
The threshold of chin and neck sensory pressure in the two groups was statistically significant (P < 0:05) except that the
“cheek in area 4” (P = 0:290). Conclusion. The results showed that these interventions, such as the elevation of bed after
operation, 24-hour intermittent cryotherapy, ice cubes in mouth, and the “meter” functional training, have good clinical
effects on the symptoms of facial swelling and abnormal sensation of neck and face. It can accelerate the speed of edema
dissipation, improve the patients’ postoperative comfort, and improve the satisfaction and quality of life of patients with
the effect of surgery and beauty.

1. Introduction

The incidence of thyroid diseases has been increasing in
recent years, and timely and good treatment is the key to
alleviate adverse symptoms [1]. Traditional thyroid surgery

is mature and safe, but it will have a great impact on the
maxillofacial aesthetics of patients [2]. With the progress of
medical technology, the deepening of ESAR, and improve-
ment of patients’ aesthetics requirements, the oral endo-
scopic thyroidectomy has developed rapidly due to its
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advantages such as hidden scar, no wound on the body sur-
face, and quick healing, which meets people’s pursuit of
minimally invasive effect and the aesthetics requirements,
and has gradually become one of the routine operations in
thyroid and breast surgery [2–4].

The corresponding complications of the new operation
are different from other operations. Clinical practice found
that oral endoscopic thyroidectomy compared with the tra-
ditions is prone to submandibular ecchymosis, mental nerve
injury, facial muscle injury, and other complications affect-
ing the lower lip and mandible motor sensory abnormalities.
At present, reports of oral endoscopic thyroidectomy in
China are gradually increasing, but there is little attention
to the complications related to physical and psychological
comfort caused by short-term decrease in facial beauty and
paresthesia after surgery and no comprehensive clinical
intervention measures. However, relevant studies [5] have
shown that due to the particularity of the operation and
physical structure of the surgical incision, postoperative tis-
sue edema is prone to occur.

Therefore, it is urgent to strengthen the neck and face
management of perioperative transoral endoscopic thyroid
patients in order to reduce postoperative psychological pres-
sure of patients, improve satisfaction with cosmetic effect
and quality of life, and provide reference for later treatment.
Reactive swelling is currently considered to be traumatic
swelling caused by surgery, which usually occurs 2~3 days
after surgery [6], resulting in facial swelling, pain, numbness,
and so on. It is easy to cause anxiety and reduce the patients’
satisfaction with cosmetic effect and quality of life. In recent
years, our hospital has carried out more than 200 sets of oral
thyroid surgery. The purpose of this study is to objectively
evaluate the facial edema and skin sensation of patients after
oral endoscopic thyroidectomy based on the Semmes-
Weinstein test theory, combined with the related measuring
instruments and evaluation tools, so as to provide clinical
reference for the prevention and nursing of postoperative
edema, pain, facial microexpression damage, and other com-
plications. Now, the following report is made.

2. Materials and Methods

2.1. Patients. 60 patients were enrolled in our study from
January 2019 to January 2020 and were randomized into
observation group and control group in 1 : 1 ratio, with 30
cases in each group. Any public report related to the results
of this study will not disclose the patient’s personal identity,
and the patient’s personal data will be strictly confidential.
All patients underwent thyroid function test, thyroid ultra-
sonography, enhanced thyroid CT, and other routine exam-
inations during preoperative and hospitalization. The
associated surgical risks were fully passaged to the patient,
respecting the patient’s autonomy. There was no significant
difference between the two groups in age, gender, BMI,
nature of lesion, tumor diameter, and weight of resected
tumor (P > 0:05), and the results are shown in Table 1.
The qualifications of surgeons and nurses in the two groups
were the same. This study was in line with the Declaration of

Helsinki. Informed consent was signed before the study, and
patients voluntarily participated in this study.

2.2. Inclusion and Excluding Criteria. The surgical indica-
tions and contraindications of patients were referred to
“Expert Consensus on Endoscopic Thyroidectomy Via Oral
Vestibular Approach (2018)” [7]. Inclusion criteria are as
follows: (1) benign thyroid tumor ≤ 5 cm; (2) ≤1 cm thyroid
micropapillary carcinoma with no evidence of metastasis;
(3) the lesion was unilateral tumor by thyroid ultrasonogra-
phy; and (4) patients have the willingness for cosmetic sur-
gery. Exclusion criteria are as follows: (1) history of jaw
and neck surgery; (2) severe heart, brain, lung, kidney, and
other diseases that affect the safety of surgery; (3) thyroid
tumors are located in the upper pole of the thyroid; and
(4) a history of severe cervical spondylosis.

2.3. Surgical Methods. All 60 patients used mouthwash to
clean their mouths before operation, took the supine posi-
tion with the neck hyperextension, and intubated the trachea
through the mouth for general anesthesia. The cervical white
line was incised, and the thyroid gland was exposed. Unilat-
eral lobotomy with (or without) ipsilateral central lymph
node dissection was performed, oral vestibular mucosa was
sutured with absorbable suture [7], and the specimens were
sent to the department of pathology for examination. During
the operation, three incisions (1.5 cm, 5mm, and 5mm)
were made through the oral vestibule, and the endoscope
and instruments were placed from the oral vestibule to reach
the thyroid region. The subcutaneous tissue was separated
by ultrasonic scalpel, and the operation space was
established.

2.4. Study Design

2.4.1. Fast Track Surgery. All patients were given clinical
intervention of fast track surgery.

(1) Preoperative. (A) Comprehensive assessment of the
patient’s basic diseases and physical conditions was con-
ducted. For example, patients with lung diseases or smokers

Table 1: Patients’ characteristics.

Variables
Observation group

(n = 30)
Control group

(n = 30) P

Age (year) 39:10 ± 11:24 41:03 ± 7:93 0.445

Gender (n)

Male 3 27
0.685

Female 4 26

BMI (kg/m2) 20:08 ± 1:75 20:34 ± 1:75 0.573

Nature of lesion (n)

Benign 23 7
0.519

Malignant 25 5

Tumor diameter
(cm)

1:78 ± 0:42 1:69 ± 0:52 0.486

Weight of resected
tumor (g)

18:92 ± 1:55 18:31 ± 2:04 0.195
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should master effective method of coughing, and aerosol
inhalation treatment should be performed when necessary.
(B) Patients with hypertension and diabetes need to follow

the doctor’s advice and regulate the disease with rational
drug use and diet guidance. (C) According to the patient’s
individual situation, one-to-one health education was car-
ried out to introduce the operating room environment,
intraoperative cooperation methods, and relevant matters
needing attention, and emphasizing the advantages and
methods of the concept of ERAS. (D) The skin and oral were
cleaned before surgery. Gargling with oral cleaning solution
and rinsing three times a day were made by our hospital.
Teeth were cleaned if necessary. (E) Oral administration of
5% glucose 100ml from the morning of the operation day
was done. (F) Starting from the day of admission, surgical
posture training was performed, including neck relaxation
exercise, neck hyperextension training, deep breathing, and
balloon blowing training, so as to improve the tolerance of
anesthesia and reduce the risk of anesthesia. (G) The
patients’ psychological changes were dynamically grasp, psy-
chological counseling was timely conducted, and successful
treatment cases were explained to patients, to improve their
confidence and eliminate anxiety and fear.

(2) Intraoperative. (A) The patient’s vital signs and the
changes in the amount of access were closely observed. (B)
Keep the temperature and humidity in the operating room
appropriate to reduce the unavoidable exposure during the
operation. (C) The operator should move gently and follow
the principle of sterility.

(3) Postoperative. (A) After the operation, the patients
returned to the ward and were properly placed. The patients
who were not awake after anesthesia went to the pillow and
lay on their back, with their head tilted to one side. Vital
signs were monitored, and special attention was paid to
breathing and wound conditions. The respiratory tract was
kept unobstructed and low flow oxygen inhalation was
given. (B) Pressure bandaging under jaw was applied on
the1st day after operation to reduce local edema. If the swell-
ing was alleviated, the time of the head cover could be
reduced. (C) If necessary, aerosol inhalation should be per-
formed as instructed by the doctor to reduce respiratory
edema and prevent infection. (D) Instruct the patients to
pay attention to the protection of the operation area during

Figure 1: Data acquisition map.

Figure 2: Semmes-Weinstein sensory measurement.
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activities and coughing. (E) If there was no discomfort for
6 h after surgery, the patient could take a semireclining and
prevent the neck violent activity. If the vital signs were stable
and the anesthesia was fully awake, patients can drink a
small amount of water. If there was no other discomfort, liq-
uid diet could be given. After 24 hours of operation, you can
gradually transition to semi liquid, soft food, and common
food and gargle with mouthwash before and after eating.
(F) After anesthesia, turning over and stretching of limbs
can be carried out on the bed, and in the first day after oper-
ation, voice training can be carried out in the early stage.

(4) Discharge Guidance. Patients received discharge and die-
tary guidance [8], and outpatient follow-up was conducted
one week after surgery.

2.4.2. Cervicofacial Interventions. The observation group was
given cervicofacial interventions on the basis of the control
group after operation:

(1) After the operation, the patient returned to the ward
and was given ice compress on the operation site
according to the doctor’s advice. The cold treatment
time was 24 hours, no more than 30 minutes each
time. During this period, it should be applied after
an interval of 30 minutes. The purpose is to make
local vasoconstriction, reduce capillary permeability,
and reduce local congestion and pain caused by tis-
sue swelling oppressive nerve endings. It was
wrapped in disposable sealing bags when putting
ice, taken care to sanitize the isolation principle.
During cryotherapy, the local skin condition and
skin color of the patients should be observed to pre-
vent frostbite. Check the ice bag for water leakage,

listen to the complaints of the patients, and stop
the cold treatment immediately if there is any
abnormality

(2) At 2 h postoperatively, the patient’s consciousness
recovered and the bedside could be raised by 5-10°

without discomfort. In the later stage, the patient’s
bedside should be raised step by step to maintain
30°, 60° of semidecumbent position, and 90° of the
sitting position, so as to facilitate smooth incision
drainage [9]

(3) After the patient is fully conscious (2 h postopera-
tively), the nurse wears film gloves to give an ice
block to the patient to hold it in the mouth. The
ice is a sphere with a radius of 1 cm and is placed
at the front of the patient’s tongue tip. One piece at
a time was placed in the front of tongue tip and
slowly swallowed in patients with conscious state if
no discomfort, every 30min to give a piece, within
6 h; the purpose was to reduce the patients with jaw
tissue swelling and pain. If there were uncomfortable
symptoms such as choking, let the patient’s thumb
web press the operation area to cough effectively

(4) Postoperative rehabilitation: at 3 days postopera-
tively, “meter” rehabilitation training could be
started to prevent tissue scar contracture and pro-
mote blood circulation in the neck. Postoperative
rehabilitation should be carried out gradually, and
the actions should be slow and gentle. Avoid food
of spicy and easy to plug teeth, and gargle with water
after eating. Come to the hospital for reexamination
one week after surgery

Table 2: Comparison of swelling degree between two groups before and after intervention.

Group n
Intervention time

Pre-op Post-op 1 day Post-op 3 days Post-op 1 week
0 I II III 0 I II III 0 I II III 0 I II III

Observation group 30 30 0 0 0 0 4 20 6 0 11 18 1 6 23 1 0

Control group 30 30 0 0 0 0 0 21 9 0 6 20 4 0 21 9 0

Z 0 -6.140 -2.032 -3.492

P >0.05 <0.05 0.042 <0.05
Abbreviations: Pre-op, preoperative; Post-op, postoperative.

Table 3: Comparison of VAS (pain) and facial microexpression score between the two groups.

Group n
Visual analogue pain score (points, x ̅±s) Facial microexpression score (points, x ̅±s)

Pre-op Post-op 1 day Post-op 3 days Post-op 1 week Pre-op Post-op 1 day Post-op 3 days Post-op 1week

Observation group 30 0.00 5:17 ± 1:56 2:37 ± 1:07 1:50 ± 1:01 8.00 1:60 ± 0:81 3:00 ± 1:08 6:47 ± 0:97
Control group 30 0.00 5:57 ± 1:38 3:17 ± 0:75 2:67 ± 1:24 8.00 1:20 ± 0:61 2:03 ± 0:96 4:90 ± 1:37
t NA -1.051 -3.366 -3.996 NA 2.154 3.652 5.098

P NA 0.298 0.001 <0.05 NA 0.036 0.001 <0.05
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2.5. Evaluation Index

(1) The soft ruler with a standard scale was used to eval-
uate patients’ facial swelling by the Perez-Gonzalez
direct measurement color Doppler ultrasound

(2) VAS was used to evaluate patients’ pain of the oper-
ation side. A self-made scale was used to evaluate to
evaluate the facial microexpressions, including toot
mouth, grin mouth, lower lip extension, and chin
muscle contraction; VAS was used to evaluate the
pain of the surgical site. Draw a 10 cm horizontal line
on the paper, and the two ends indicated “painless”
(0) and “severe pain” (10), respectively. According
to the degree of feelings, the patient drew a point
on the straight line which is consistent with the
intensity of feeling, and the distance from the “pain-
less” end to the mark is the feeling score. Generally,
it was repeated twice, and the average value was
taken. The scores were evaluated preoperatively, 1
day, 3 days, and 1 week after surgery

(3) Sensory changes in the chin and neck were assessed
by the Semmes-Weinstein monofilament test. Chin
and neck sensory evaluation [10]: the baseline nylon
monofilament test of FEI company of the United
States was used to objectively evaluate the sensation
of 10 areas of chin, face, and neck: area 1 (lower
lip, right, and left), zone 2 (chin, right and left), zone
3 (submental), zone 4 (cheek, right, and left), zone 5
(submandibular, right, and left), and zone 6 (grade
VI). The basic nylon monofilament test box is
designed to fully follow the Semmes-Weinstein test
theory for fine tactile examination that can measure
sensations from light touch to deep pressure. The
strength represented by different specifications was
as follows: 2:83 = 0:07 g/mm2 (normal sensation),
3:61 = 0:4 g/mm2 (hypotactile loss), 4:31 = 2 g/mm2

(protective hypoesthesia), 4:56 = 4 g/mm2 (protec-
tive loss of sensation), and 5:07 = 10 g/mm2 (protec-
tive loss of sensation). The patient took the sitting
position, closed his eyes, gently scratched the mono-
filament on the skin of the measured area, and
recorded the pressure value of the lightest monofila-
ment identified by the patient as the pressure thresh-
old of the specified area. The measured values of the
left and right areas are taken as the average

2.6. Data Collection and Analysis

2.6.1. Evaluation of Facial Edema. The patient was in the
upright position, and the mouth angle (Co), mandibular
angle (Go), and soft tissue premaxillary point (Po) were
selected on both sides. The body surface distances of Co-
Go, Co-Po, and Go-Po were measured with a soft ruler
before surgery, on the first day, the third day, and one week
after operation (the average values of the left and right sides
were taken), and the percentage of facial swelling was calcu-
lated according to the formula: ðthemeasured distance on
the first day, the third day and oneweek postoperatively −

themeasured distance before surgeryÞ/themeasured
distance before surgery × 100%. The subcutaneous thickness
at Po and 2 cm beside Po point was measured by color
ultrasound.

(1) Evaluation Criteria for Swelling [11]. 0 degree means
appearance is basically normal and facial swelling
percentage ≤ 3%; I degrees means mild swelling appearance
and facial swelling percentage > 3%and ≤ 6%; II degrees
means the appearance of moderate swelling and facial
swelling percentage > 6%and ≤ 12%. III degreesmeans
appearance of severe swelling, local skin, and facial swelling
percentage > 12%.

(2) Facial Microexpression Evaluation. Self-made facial
microexpression questionnaire was adopted, including pout,
grin, lower lip extension, and chin muscle contraction.
“Fully capable” was scored as “2,” “partially capable” was
scored as “1,” and “not able” was scored as “0”; the facial
microexpression scores of patients in four study periods
were compared (Figures 1 and 2).

2.7. Statistical Analysis. The IBMSPSS24.0 software was
applied for statistical analysis. The measurement data were
expressed by mean ± standard deviation. The counting data
were expressed by frequency or rate. t-test was used when
measurement data obey normal distribution, and rank sum
test was used when it did not obey normal distribution. χ2

test was used to compare the classified counting data.
Repeated measurement data were analyzed by repeated mea-
surement analysis of variance. Main effect test results were
used when there was no interaction, and simple effect anal-
ysis was carried out when there was interaction. P < 0:05
indicated that the difference between groups is statistically
significant.

3. Results

(1) Comparison of the degree of swelling between the
two groups showed that there was no significant dif-
ference before surgery (P > 0:05). After intervention,
there were statistically significant differences in the
degree of swelling on the first day, the third day,
and the week after surgery, and the difference was
statistically significant (P < 0:05); results are shown
in Table 2

(2) Preoperative VAS and facial microexpression score
of the two groups were all within the normal range
and were not comparable (P > 0:05). The VAS of
the two groups was not statistically significant except
“the 1st day after surgery” (P = 0:298), and the other
two postoperative intervention periods were statisti-
cally significant. The scores of facial microexpression
in the observation group were all higher than those
in the control group during the 3 postoperative
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intervention periods, and the difference was statisti-
cally significant (P < 0:05), as shown in Table 3

(3) The preoperative pressure threshold values of chin
and neck in the two groups were all within the nor-
mal sensory range and were not comparable. Postop-
eratively, except for the “cheek in area 4” data, which
was not statistically significant (P > 0:05), and the
difference was statistically significant (P < 0:05) at
the time of postoperative intervention, which was
statistically significant (see Table 4 for details)

4. Discussion

In this study, we found that the incision of patients undergo-
ing endoscopic oral thyroidectomy was hidden, which
brought some difficulties to the observation and nursing of
postoperative incision swelling and bleeding. According to
the anatomy of the mandible, oral vestibular incision may
cause mental nerve injury and facial expression muscle
injury, which has a certain impact on the motor and sensory
function of the lower lip and mandible [12, 13]. It was
reported that the lesions of the mental nerve were about
0.7%~33.3% [12, 14]. This study enrolled 60 patients with
oral endoscopic thyroid surgery according to the standards
of aspiration and drainage, to explore postoperative inter-
vention measures, aimed at providing clinical reference
value for patients with better recovery in the later stage.

This study was carried out for one year under the stan-
dard of admission and exclusion. Through setting up the
control group and the observation group, and taking the cor-
responding clinical intervention, it was found that all
patients in the study had swelling of mandible and neck,
abnormal sensation, facial microexpression damage, and
pain on the 1st day after operation, which may be caused
by too much chin muscle transection during the central inci-
sion and chin muscle tearing caused by operation leverage
[15]. The neck incision is hidden in the oral vestibule by oral
endoscopic thyroidectomy to achieve the purpose of neck
beauty and improve patients’ satisfaction with the beauty
effect. Our jaw and lower lip not only have the same aes-
thetic function as the neck skin but also have important
social functions in daily life [15]. Serious swelling of patients
in postoperative may lead to appearance of psychological
disorder such as mouth restriction and self-image disorder,
which may affect the work, life, and interpersonal communi-
cation, resulting in the decline of patients’ quality of life.
However, with the management of effective interventions
and the extension of postoperative time, the degree of dis-
comfort decline and recovery in the observation group was
better than that in the observation group. Except for
“VAS” and “cheek in the 4th zone” on the 1st day after oper-
ation, the other data of the two groups were statistically sig-
nificant (P < 0:05), which may be related to the body stress
reaction, surgical site, and incision.

Giving ice to patients after operation can effectively
reduce the patient’s oral temperature, the proliferation of

oral bacteria, and mandibular edema. At the same time,
melting ice water is slowly swallowed by patients, which is
conducive to improving the comfort of patients. Therefore,
keen observation and serious sense of responsibility are the
keys to complete clinical work and reduce complications.
Interval cryotherapy within 24 hours after surgery can slow
down local blood flow, help blood clotting and control
bleeding, and reduce pain caused by tissue swelling. Postop-
erative patients are prone to lower lip and jaw swelling, com-
bined with high oral temperature and preoperative water
prohibition. The proper and gradual elevation of the head
of the bed and the cryotherapy can safely and effectively
drain and accelerate the speed of facial edema dissipation,
which is similar to the research results of Yuping et al. [9].
Meanwhile, according to the relevant results, it is safe to
treat nerve injury by endoscopic thyroidectomy, which is
the same as KYung [11].

Relevant data [16, 17] showed that continuous ice com-
press can reduce the sensitivity of local nerve endings and
cells, thus increasing the pain threshold or shortening the
pain time. Enwemeka et al. [18] found that ice compress
therapy can reduce the temperature of tissue 2 cm below
the skin and found that there is blood exchange between
deep and shallow tissues, which explains that ice compress
therapy can effectively reduce swelling and pain of local tis-
sues. Swenson et al. [19] considered that the difference of the
curative effect of ice compress lies in the difference of using
method through applying ice compress to soft tissue trauma
in the early stage of sports medicine. Although it is effective
for patients to reduce swelling, if continuous ice compress
method is adopted and ice compress medium is replaced,
whether the speed of patients’ swelling is faster than inter-
mittent ice compress therapy needs further study [20–24].

Process and behavioral outcomes are just one way to
measure impact. Results related to postoperative quality of
life and patient satisfaction should be considered [25–29].
Similarly, the feedback and opinions of medical staff are
equally important. These should be the themes of future
research. The limitation of this study lies in the lack of
follow-up of patients after discharge. In the next study, we
should extend the study time and strengthen the interven-
tion of patients’ continuing care, so as to quantitatively eval-
uate the postoperative quality of life of patients. This study
still has some shortcomings. Firstly, the quality of this study
is limited due to the small sample size we included in the
study. Secondly, this research is a single-center study and
our findings are subject to some degree of bias. Therefore,
our results may differ from those of large-scale multicenter
studies from other academic institutes. This research is still
clinically significant, and further in-depth investigations will
be carried out in the future.

5. Conclusion

Intervention management of cervicofacial edema and pares-
thesia during perioperative period of oral endoscopic thy-
roidectomy can effectively reduce postoperative facial
edema, accelerate the dissipation of swelling, improve
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postoperative sensory comfort, and improve the satisfaction
of patients with surgical effect and quality of life.
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Backgroud. Preeclampsia (PE) is a critical type of hypertensive disorder of pregnancy, which seriously affects maternal and infant
health. The etiology of PE is unclear, and there is no clear prediction model. In this study, new biomarkers were identified before
20 weeks of gestation to construct an early PE prediction model. Purpose. To identify novel biomarker insulin-like growth factor
binding protein-2 (IGFBP-2) associated with preeclampsia (PE) before 20 weeks of gestation and to explore the predictive value of
plasma IGFBP-2 in PE. Methods. A prospective nested case-control investigation involving 122 PE patients and 122 normal
controls (NC) that were matched 1 : 1 in terms of age and week of pregnancy was carried out in Guangzhou Women and
Children’s Medical Center (Guangzhou, China, 2018030306) from April 2016 to December 2019. At 8 to 20 weeks, blood
samples from the mother were taken. To calculate the correlations, univariate conditional logistic regression was employed.
Results. Herein, 12 clinical indices were significantly different between the PE and NC groups (uric acid (UA), cystatin C (Cys
C), aspartate aminotransferase (AST), glutamyl transpeptidase (γ-GT), total bilirubin (TB), prothrombin time (PT), red blood
cell (RBC), hematocrit (HCT), red cell distribution width (RDW), platelets (PLT), mean platelet volume (MPV), and
thrombocytocrit (PCT)). Compared with the NC group (36:79 ± 19:91 pg/mL), the expression level of IGFBP2 in the PE group
(19:76 ± 19:40 pg/mL) before 20 weeks of pregnancy was significantly decreased (P < 0:01). Two high-risk factors were found
to be significantly associated with PE independently of confounders: anemia 4.35 (2.20-8.45) (P < 0:01) and cesarean section
history 8.25 (2.67-26.67) (P < 0:01). As a result of the univariate logistic regression analysis, the following three variables were
included in the final logistic regression model.: Y = −18:841 − 0:085 × ðIGFBP‐2Þ + 0:630 × ðRDWÞ + 0:165 × ðASTÞ + 0:863 ×
ðMPVÞ. In comparison to IGFBP-2 alone as an independent predictor of PE (AUC = 0:897, 95% CI 0.830–0.964), the
model’s discriminatory power was considerably higher (AUC = 0:953, 95% CI 0.911–0.995). Conclusion. Plasma IGFBP-2
before 20 weeks of pregnancy combined with high-risk factors and routine blood indexes has a high early predictive value
for PE.

1. Introduction

Preeclampsia (PE) is a critical type of hypertensive disor-
der in pregnancy, manifested as persistently high blood
pressure and proteinuria after 20 weeks of pregnancy, with
an incidence of 3%-8% [1]. PE inhibits fetal intrauterine
growth and affects several organs (including the liver, kid-
neys, lungs, and heart) as well as the nervous system of preg-
nant women. It also causes mortality, premature birth, and

other problems. The programmed structural and functional
changes caused by PE injury during pregnancy also elevate
the risk of cardiovascular diseases after childbirth. Early
screening of women at risk for PE can reduce the risk of
preterm birth and early-onset preeclampsia by preventive
measures, such as the use of aspirin and calcium [2].

Except for pregnancy termination, currently, there is no
effective treatment that might underlie the risk of premature
delivery. In clinical treatment, it is usually faced with the
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difficulty of deciding the maternal-fetal benefits [3–5].
Therefore, it is important to identify women who are at risk
of PE in advance so that preventative and intervention strat-
egies may be implemented. There are many biomarkers that
have been suggested to predict PE. Presently, only a few
effective clinical predictors have been identified for PE,
resulting in a poor prognosis for the mother and perinatal
infants and a sudden increase in the risk of death [6–8].

Several studies speculated that during the formation of
PE placenta, extravillous trophoblast (EVT) suffers from
decreased invasiveness and extravillous uterine spiral artery
remodeling obstacle, resulting in shallow placenta implanta-
tion and poor placental vascular formation. In placental
implantation, plasma proteins have a specific role as placen-
tal factors that induce endothelial dysfunction and a variety
of other pathophysiological alterations linked to PE [9–11].
Due to the complexity and multifactorial nature of the
disease, we employed antibody microarray technology to
identify the crucial predictive proteins linked to PE.

Insulin-like growth factor binding protein 2 (IGFBP-2)
belongs to the IGFBPs family, in which the content of
IGFBP-2 is the second. IGFBP-2 was the first member found
to be highly expressed in glioma, and it is associated with
tumor differentiation, invasion, apoptosis, and angiogenesis
[12, 13]. Placental microparticles may comprise fragments
that are formed and released into the mother’s blood circu-
lation during pregnancy [14]. As a result, there is a lot of
attention being paid to determining if there may be a differ-
ence in plasma IGFBP-2 levels between those with and with-
out PE. The novel factor IGFBP-2 and previously known risk
factors were incorporated in the current investigation to
potentially increase the discriminatory performance of PE.

2. Methods

2.1. Study Design and Subjects. The research was based on an
ongoing prospective study at the Guangzhou Women and
Children’s Medical Center (2018030306), Guangzhou,
China, from April 2016 to December 2019. All subjects
signed an informed consent, which was approved by the
Ethics Committee of Guangzhou Women and Children’s
Medical Center. The samples were collected at enrollment,
and the subjects followed up for up to 42 days postdelivery.
Baseline demographic data and the mother’s medical history
and lifestyle information were collected.

In this nested case-control study, 5951 women were
recruited during the discovery phase. PE occurred in 214
subjects, 122 of whom met all inclusion and exclusion cri-
teria; the remaining patients were eliminated (Figure 1).
These 122 PE-affected women were matched at a 1 : 1 ratio
in terms of age, gestational week, and sample date to 122
controls who had uncomplicated pregnancies.

2.2. Diagnosis of PE

2.2.1. Inclusion Criteria for Case Group. According to the
expert consensus PE [15] in Guidelines for The Diagnosis
and Treatment of Gestational Hypertension (2020), PE was
defined as hypertension (systolic blood pressure ≥ 140

mmHg and/or diastolic blood pressure ≥ 90mmHg) and
proteinuria (urinary protein quantification > 0:3 g/24 h, or
random urinary protein quantification ≥ 2 + ) emerging after
20 weeks of gestation. However, in the absence of protein-
uria, hypertension should be accompanied by more than
one of the following symptoms: (1) visual impairment,
persistent headache, or other abnormalities of the central
nervous system; (2) abnormal transaminase levels: elevated
serum aspartate aminotransferase (AST) or alanine amino-
transferase (ALT); (3) impaired renal function: urinary
protein level > 2:0 g/24 h, or oliguria, or serum creatinine
level > 106μmol/L; (4) hypoproteinemia with ascites, pleu-
ral effusion, or pericardial effusion; (5) platelet count con-
tinued to decrease to 100 × 109 P/L; and (6) fetal growth
restriction or oligohydramnios, intrauterine death, and pla-
cental abruption.

2.2.2. Case Group Exclusion Criteria. Patients with a history
of hypertension, kidney disease, or other conditions causing
elevated blood pressure prior to the 20th week of gestation
were excluded. In addition, cases of primary lipid metabo-
lism abnormalities, stillbirth, miscarriage, multiple pregnan-
cies, fetal malformation, thyroid disease, gestational diabetes,
and liver and kidney diseases were excluded [16].

2.2.3. Inclusion Criteria for Normal Pregnancy. The pregnant
woman gave birth to one full-term live fetus without any
abnormalities.

2.3. Sample Collection. Women between 8 and 20 weeks of
their pregnancies had their peripheral venous blood samples
drawn, which were centrifuged at 3500× g for 10min at
room temperature, and then promptly kept at -80°C. A total
of 507 proteins of interest were found using a RayBio Label-
based Human Antibody Microarray (catalog # AAH-BLG-1;
RayBiotech, Norcross, GA, USA). Assays were carried out as
per the manufacturer’s instructions. Because of the chal-
lenges in collecting early pregnancy plasma samples from
women with PE, only IGFBP-2 levels were examined as they
showed a high fold-change among the downregulated pro-
teins in the protein microarray. IGFBP-2 is also essential in
trophoblastic immune privilege and trophoblast invasion in
the early stages of pregnancy. IGFBP-2 plasma concentra-
tions were measured by ELISA kit (Bes11047H, BersinBio,
Guangzhou, China).

2.4. Data Collection. On the basis of a literature review and
clinical expertise, the potential risk factors were chosen.
Medical records were used to collect the data. Socio-
demographic characteristics (maternal age, gestational age,
body mass index (BMI), ethnicity, and place of birth), preg-
nancy history, past medical history, family history (gesta-
tional diabetes mellitus and hypertension), and adverse
perinatal outcomes (scar uterus, oligohydramnios, prema-
ture rupture of membranes, postpartum hemorrhage, prema-
ture delivery, and low birth weight) were the included
variables. Routine blood indices (blood routine, coagulation
function, liver function, and kidney function) before 20
weeks of gestation were collected and analyzed.
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2.5. Statistical Analysis. Data analysis was carried out using
SPSS 26.0 software. The normal-distribution measurement
results were expressed as mean ± standard deviation ðSDÞ,
and an independent sample test was employed to compare
the variables across groups. Median (interquartile spacing)
(M (P25, P75)) was used for skewed distribution. Wilcoxon
rank-sum test or Mann–Whitney U test was utilized to com-
pare the variables across groups. For the correlation analy-
ses, Spearman correlation analysis was utilized. Single
factor analysis was used for screening significant risk factors,
and multivariate logistic regression analysis was utilized for
determining the prediction model of PE. The receiver oper-
ating characteristic (ROC) curve was drawn by using a step-
wise logistic regression model to determine the sensitivity,
specificity, negative/positive likelihood ratio, and other indi-
cators, and the predictive value of indicators was evaluated
by the area under the curve (AUC) value. P < 0:05 was taken
as significant.

3. Results

3.1. Demographical Data. In total, 244 pregnant women, 122
of whom were in the PE group and 122 of whom were in the
normal pregnancy group, were enrolled in this study. Before
20 weeks of gestation, the BMI level of the PE group was
higher in comparison to that of the normal pregnancy group
(P < 0:05); however, there were no significant differences
detected in the race, nationality, age, and gestational age
between the two groups (P > 0:05). The results were as fol-
lows: in the PE group, the changes in blood cell system,
the red blood cell count, hematocrit, red blood cell distribu-

tion width, mean platelet volume and specific platelet vol-
ume, serum uric acid and cystatin C, serum aspartate
aminotransferase, glutamyl transpeptidase, and total biliru-
bin levels in the liver function test, and prothrombin time
were higher in comparison to those in the normal group
(P < 0:05), while platelet count was lower than the normal
group. No statistical difference was observed in the other
items (Table 1).

3.2. Analysis of High-Risk Factors and Adverse Outcomes.
Univariate analysis showed that history of anemia and cesar-
ean section were statistically significant in the PE group
(P < 0:05). The relative risk odds ratio (OR) (95% confidence
interval (CI)) values of anemia and cesarean section history
are 4.35 (2.20-8.45) and 8.25 (2.67-26.67), respectively. The
probability of high risk of placenta accreta, scar uterus, oli-
gohydramnios, abnormal placenta, and low birth weight in
the PE group was remarkably higher in comparison to that
in the normal pregnancy group (P < 0:05). The relative risk
OR (95% CI) of high risk of placenta accreta, scar uterus, oli-
gohydramnios, and placental abnormality in pregnancy was
2.33 (1.18-26.67), 9.71 (2.93-31.19), 25.16 (4.41-263.70), and
3.82 (1.28-10.89), respectively. And then, the relative risk
OR (95% CI) of low birth weight was 49.08(8.21-505.90).
On the other hand, there was no significant difference
observed between the PE group and normal groups in preg-
nancy times and history of spontaneous abortion (P > 0:05)
(Table 2).

3.3. Correlation between Plasma IGFBP-2 Expression Level
and Routine Laboratory Indicators. The plasma IGFBP-2

Patients enrolled for study from April 2016 to December 2019 ( n = 5951)

Allocated to the validation patients (n = 3883)

Patients with PE (n = 214)

Stillbirth (n = 5) Hyperthyroidism (n = 3)

Twins and multiple
pregnancies (n = 10)

Liver and kidney diseases
(n = 14)

Patients with PE included in study
(n = 122)

Gestational diabetes mellitus
(n = 54)

Uterine leiomyoma (n = 6)

Gestation > 20 weeks
(n = 2068)

Figure 1: Flow diagram of study design.
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expression level before 20 weeks of pregnancy was
detected by enzyme-linked immunosorbent assay (ELISA).
A total of 100 pregnant women (50 in the NC group and
50 in the PE group) were detected before 20 weeks of
pregnancy. As a result, before 20 weeks of pregnancy,
the level of IGFBP-2 in the PE group (19:76 ± 19:40pg/
mL) was substantially lower in comparison to that in the
normal group (32:59 ± 17:90pg/mL) (P < 0:01) (Figure 2).

Spearman’s correlation analysis was carried out to assess
the expression level of plasma IGFBP-2 before 20 weeks of
pregnancy in the PE group and routine laboratory indica-
tors. The outcomes demonstrated that the plasma IGFBP-2
expression level before 20 weeks of pregnancy was negatively
correlated with AST, RBC, RDW, and MPV (r = −0:34,
-0.25, -0.31, -0.30; P < 0:01) in PE; however, there was no
statistically significant correlation with other indicators
(Table 3).

3.4. Efficacy of the Predictive Model. The statistically signifi-
cant high-risk factors and clinical indicators were included
in the regression analysis, and the stepwise logistic regres-

sion analysis was adopted. Finally, the regression analysis
model was obtained: Y = −18:841 − 0:085 × ðIGF BP‐2Þ +
0:630 × ðRDWÞ + 0:165 × ðASTÞ + 0:863 × ðMPVÞ (Table 4).

Using ROC analysis of IGFBP-2 levels, the discrimina-
tory capacity of IGFBP-2 and the clinical factors related to
PE were evaluated (Figure 3). Using IGFBP-2 as a single pre-
dictor, the AUC was 0.897 (95% CI 0.830–0.964) with 86.0%
sensitivity and 84.0% specificity. Subsequently, the AUC
increased to 0.953 (95% CI 0.911–0.995) with 94.0% sensi-
tivity and 88.0% specificity when clinical factors for PE were
entered into the logistic model based on the optimal cutoff
point (Table 5).

4. Discussion

We found plasma IGFBP-2 levels before 20 weeks of gesta-
tion in this nested case-control research from a cohort of
Chinese pregnant women to be prospectively linked to the
risk of PE. In the Chinese population, the level of IGFBP-2
is predicted for 89.7% of PE cases. The combination of
improved the detection rate of PE to 95.3%. The inclusion

Table 1: Clinical data of the PE group and control groups.

Variables PE (n = 122) NC (n = 122) P

Han, n (%) 118 (96.72) 119 (97.54) 0.99

Guangdong nationality, n (%) 90 (73.77) 89 (72.95) 0.99

Age (years) 32:37 ± 4:82 32:48 ± 4:50 0.87

Gestational weeks 16:75 ± 2:56 17:18 ± 2:27 0.19

BMI (kg/m2) 26:21 ± 5:17 24:83 ± 3:63 0.01

Renal function indexes

UA (μmol/L) 271.0 (228.0, 310.5) 217.5 (191.0, 248.8)) <0.01
Cr (μmol/L) 43.0 (38.0, 46.0) 42.0 (37.0, 47.0) 0.73

Urea (mmol/L) 2.75 (2.19, 3.23) 2.82 (2.44, 3.38) 0.20

Cys C (mg/L) 0.59 (0.49, 0.71) 0.55 (0.45, 0.62) <0.01
Liver function indexes

ALT (U/L) 16.00 (11.00, 26.00) 16.00 (12.00, 26.25) 0.30

AST (U/L) 21.00 (18.00, 26.00) 17.00 (14.00, 21.00) <0.01
γ-GT (U/L) 12.50 (10.00, 17.00) 11.00 (8.00, 14.00) <0.01
TB (μmol/L) 8.90 (7.55, 10.95) 7.00 (5.80, 9.25) <0.01
Blood coagulation indexes

PT (s) 12.10 (11.70, 12.40) 11.80 (11.50, 12.30) <0.01
APTT (s) 33.10 (31.20, 34.55) 32.40 (30.38, 34.83) 0.28

TT (s) 16.00 (15.45, 16.55) 15.80 (15.20, 16.30) 0.34

Fib (g/L) 4:69 ± 0:89 4:66 ± 0:70 0.82

Blood routine indexes

RBC (1012/L) 4.09 (3.77, 4.45) 3.85 (3.64, 4.11) <0.01
HB (g/L) 119:9 ± 11:39 118:8 ± 9:70 0.36

HCT (%) 36.30 (34.00, 38.53) 35.00 (33.10, 36.70) <0.01
RDW (%) 16.20 (14.53, 16.80) 13.05 (11.50, 15.00) <0.01
PLT (109/L) 224:8 ± 51:15 253:0 ± 55:31 <0.01
MPV (fL) 10.75 (9.90, 11.40) 8.10 (7.70, 9.03) <0.01
PCT (%) 0:24 ± 0:05 0:21 ± 0:05 <0.01
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of IGFBP-2 improved the PE prediction beyond conven-
tional risk factors and clinical markers. To our knowledge,
this is the first study to investigate the predictive value of
IGFBP-2 on PE in the Chinese population, which provides
a novel perspective for the prediction of PE.

Maternal markers, ultrasound markers, and biomarkers
including PIGF, sFlt-1, and PAPP-A have all been employed
for PE prediction [6–8]. Based on several studies on the early
markers for PE recognition, several multiparameter algo-
rithms have been developed. In summary, although a large
number of markers and algorithms have been studied, a reli-
able PE prediction model has not been developed. Presently,
there is no clinically significant screening test available for
the prediction of PE development. The abnormal vascular
remodeling of the spiral arteries in the uterus, resulting in
superficial implantation of the placenta, might be the patho-

genesis of PE. With the use of maternal trophoblast invasion
factors like IGFBP-2, this condition can be used to predict
PE. IGFBP-2 levels in the blood of pregnant women who
later developed PE were shown to be lower in earlier studies.
Recent studies consistently show that in early pregnancy
(before 20 weeks gestation), the plasma level of IGFBP-2 in
the PE group was substantially lower in comparison to that
in the control group (Figure 2). In addition, IGFBP-2 can
regulate the inflammatory response, apoptosis, differentia-
tion invasion, and angiogenesis through multiple signaling
pathways such as the Ras-MAPK pathway, PI-3K/AKT
pathway, JNK pathway, P53, PTEN, and Wnt/β-catenin
molecules [17–23]. In this study, it was found for the first
time that the plasma IGFBP-2 level decreased before 20
weeks of pregnancy in the PE group, which inhibited the
invasion of EVT and caused PE. Simultaneously, the expres-
sion level of IGFBP-2 was negatively correlated with AST,
RBC, RDW, and MPV (Table 3).

Several studies reported that social, nutritional, blood,
inflammation, immune, genetic, and other factors would
affect the occurrence of PE [24, 25]. In this study, the red
blood cell count, red blood cell distribution width, and pro-
thrombin time in the PE group were higher in comparison
to those in the normal group. Reportedly, the increase in
RBC distribution width is due to the influence of inflamma-
tory factors on RBC production and deformation ability [26,
27]. This study found that red blood cell count in the PE
group increased significantly in early pregnancy, which
might be due to the compensatory response caused by
microcirculation ischemia and hypoxia in the body. An
increased number of red blood cells in pregnant women,

Table 2: Analysis of high-risk factors and adverse outcomes between the NC group and PE groups.

PE (n = 122) NC (n = 122) OR (95% CI) P

High-risk factors

Anemia, n (%) 44 (36.07) 14 (11.48) 4.35 (2.20-8.45) <0.01
History of diabetes 0 (0) 0 (0) N N

History of hypertension 1 (0.8) 0 (0) N 0.99

Gravidity = 1, n (%) 39 (31.97) 37 (30.33) 1.08 (0.63-1.85) 0.78

Gravidity ≥ 3, n (%) 49 (40.16) 39 (31.97) 1.43 (0.84-2.38) 0.18

History of preterm birth, n (%) 1 (0.8) 1 (0.8) N N

Spontaneous abortion ≥ 2, n (%) 11 (9.02) 7 (5.74) 1.63 (0.61-4.19) 0.33

Cesarean delivery, n (%) 21 (17.21) 3 (2.46) 8.25 (2.67-26.67) <0.01
Stillbirths, n (%) 1 (0.8) 0 (0) N 0.99

Adverse pregnancy and perinatal outcomes

High risk of Down’s screening, n (%) 30 (24.60) 15 (12.30) 2.33 (1.18-26.67) 0.01

Scar uterus, n (%) 24 (19.67) 3 (2.46) 9.71 (2.93-31.19) <0.01
Oligohydramnios, n (%) 21 (17.21) 1 (0.8) 25.16 (4.41-263.70) <0.01
Premature rupture of membranes, n (%) 25 (20.49) 15 (12.30) 1.84 (0.94-3.66) 0.08

Placenta abnormality, n (%) 14 (11.48) 4 (3.28) 3.82 (1.28-10.89) 0.03

Postpartum hemorrhage, n (%) 1 (0.8) 4 (3.28) 0.24 (0.02-1.51) 0.37

Preterm birth, n (%) 3 (2.46) 0 (0) N 0.25

Fetal weight (<2500 g) 35 (28.69) 1 (0.8) 49.08 (8.21-505.90) <0.01
N: defy calculation.

NC PE
0
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P < 0.01

Figure 2: Comparison of IGFBP-2 levels between the PE group and
NC groups.
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insufficient blood volume, and blood viscosity also lead to
microthrombosis in PE pregnant women, thereby aggravat-
ing disorders related to blood circulation [28]. The liver
and kidney function indicators (glutamyl transpeptidase,
aspartate transferase, creatinine, and cystatin C) in the PE
group were increased, which was consistent with the study
by van der Tuuk et al. [29]. The pregnant women with PE
had specific organ damage before they showed significant
hypertension and proteinuria in the early pregnancy. Due
to individual differences and the compensatory phase of
organ damage, imaging and test indicators may still be
within the normal range and not detected easily [30–33].
The combined assessment of risk factors and blood indica-
tors in early pregnancy may play an important role in iden-
tifying high-risk groups for PE.

In the current study, anemia and cesarean section his-
tory were also found to be different between the PE and
NC groups, consistent with previous studies. The highest
relative risk in our study was the history of cesarean sec-
tion. This procedure caused scar uterus, which was prone
to dysplasia of the placental decidua, aggravating the
symptoms of placental ischemia and hypoxia and leading
to spasmodic contraction of small arteries and inducing
PE. Placental tissue changes caused by anemia during preg-
nancy are characterized by dysregulation of the pregnancy-
placental-fetal system and placental tissue ischemia in
response to hypoxia [34]. PE can cause multiple complica-
tions and adverse pregnancy outcomes for both mothers
and babies. In this study, the PE group had an increased risk
of Down’s syndrome, scar uterus, oligohydramnios, and pla-

cental abnormalities (P < 0:05). In addition, the proportion
of low-birth-weight infants in the PE group was considerably
higher in comparison to that in the NC group (P < 0:01).

In addition, in the present study, when IGFBP-2 was
incorporated into the logistic model as a novel factor, the
AUC was 0.897 (95% CI 0.830–0.964) with 86.0% sensitivity
and 84.0% specificity, and the model had a high discrimina-
tory performance for PE (Table 5). This indicates that
plasma IGFBP-2 before 20 weeks of pregnancy may have a
predictive effect on PE. In comparison to the levels of angio-
genic factors or placental hormones in the first trimester, our
model has excellent discriminatory power.

According to a prospective study by Skråstad et al., the
AUC for placental growth factor was 0.63 [35]. Abdelaziz
et al. reported an AUC of 0.57 for soluble endoglin [36]. In
a longitudinal study by Akolekar et al., the AUC values for
placental protein 13 and pregnancy-associated plasma pro-
tein A were 0.82 and 0.87, respectively. According to the
ROC curve, IGFBP-2 is a good biomarker for predicting
the occurrence of preeclampsia in early pregnancy. In this
study, the prediction and diagnosis rates of preeclampsia
were improved to a certain extent by combining high-risk
factors (anemia, cesarean section history), blood routine,
coagulation routine, and liver and kidney function. The
obtained logistic regression model combined with clinical
risk factors prediction: Y = −18:841 − 0:085 × ðIGFBP‐2Þ +
0:630 × ðRDWÞ + 0:165 × ðASTÞ + 0:863 ×MPV.

Nevertheless, the present study has some limitations.
Although many pregnant women were enrolled in our
cohort, the number of women who developed PE was insuf-
ficient, thus limiting the accuracy of our relative risk esti-
mates. In addition, all women in our investigation were

Table 3: Correlation analysis between the plasma IGFBP-2
expression level and clinical index.

r P

UA (μmol/L) -0.18 0.07

CysC (mg/L) -0.05 0.62

AST (U/L) -0.34 <0.01
γ-GT (U/L) -0.13 0.18

TB (μmol/L) -0.03 0.79

PT (s) -0.13 0.19

RBC (1012/L) -0.25 <0.01
HCT (%) -0.14 0.18

RDW (%) -0.31 <0.01
PLT (109/L) -0.11 0.25

MPV (fL) -0.30 <0.01
PCT (%) 0.012 0.91

Table 4: Logistic regression analysis of risk factors for PE.

Risk factor B SE Wald P OR (95% CI)

IGFBP-2 -0.085 0.034 6.141 0.013 0.918 (0.858, 0.982)

RDW 0.630 0.194 10.590 0.001 1.878 (1.285, 2.745)

AST 0.165 0.056 8.756 0.003 1.179 (1.057, 1.315)

MPV 0.863 0.234 13.566 0.001 2.371 (1.498, 3.753)
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Figure 3: ROC curve of single and combined IGFBP-2 in
predicting preeclampsia.
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outcomes that should be validated by a prospective multi-
center clinical study. Since the study’s controls excluded par-
ticipants who had abnormal results, there may have been a
bias with overestimation of discriminatory power. Herein,
we validated only IGFBP-2 levels because it showed the
higher-fold change among the downregulated proteins in
the protein microarray. To further enhance the discrimina-
tory performance, we will substantiate the expression of
the other 24 differentially expressed proteins in subsequent
research.

In conclusion, plasma IGFBP-2 before 20 weeks of preg-
nancy combined with high-risk factors and routine blood
indices has a high early predictive value for preeclampsia.
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Recently, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of coronavirus disease 2019
(COVID-19), has infected millions of individuals worldwide. While COVID-19 generally affects the lungs, it also damages
other organs, including those of the cardiovascular system. Hypertrophic cardiomyopathy (HCM) is a common genetic
cardiovascular disorder. Studies have shown that HCM patients with COVID-19 have a higher mortality rate; however, the
reason for this phenomenon is not yet elucidated. Herein, we conducted transcriptomic analyses to identify shared biomarkers
between HCM and COVID-19 to bridge this knowledge gap. Differentially expressed genes (DEGs) were obtained using the
Gene Expression Omnibus ribonucleic acid (RNA) sequencing datasets, GSE147507 and GSE89714, to identify shared
pathways and potential drug candidates. We discovered 30 DEGs that were common between these two datasets. Using a
combination of statistical and biological tools, protein-protein interactions were constructed in response to these findings to
support hub genes and modules. We discovered that HCM is linked to COVID-19 progression based on a functional analysis
under ontology terms. Based on the DEGs identified from the datasets, a coregulatory network of transcription factors, genes,
proteins, and microRNAs was also discovered. Lastly, our research suggests that the potential drugs we identified might be
helpful for COVID-19 therapy.

1. Introduction

It has been determined that severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), a novel member of
the Coronaviridae family and the class of Pisoniviricetes,
causes mild and severe respiratory diseases in humans
[1–4]. Even though SARS-CoV-2 infections primarily affect
the respiratory tract, they frequently cause heart injuries in
patients with moderate to severe coronavirus disease 2019
(COVID-19), particularly in those with underlying cardio-

vascular diseases [5–7]. Furthermore, growing evidence
demonstrates a link between COVID-19 and increased mor-
tality from heart failure and cardiovascular diseases [8].

Hypertrophic cardiomyopathy (HCM) is one of the most
prevalent inherited heart conditions associated with
angiotensin-converting enzyme 2 (ACE2) deficiency in
patients with heart failure [9, 10]. SARS-CoV-2 binds with
ACE2 and accelerates its degradation, thereby decreasing
its ability to counteract the activity of the renin-
angiotensin system (RAS) protein [11]. Although the present
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results suggested that ACE2 expression increased with ACE
inhibitor treatment in HCM patients’ tissues, they were not
statistically significant [12]. Therefore, understanding the
impact of SARS-CoV-2 infection in patients with HCM
and developing therapeutic drugs that could decrease the
odds of complications or death are essential. However, cur-
rent efforts mainly focus on studying stress cardiomyopa-
thies secondary to COVID-19, such as takotsubo
cardiomyopathy [13, 14]. To date, no bioinformatic research
on the impact of COVID-19 in patients with preexisting
HCM at the molecular level has been reported.

Herein, to bridge the knowledge gap, the cooccurrence of
HCM and COVID-19 was examined using two datasets,
GSE89714 (HCM) and GSE147507 (COVID-19), obtained
from the Gene Expression Omnibus (GEO) database. We
identified the differentially expressed genes (DEGs) in each
dataset and searched for DEGs shared by the two diseases.
These common DEGs, designated as the primary experi-
mental genes, were also used to identify various transcrip-
tional regulators. Then, the hub genes were extracted from
these common DEGs using the specific algorithm in the
Cytoscape programme. Additionally, the hub genes were
used to predict potential therapeutic drugs. Overall, we pre-
dicted four agents that could be potentially therapeutic for
HCM patients with COVID-19.

2. Materials and Methods

2.1. Study Datasets. The National Center for Biotechnology
Information (https://www.ncbi.nlm.nih.gov/geo/) and GEO
databases were used to obtain the COVID-19 and HCM
ribonucleic acid sequencing (RNA-seq) datasets [15]. The
following criteria were used to assess the quality of the eligi-
ble datasets: (1) case-control study; (2) high-throughput
sequencing for expression profiling; (3) comparable experi-
mental and control or untreated conditions; (4) more than
three samples in each group; and (5) complete raw and proc-
essed microarray data was available. The high-throughput
Illumina NextSeq 500 RNA sequencing platform was used
to obtain the transcriptional profiles of lung biopsy samples
from patients with COVID-19 for the GSE147507 [16].
RNA-seq data from heart tissue samples of four participants
without HCM and five participants with HCM are included
in the GSE89714 dataset. The HiSeq 2000 platform was used
for the sequencing experiment. The CuffLinks programme
was employed to assess gene expression. Table 1 summarises
the two datasets.

The cut-off criteria were set at P < 0:05 and ∣logFC ∣ ≥1:0
to identify significant DEGs in each dataset using the
DESEq2 R package. Jvenn online software was used to
obtain the shared DEGs between GSE147507 and
GSE89714 [17]. DEG expression was considered exclusive
between the two datasets if statistically significant differences
existed across different conditions [18].

2.2. Gene Ontology (GO) and Pathway Enrichment Analyses.
Genome enrichment analysis helps determine the chromo-
some positions associated with various interrelated diseases
[19]. We used an online tool, Enrichr (https://maayanlab

.cloud/Enrichr/), to determine the possible molecular path-
ways and mechanisms involving the common DEGs. The
shared pathways between HCM and COVID-19 were exam-
ined using four databases: BioCarta, WikiPathways, Reac-
tome, and Kyoto Encyclopedia of Genes and Genomes
(KEGG). A P value of < 0.05 was used as a standard metric
in quantifying the top-ranked pathways.

2.3. Protein-Protein Interaction (PPI) Network Analysis. The
interaction of different cellular proteins can indirectly reflect
a protein’s functions and roles. Understanding PPI networks
can therefore shed light on how proteins function across the
board in cellular machinery [20–23]. The shared DEGs were
uploaded to the STRING database (https://string-db.org/)
[21] to illustrate potential protein connections between
HCM and COVID-19. The common DEG PPI network
was created using a low confidence score of 0.15. The
obtained PPI network was viewed using Cytoscape software
(v.3.8.0).

2.4. Hub Gene Extraction and Submodule Analysis. Cyto-
hubba, a validated Cytoscape plugin, ranks and extracts cen-
tral or targeted elements based on numerous network
features. Maximal clique centrality is a commonly used algo-
rithm in Cytohubba for analysing networks from various
perspectives [24, 25]. The top 10 hub genes in the obtained
PPI network were identified using this method. Additionally,
we classified the shortest paths between hub genes based on
the calculations from Cytohubba.

2.5. Recognition of Transcription Factors (TFs) and
MicroRNAs (miRNAs). A TF is a protein that binds to gene
elements and regulates gene expression [26]. Candidate
TFs that are topologically connected to mutual DEGs
obtained from the JASPAR database were identified using
the NetworkAnalyst platform, a popular web tool for the
meta-analysis of gene expression data and viewing biological
mechanisms, roles, and gene translation (https://www
.networkanalyst.ca/) [27]. JASPAR provides open-access
profiles of various TFs in six taxonomic groups [28]. In addi-
tion, TarBase and miRTarBase were used to analyse
miRNA-targeted gene interactions to find miRNAs that
potentially influence gene translation [29, 30]. These online
tools can be used by researchers to filter high-degree miR-
NAs and identify the associated biochemical processes and
characteristics to generate the most plausible hypothesis.

2.6. Prediction of Candidate Drugs. Predicting protein-drug
interactions (PDIs) or identifying candidate drug molecules
was a crucial aspect of this study. Enrichr was used to select
potential drug molecules based on the identified DEGs in
HCM and COVID-19 and the Drug Signatures database
(DSigDB). Gene set libraries enabled by Enrichr allow users
to study gene set enrichment at the genome-wide level [31].
Targeted drug substances connected to DEGs were identified
using the DSigDB (https://maayanlab.cloud/Enrichr/) [32].

2.7. Gene and Disease Association Analysis. The DisGeNET
database links various biomedical aspects of medical condi-
tions with gene-disease relations. It focuses on our growing
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understanding of human genetic disorders (https://www
.networkanalyst.ca/) [33]. We used this tool to determine
various diseases related to the common DEGs and their
chronic complications.

3. Results

3.1. Identification of DEGs and Common DEGs. Patients with
COVID-19 exhibited a differential expression of 1,781 genes,
including 1,390 upregulated and 391 downregulated genes
after disease exposure. Similarly, various statistical analysis
techniques were used to rank the DEGs identified for
HCM. All DEGs were identified using a criterion of P <
0:05 and ∣logFC ∣ ≥1. Using the Jvenn online platform, 30
common DEGs were identified between the two datasets
(Figure 1). There was a close relationship between the two
diseases as they shared several genes [34].

3.2. GO and Pathway Enrichment Analyses. Using Enrichr,
GO and pathway enrichment analyses were performed.
Table 2 summarises the top 10 GO terms in the biological
processes, molecular functions, and cellular component cat-
egories. DEGs are listed in increasing order based on P
value. Figure 2 summarises the linear comparison of the
overall ontological analysis of each category. An organism’s
active pathways reveal how it responds to its inherent mod-
ifications. It illustrates the interaction between diseases
through basic molecular processes [35]. We examined four
global databases, KEGG, WikiPathways, Reactome, and Bio-
Carta, to determine the most important pathways involving
the DEGs common to HCM and COVID-19. Table 3 sum-
marises the critical pathways identified based on the exam-

ined datasets. Pathway enrichment analysis was performed
on the datasets (Figure 3). DEGs are listed in increasing
order based on P value. A P value of < 0.05 was used to
determine the top functional items and pathways.

3.3. Classification of Hub Proteins and Submodules. We pre-
dicted the interaction of DEGs by analysing the STRING PPI
network using Cytoscape. The PPI network constructed
using the common DEGs comprised 30 nodes and 124 edges
(Figure 4). Additionally, most of the interconnected nodes in
the PPI network were identified as hub genes. Using the
Cytohubba plugin, the top 10 DEGs were considered hub
genes. This gene list includes thrombospondin 2 (THBS2),
biglycan (BGN), collagen type I alpha 2 chain (COL1A2),
actin alpha 2 (ACTA2), myosin heavy chain 11 (MYH11),
adipocyte enhancer-binding protein 1 (AEBP1), immuno-
globulin superfamily containing leucine-rich repeat (ISLR),
frizzled-related protein (FRZB), microfibril-associated pro-
tein 4 (MFAP4), and lysyl oxidase homolog 1 (LOXL1).
These hub genes might be used as biomarkers to identify dis-
eases and develop new therapeutic approaches. To compre-
hend the connections between the hub genes, we also
constructed a submodule network using the Cytohubba plu-
gin (Figure 5).

3.4. Determination of Regulatory Signatures. There is a
network-based approach to identify the transcriptional
changes, identify the regulatory TFs and miRNAs, and gain
insights into the molecules that regulate hub proteins or
common DEGs. Figure 6 illustrates the interactions between
the regulatory TFs and DEGs. Figure 7 illustrates the inter-
actions between miRNA regulators and DEGs. According
to the analyses of the TF-gene and miRNA-gene interaction
networks, 41 TFs and 19 posttranscriptional miRNA signa-
tures regulated more than one DEG, proving that they
actively competed with one another.

3.5. Prediction of Candidate Drugs. Understanding the fac-
tors responsible for receptor sensitivity requires an assess-
ment of PDIs [36, 37]. We used Enrich to identify four
potential drug molecules for HCM and COVID-19 provided
by DSigDB. Based on the P value, the top four candidate
compounds were extracted. Table 4 lists the most effective
drugs identified.

3.6. Determination of Disease Association. Similarities in
gene expression between the two conditions can be used to
infer disease association and correlation [36, 37]. The first
step toward developing therapeutic intervention strategies
for diseases is identifying gene-disease relationships [38].
We found that degenerative polyarthritis, hyperkyphosis,
and platyspondyly were highly correlated with the hub genes

Table 1: A description of the two datasets with their GEO information.

Disease name GEO accession GEO platform Total DEG count Upregulated DEG count Downregulated DEG count

SARS-CoV-2 GSE147507 GPL18573 1781 1390 391

HCM GSE89714 GPL11154 207 134 73

Abbreviations: GEO: Gene Expression Omnibus; DEGs: differentially expressed genes; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; HCM:
hypertrophic cardiomyopathy.

1751

GSE147507 GSE89714

30 177

Figure 1: Ribonucleic acid sequencing datasets for hypertrophic
cardiomyopathy (HCM) (GSE89714) and coronavirus disease
2019 (COVID-19) (GSE147507) were used in this study. The
integrated analysis identified 30 differentially expressed genes
shared between COVID-19 and HCM.
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of HCM and COVID-19 (Figure 8). These conditions are
complex and multifactorial. Its pathophysiology is influ-
enced by alterations in cell structure, barriers, and environ-
mental factors.

4. Discussion

HCM is a common genetic cardiovascular disease that may
lead to heart failure. SARS-CoV-2 also infected cardiac cells
expressing ACE2, thereby advancing heart failure [39]. Indi-
viduals with cardiomyopathy are at high risk of SARS-CoV-
2 infection. Herein, we identified molecular targets that

could serve as COVID-19 biomarkers. Additionally, these
markers might provide crucial details about how they con-
tribute to diseases and conditions. In biomedicine and sys-
tems biology research, the expression profiling of high-
throughput sequencing data is useful for identifying poten-
tial biomarkers [40]. Recently, RNA-seq, a new sequencing
method, has significantly improved our ability to examine
gene fusions, mutations/single nucleotide polymorphism
posttranscriptional modifications, and differential gene
expression analyses [41]. As advances in high-throughput
sequencing technologies are made, it is becoming more chal-
lenging to cope with the increasing bioinformatics data

Table 2: Gene ontology analysis of common differentially expressed genes between hypertrophic cardiomyopathy and coronavirus disease
2019.

Category GO ID Term P values Genes

GO biological
process

GO:0006939 Smooth muscle contraction 1.10E-06 ACTA2, EDNRA, and MYH11

GO:0014829
Vascular-associated smooth muscle

contraction
6.06E-05 ACTA2, EDNRA

GO:0048251 Elastic fiber assembly 6.06E-05 MFAP4, MYH11

GO:0030198 Extracellular matrix organization 7.69E-05 COL1A2, BGN, CYP1B1, TIMP1, and LOXL1

GO:0046466 Membrane lipid catabolic process 9.71E-05 ENPP2, CYP1B1

GO:0042310 Vasoconstriction 0.000118625 ACTA2, EDNRA

GO:0097435 Supramolecular fiber organization 0.000160702 MFAP4, COL1A2, CYP1B1, MYH11, and LOXL1

GO:0030199 Collagen fibril organization 0.000317018 COL1A2, CYP1B1, and LOXL1

GO:0085029 Extracellular matrix assembly 0.000588116 MFAP4, MYH11

GO:0055013 Cardiac muscle cell development 0.000588116 MYH11, MYLK3

GO molecular
function

GO:0005105
Type 1 fibroblast growth factor

receptor binding
0.007478193 FGF18

GO:0005111
Type 2 fibroblast growth factor

receptor binding
0.007478193 FGF18

GO:0004528 Phosphodiesterase I activity 0.007478193 ENPP2

GO:0101020
Estrogen 16-alpha-hydroxylase

activity
0.011939153 CYP1B1

GO:0002020 Protease binding 0.013479908 COL1A2, TIMP1

GO:0048407
Platelet-derived growth factor

binding
0.016380734 COL1A2

GO:0031432 Titin binding 0.019331061 ANKRD1

GO:0008191
Metalloendopeptidase inhibitor

activity
0.020803015 TIMP1

GO:0042288 MHC class I protein binding 0.025206075 TUBB4B

GO:0031690 Adrenergic receptor binding 0.025206075 ARRDC3

GO cellular
component

GO:0062023
Collagen-containing extracellular

matrix
6.41E-08

MFAP4, COL1A2, ABI3BP, BGN, PLAT, AEBP1,
THBS2, and LOXL1

GO:0031091 Platelet alpha granule 0.000327618 ISLR, TIMP1, and THBS2

GO:0034774 Secretory granule lumen 0.001211585 C3, ISLR, TIMP1, and TUBB4B

GO:0005775 Vacuolar lumen 0.001772031 C3, BGN, and TUBB4B

GO:0031093 Platelet alpha granule lumen 0.004526565 ISLR, TIMP1

GO:0071953 Elastic fiber 0.007478193 MFAP4

GO:0035578 Azurophil granule lumen 0.008026254 C3, TUBB4B

GO:0005788 Endoplasmic reticulum lumen 0.008747528 C3, COL1A2, and TIMP1

GO:0001527 Microfibril 0.016380734 MFAP4

GO:0005859 Muscle myosin complex 0.022272833 MYH11

4 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

obtained using traditional biological methods. All these lim-
itations may be solved by approaches with artificial intelli-
gence [42].

In this study, our transcriptome analyses revealed that 30
DEGs share similar expression patterns between HCM and
COVID-19. GO pathway analysis was performed to obtain
insights into the biological significance of the common
DEGs in disease progression The smooth muscle contrac-
tion pathway and vascular-associated smooth muscle con-
traction pathway were among the top GO terms identified
for the biological process. There is a strong correlation

between smooth muscle contraction and SARS-CoV-2 infec-
tion, according to several studies. Dysfunction endothelial
cells prevent the release of adequate nitrogen oxide (NO),
causing smooth muscle constriction [43] and reducing the
cells’ ability to neutralise reactive oxygen species and release
NO [44, 45]. The top two GO pathways identified in the
molecular function category are types 1 and 2 fibroblast
growth factor (FGF) receptor binders. Cardiac hypertrophy
in the postnatal period has been linked to the FGF family,
and activating mutations in FGF receptor-1 have been
shown to cause HCM [46]. The release of proinflammatory

Vascular associated smooth muscle contraction (GO:0014829)

Smooth muscle contraction (GO:0006939)

Elastic fiber assembly (GO:0048251)

Membrance lipid catabolic process (GO:0046466)

Vasoconstriction (GO:0042310)

Supramolecular fiber organization (GO:0097435)

Extracellular matrix organization (GO:0030198)

Collagen fibril organization (GO:0030199)

Extracellular matrix assembly (GO:0085029)

Cardiac muscle cell development (GO:0055013)

(a)

Type 1 fibroblast growth factor receptor binding (GO:0005105)

Type 1 fibroblast growth factor receptor binding (GO:0005111)

Phosphodiesterase I activity (GO:0004528)

Estrogen 16-alpha- hydroxylase activity (GO:0101020)

Protease binding (GO:0002020)

Platelet-derived growth factor binding (GO:0048407)

Titin binding (GO:0031432)

Metalloendopeptidase inhibitor activity (GO:0008191)

Adrenergic receptor binding (GO:0031690)

MHC class I proten binding (GO:0042288)

(b)

Muscle myosin complex (GO:0005859)

Collagen-containing extracellular matrix (GO:0062023)

Azurophil granule lumen (GO:0035578)

Endoplasmic reticulum lumen (GO:0005788)

Microfibril (GO:0001527)

Platelet alpha granule (GO:0031091)

Vacuolar lumen (GO:0005775)

Elastic fiber (GO:0071953)

Platelet alpha granule lumen (GO:0031093)

Secretory granule lumen (GO:0034774)

(c)

Figure 2: Gene ontology analysis of common differentially expressed genes shared between hypertrophic cardiomyopathy and coronavirus
disease 2019 was performed using Enrichr. Terms were evaluated by categories: (a) biological processes, (b) molecular function, and (c)
cellular components.
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Table 3: Pathway enrichment analysis of common differentially expressed genes between hypertrophic cardiomyopathy and coronavirus
disease 2019.

Category Pathways P values Genes

WikiPathways
human

IL-18 signaling pathway WP4754 4.84E-05
ACTA2, BTG2, COL1A2,

TIMP1, and IER3

Endochondral ossification with skeletal dysplasias WP4808 0.000119283 FRZB, FGF18, and PLAT

Endochondral ossification WP474 0.000119283 FRZB, FGF18, and PLAT

miR-509-3p alteration of YAP1/ECM axis WP3967 0.000291693 EDNRA, THBS2

miRNA targets in ECM and membrane receptors WP2911 0.000493146 COL1A2, THBS2

Focal adhesion-PI3K-Akt-mTOR-signaling pathway WP3932 0.00103726
COL1A2, FGF18, THBS2,

FGF12

PI3K-Akt signaling pathway WP4172 0.001585899
COL1A2, FGF18, THBS2, and

FGF12

Focal adhesion WP306 0.003186561 COL1A2, THBS2, and MYLK3

Complement and coagulation cascades WP558 0.003412595 C3, PLAT

Genotoxicity pathway WP4286 0.004013249 ACTA2, BTG2

BioCarta

Inhibition of matrix metalloproteinases h reckPathway 0.011939153 TIMP1

BTG family proteins and cell cycle regulation h btg2Pathway 0.013421829 BTG2

Alternative complement pathway h alternativePathway 0.014902355 C3

Lectin induced complement pathway h lectinPathway 0.019331061 C3

Platelet amyloid precursor protein pathway h plateletAppPathway 0.020803015 PLAT

Classical complement pathway h classicPathway 0.022272833 C3

Fibrinolysis pathway h fibrinolysisPathway 0.022272833 PLAT

Beta-arrestins in GPCR desensitization h bArrestinPathway 0.041187484 EDNRA

Activation of cAMP-dependent protein kinase, PKA h gsPathway 0.042627715 EDNRA

Role of Beta-arrestins in the activation and targeting of MAP kinases h
barr-mapkPathway

0.044065855 EDNRA

KEGG 2019
human

Vascular smooth muscle contraction 4.48E-05
ACTA2, EDNRA, MYH11, and

MYLK3

Apelin signaling pathway 0.001114898 ACTA2, PLAT, and MYLK3

Phagosome 0.001503079 C3, THBS2, and TUBB4B

Focal adhesion 0.003324312 COL1A2, THBS2, and MYLK3

Regulation of actin cytoskeleton 0.004174068 FGF18, MYH11, and MYLK3

Calcium signaling pathway 0.005454596 EDNRA, FGF18, and MYLK3

Complement and coagulation cascades 0.007187738 C3, PLAT

ECM-receptor interaction 0.007685775 COL1A2;,THBS2

Platelet activation 0.014809355 COL1A2, MYLK3

PI3K-Akt signaling pathway 0.015674766 COL1A2, FGF18, and THBS2

Reactome

Extracellular matrix organization R-HSA-1474244 5.84E-05
MFAP4, COL1A2, BGN,
TIMP1, and LOXL1

Smooth muscle contraction R-HSA-445355 0.0011157 ACTA2, MYH11

Elastic fiber formation R-HSA-1566948 0.001719859 MFAP4, LOXL1

Signaling by PDGF R-HSA-186797 0.002034436
FGF18, PLAT, THBS2, and

IER3

Assembly of collagen fibrils and other multimeric structures R-HSA-
2022090

0.002965286 COL1A2, LOXL1

Muscle contraction R-HSA-397014 0.003096721 ACTA2, MYH11, and FGF12

PI5P, PP2A, and IER3 regulate PI3K/AKT signaling R-HSA-6811558 0.006864228 FGF18, IER3

Collagen formation R-HSA-1474290 0.007187738 COL1A2, LOXL1

Diseases of glycosylation R-HSA-3781865 0.007685775 BGN, THBS2

Negative regulation of the PI3K/AKT network R-HSA-199418 0.008026254 FGF18, IER3
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IL-18 signaling pathway WP4754

Endochondral ossification with skeletal dysplasias WP4808

Endochondral ossification WP474

miR-509-3p alteration of YAP1/ECM axis WP3967

miRNA targets in ECM and membrane receptors WP2911

Focal adhesion-P13K-Akt-mTOR-signaling pathway WP3932

P13K-Akt- signaling pathway WP4172

Focal adhesion WP306

Complement and coagulation cascades WP558

Genotoxicity pathway WP4286
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Figure 3: Pathway enrichment analysis of the common differentially expressed genes between hypertrophic cardiomyopathy and
coronavirus disease 2019 was performed using Enrichr. Different databases were used in the analysis: (a) WikiPathways, (b) BioCarta, (c)
Reactome, and (d) Kyoto Encyclopedia of Genes and Genomes 2019 human database.
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cytokines, such as interleukin- (IL-) 9, IL-10, type 1 FGF,
and type 2 FGF, was found in excessive and uncontrolled
quantities in critically ill COVID-19 patients [47]. These
cytokines are considered valuable biomarkers for evaluating
disease progression and potential biological therapeutic tar-
gets currently being investigated. In the cellular component
category, the top GO terms identified using the common
DEGs were collagen-containing extracellular matrix (ECM)
and platelet alpha granule. Similarly, the Reactome analysis
of the DEGs was mainly enriched in ECM organization (R-
HSA-1474244), smooth muscle contraction (R-HSA-
445355), and elastic fiber formation (R-HSA-1566948). The
ECM comprises fibrillar structures that are made of collagen.
Cardiorespiratory disease has been linked to collagen dys-
function [48].

We developed a PPI network based on the identified
DEGs to understand how proteins behave biologically and
predict potential drug targets. Herein, we used the topologi-
cal metric (i.e., degree) to identify hub proteins that could
serve as COVID-19 potential drug targets or biomarkers
and could be linked to various pathological and cellular
mechanisms. Most of the top hub proteins identified are
associated with HCM and COVID-19 risk factors. These dis-
eases have been linked to ten hub-protein products, includ-
ing THBS2, BGN, COL1A2, ACTA2, MYH11, AEBP1,
ISLR, FRZB, MFAP4, and LOXL1. In this study, a cut-off
parameter of 12 degrees was used to identify hub proteins.
Cardiorespiratory diseases are significantly impacted by the
THBS family of proteins. The effects of circular RNA knock-
down on the growth, migration, and necrosis of lung cancer
cells are reversed by the overexpression of THBS2, a miR-
590-5 target [49]. Additionally, this gene was linked to ade-
novirus infection [50] and could function as one of COVID-
19’s possible therapeutic targets. Meanwhile, THBS1 and
COL1A1 are genes involved in cardiac remodelling, a hall-
mark of cardiac hypertrophy [51]. Lastly, BGN ubiquitously

exists in the intestinal ECM; thus, BGN could potentially
serve as a therapeutic target for HCM patients with
COVID-19.

Herein, the TF-gene and miRNA interactions were also
analysed to identify potential transcriptional regulators of
the common DEGs. TFs and miRNAs regulate gene expres-
sion and posttranscriptional RNA silencing, two processes
that are crucial to understanding disease development. We
discovered connections between the common DEGs, TFs,
and miRNAs. The identified TFs, such as the GATA-
binding factor 2, histone H4 TF, TF AP-2 alpha, nuclear fac-
tor kappa B subunit 1, BGN, and forkhead box C 1, were
found to relate to diffident types of developmental and
hereditary diseases. Moreover, most of the miRNAs involved
in various cancer types (e.g., hsa-mir-29c-3p, hsa-mir-1-3p,
and hsa-mir-128-3p) [52–54] and immunity disorders (e.g.,
hsa-mir-129-2-3p, hsa-mir-16-5p, hsa-mir-182-5p, hsa-
mir-27b-3p, and hsa-mir-124-3p) [55–59], as well as TFs
related to the corresponding genes, target major proteins to
alter their role in disease progression. For example, hsa-
mir-29c-3p, hsa-mir-1-3p, and hsa-mir-129-2-3p have been
found to target THBS2 [52, 53, 55]. Four miRNAs that we
predicted—hsa-mir-376a-5p, hsa-mir-30a-5p, hsa-mir-23b-
3p, and hsa-mir-27a-5p—were found to be associated with
various HCM-related genes [60–63]. Many of the miRNAs
identified are linked to several cancer types, especially lung
cancer.

The DEGs and their relation to various diseases were
analysed using a gene-disease analysis. Our findings for
COVID-19 revealed the involvement of several diseases,
such as lung cancer, cardiovascular diseases, blood disorders,
liver ailments, and blood coagulation disorders. According
to some reviews, SARS-CoV-2 could exacerbate the patho-
logical process of degenerative osteoarthritis. ACE2 expres-
sion, RAS imbalances, inflammation, and dysfunction at
the molecular level have been suggested as the causative fac-
tors [64]. Based on the aforementioned reports, we speculate
that systemic inflammation and ischaemia could aggravate
cardiac injury in patients with HCM. Hence, anti-
inflammatory therapy is particularly important for patients
with COVID-19 and HCM.

Herein, we identified dasatinib, a tyrosine kinase inhibi-
tor used for leukaemia. Previous reports predicted that dasa-
tinib could inhibit the binding of SARS-CoV-2 spike protein
to ACE2 [65]. However, dasatinib has not yet been previ-
ously reported as a treatment option for patients with
HCM. By boosting the activation of the mammalian target
of rapamycin complex 2, rapamycin, another drug candidate
discovered, may be used to reduce inflammation in patients
with heart disease [66]. Meanwhile, another drug, decita-
bine, could increase neoantigen expression to enhance T
cell-mediated toxicity against glioblastoma [67]. Testoster-
one enanthate replacement therapy is commonly used in
patients with low testosterone [68]. Additionally, testoster-
one administration helps suppress the inflammatory
response [69] and modulates the immune response, which
would be more significant in female patients. We witnessed
the first case of corticosteroid and tocilizumab application
in reversing the severely reduced left ventricular systolic

Figure 4: Protein-protein interaction (PPI) network of common
differentially expressed genes (DEGs) between hypertrophic
cardiomyopathy and coronavirus disease 2019. The circular nodes
represent the DEGs, while the edges represent their interactions.
The PPI network has 30 nodes and 124 edges.
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function due to myocardial depression caused by COVID-19
[70]. This partially demonstrates the clinical viability of
our candidate drugs in patients with HCM and paves the
way for future pharmaceutical studies. Although we could
identify candidate drugs based on our bioinformatics anal-
yses, the findings are also limited in that no experiments
or further analytical validation were performed on the data
obtained. These reasons could lead to unreliable and

imprecise conclusions. Thus, further experiments or clini-
cal trials are necessary to validate their effectiveness and
safety.

5. Conclusions

As the COVID-19 vaccine becomes more widely used, more
side effects are being reported [71]. Despite the ongoing
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Figure 7: An interconnected network of differentially expressed genes and microRNAs (miRNAs). The circular node represents miRNAs,
while the square nodes represent the interaction between genes and miRNAs.

Table 4: The candidate drugs for hypertrophic cardiomyopathy and coronavirus disease 2019.

Name P value Chemical formula Structure

Dasatinib CTD 00004330 2.22E-06 C22H26ClN7O2S

Rapamycin CTD 00007350 2.09E-04 C51H79NO13

Decitabine CTD 00000750 0.001005467 C8H12N4O4

Testosterone enanthate CTD 00000155 0.001963753 C26H40O3

10 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

development of numerous COVID-19 vaccines, mutant
SARS-CoV-2 strains continue to appear. According to this
study’s bioinformatics analysis, the 10 most important genes
that HCM and COVID-19 have in common are THBS2,
BGN, COL1A2, ACTA2, MYH11, AEBP1, ISLR, FRZB,
MFAP4, and LOXL1. Each of these hub genes is essential
for various functional mutation developments. Therefore,
we used transcriptomic analysis to identify shared pathways
and molecular biomarkers between HCM and COVID-19,
which could aid in COVID-19 vaccine development and
the discovery of novel therapeutic targets.
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Purpose. To probe the property of serum uric acid in evaluating the activity of patients with thyroid-associated ophthalmopathy.
Methods. A total of 443 patients with TAO admitted to our hospital from March 2016 to February 2021 were selected for the
observation group. Simultaneously, 443 healthy subjects were selected for the control group. The observation group was
divided into the active group (n = 254) and the inactive group (n = 189) according to the clinical activity score (CAS). Besides,
the patients were divided into mild group (n = 201), moderate severe group (n = 133) and extremely severe group (n = 109)
based on the severity of TAO. Serum uric acid, free triiodothyronine (FT3), free thyroid hormone (FT4), thyrotropin
stimulating hormone (TSH) and glycosylated hemoglobin (HbA1c) levels were detected and analyzed in each group. Results.
Serum UA, FT3, FT4, TSH and HbA1c in the active group were significantly enhanced than those in the other two groups
(P < 0:05), and there was no significant difference between the inactive group and the control group (P > 0:05). In different
disease severity groups, the serum UA level of patients in the active group was significantly promoted than that in the inactive
group and control group (P < 0:05) and was decreased successively in extremely severe group, moderate severe group and mild
group, with statistical significance (P < 0:05). Pearson’s analysis showed that UA was positively correlated with FT3, FT4, and
HbA1c (r = 0:652, P = 0:031; r = 0:571, P = 0:042; r = 0:737, P = 0:024), while was reversely correlated with TSH level
(r = −0:137, P = 0:262). There was no correlation between UA and FT3, FT4, and HbA1c levels in the inactive group. UA
detection showed the average sensitivity and specificity of TAO activity were 94.3% and 85.2%, respectively. There was no
significant correlation between the severity of disease and serum UA in inactive patients (P = 0:135). There was a positive
correlation between the severity of disease and serum UA in active patients (P = 0:005). Conclusion. UA may be used as a
laboratory indicator for quantitative clinical diagnosis of thyroid-associated ophthalmopathy (TAO) and as a parameter for the
presence of TAO activity.

1. Introduction

Thyroid-associated ophthalmopathy (TAO) belongs to one
of the most common orbital diseases, with the highest mor-
bidity in adults. It is generally considered to be an organ-
specific autoimmune disease associated with thyroid dys-
function [1]. Its clinical manifestations are mainly eyeball
protrusion, contracture of upper eyelid, diplopia, strabismus,
optic nerve damage, and so on [2]. The course of TAO is
divided into two stages: active phase and quiescent phase
[3]. Due to the fact that different treatment methods need

to be adopted at different stages of the disease, it is of great
significance to evaluate the activity of eye disease for the
selection of treatment methods and estimation of prognosis.
At present, the evaluation of TAO activity is mainly based
on the symptoms and signs of patients, as well as imaging
examination, which is easily affected by subjective factors
such as patients themselves and ophthalmologists’ work
experience [4]. Recently, the study of laboratory parameters
on TAO activity has made some progress, and it has been
reported that urinary glycosaminoglycan (uGAG) and
serum uric acid (sUA) play important roles in the evaluation
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of TAO activity [5, 6]. UA is the final product of the purine
metabolism in the human body [7]. sUA levels indicate the
balance between the metabolic breakdown of purine nucleo-
tides and UA excretion [8]. sUA levels are considered an
independent predictor for metabolic syndrome [9]. How-
ever, diverse reports have different conclusions, and the
examination method is time-consuming, making it difficult
to be routinely applied.

In this study, 443 patients with TAO treated in our hos-
pital were carried on detecting the content of sUA, for the
sake of exploring the role of sUA in the evaluation of activity
of TAO patients.

2. Clinical Data and Methods

2.1. General Clinical Data. A total of 443 patients including
233 males and 210 females with TAO admitted to our hospi-
tal from March 2016 to February 2021 were selected as the
observation group, and 443 healthy people including 225
males and 218 females were chosen as the control group
during the same period. All patients obtained informed con-
sent, and the research was reviewed and approved by the
medical ethics committee of hospital. The following are the
inclusion criteria: (1) The diagnostic criteria of TAO were
met. (2) Informed consent was signed by both patients and
their families and approved by the hospital’s medical ethics
committee. (3) There are no conscious disorders and mental
disorders. (4) Thyroid function in all patients was within
normal range. (5) The intraocular pressure of patients was
within a normal range. The following are the exclusion cri-
teria: (1) The presence of internal diseases affecting SUA
levels, such as primary gout, malignant tumor, kidney dis-
ease, diabetes, and blood diseases; (2) age < 20 or >75 years
old; (3) having autoimmune thyroiditis and secondary
hyperthyroidism; and (4) pregnant and lactating women.

2.2. Methods

2.2.1. Blood Sample Collection. All subjects fasted for 12 h
before blood collection, strictly controlled their diet for 1
week before blood collection, and did not eat food with great
influence on blood lipid and uric acid. All subjects were col-
lected 5mL fasting venous blood in the morning after enroll-
ment. Among them, patients in the observation group were
added with methylimidazole or propylthiouracil, and their
blood was collected again after thyroid function was normal.
The blood samples were centrifuged at 3000 r/min for
10min with an effective centrifugation radius of 6 cm. The
serum was routinely separated and stored in a 20°C refriger-
ator for testing.

2.2.2. Measurements of Blood Glucose and Blood Lipid Levels.
Fasting blood glucose (FBG), total cholesterol (TC), triglycer-
ide (TG), high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C) were assessed
by the Hitachi 7600 automatic biochemical analyzer.

2.2.3. Determination of Thyroid Hormone and Blood Uric
Acid Levels. Levels of serum free triiodothyronine (FT3), free
thyroxine (FT4), thyrotropin stimulating hormone (TSH),

and glycosylated hemoglobin (HbA1c) in both groups were
detected by electrochemiluminescence immunoassay (Roche,
Cobas E601). The serum uric acid levels of the two groups
were determined by uric acid oxidase-peroxidase method.

2.2.4. TAO Subgroups. Patients in the observation group were
divided into two groups according to the difference in clinical
activity score (CAS) [10]. If CAS score reached 4, patients were
selected in the active stage; otherwise, patients were in the
inactive stage. Among which, 254 cases were in the active stage
and 189 cases were in the inactive stage. Meanwhile, the
patients were divided into the mild group (n = 201), the mod-
erate severe group (n = 133), and the extremely severe group
(n = 109) according to the severity of TAO. TAO has three
levels of severity: mild, moderate-severe, and very severe
(threatening vision). Based on one or more of the following:
mild or sufficient interference with daily life, eyelid pullback
≥ 2mm, soft tissue involvement, higher than normal, unstable
or persistent diplopia ≥ 3mm, corneal contact lubricant reac-
tion, thyroid dysfunction optic neuropathy, and/or corneal
rupture. After statistical analysis, there was no significant dif-
ference in age, gender and other general clinical data of each
group, which was comparable.

2.3. Statistical Analysis. SPSS21.0 was used for data analysis.
The assessment data of FBG, TC, TG, HDIL-C, LDL-C, FT3,
FT4, TSH, and blood uric acid levels in the two groups were
in line with normal distribution by a normality test and were
described by Z ± S. A group t-test was used for intergroup
comparison, and a paired t-test was used for intragroup
comparison. Correlation was analyzed by Pearson’s correla-
tion analysis. The test standard α = 0:05; P < 0:05 was statis-
tically significant.

3. Results

3.1. Comparison of UA, FT3, FT4, TSH, and HbA1c between
the CAS Group and Control Group. As indicated in Figure 1,
serum UA, FT3, FT4, TSH, and HbA1c in the active group
were significantly elevated than those in the other two
groups (P < 0:05), and there was no statistical significance
between the inactive group and the control group (P > 0:05).

3.2. Comparison of UA Levels between Patients with Different
Degree of Disease and CAS Stage and Control Group. As
revealed in Table 1, in the groups of different severity of dis-
ease, serum UA level in the active patients was significantly
promoted than that in the inactive patients and the control
group (P < 0:05), and was decreased successively in the
extremely severe group, the moderate severe group and the
mild group, with statistical significance (P < 0:05).

3.3. Correlation between UA and FT3, FT4, TSH, and HbA1c
in the CAS Group. As unveiled in Figure 2, Pearson’s analysis
uncovered that UA was positively correlated with FT3, FT4,
and HbA1c ðr = 0:652, P = 0:031 ; r = 0:571, P = 0:042 ; r =
0:737, P = 0:024Þ, whereas was inversely correlated with
TSH level (r = −0:137, P = 0:262). UA in the inactive group
had no correlation with FT3, FT4, and HbA1c levels.
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3.4. OC Curve Analysis of UA in TAO Patients. As shown in
Figure 3, the area of UA under ROC curve in TAO patients
was 0.941. The average sensitivity and specificity of UA were
94.3% and 85.2%, respectively. The activity of 443 patients
with TAO matched the diagnosis of 402 cases.

3.5. Correlation Analysis between the Disease Severity of
Active Period and UA. As demonstrated in Table 2, there
was no significant correlation between the severity of disease
and serum UA in inactive patients (P = 0:135). There was a
positive correlation between the severity of disease and
serum UA in active patients (P = 0:005).

4. Discussion

TAO is an autoimmune disease of which thyroid and orbital
tissues produce common antigens leading to T cells and
cytokine-mediated autoimmune reactions, characterized by
infiltration of lymphocytes and plasma cells, stimulation of
proliferation of orbital fibroblasts, and secretion of GAG

accumulation in orbit, that is, secretory deposition and tissue
edema (inflammatory active phase), and in the later stage,
fibrogenesis (quiescent phase). Due to the accumulation of
a large number of hydrophilic macromolecular substances,
aminoglucosan results in extraocular muscle edema, thereby
increasing the pressure behind the eye, and results in the
eyeball protrusion of patients. Moreover, limited extraocular
muscle activity due to edema causes a series of symptoms,
such as diplopia, extraocular muscle contracture, corneal
exposure, and eye movement disorders with eyelids unable
to close [11–13].

TAO is a wasting disease. Patients in the active stage are
in a high metabolic state for a long time and consume more
adenosine triphosphate (ATP) than normal people, leading
to the increased production of uric acid. It can be seen from
the pathway of purine metabolism that ATP participates in
the process of uric acid metabolism. ATP metabolism will
form ADP or AMP. Under normal conditions, the rates of
AMP synthesis and decomposition are similar, so that the
daily uric acid production is constant. If the body occurs
hypermetabolic states such as hyperthyroidism, ATP will
be consumed in large quantities, resulting in the production
of AMP and increased production of uric acid, thus causing
inflammation in the body. As reported previously, the ocular
deposition of GAG in TAO patients is mainly HA [14]. TAO
patients not only have glycosaminoglycan deposition in
orbital tissues but also have increased blood and uric acid
levels. Therefore, serum UA was selected as the measure-
ment index in this study. Recently, UA is closely associated
with thyroid dysfunction [15]. In a recent cross-sectional
study, UA has a positive correlation with thyroid nodules
[16]. Moreover, various studies have found that the change
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Figure 1: Comparison of UA, FT3, FT4, TSH, and HbA1c between the CAS group and control group.

Table 1: Comparison of UA levels between CAS stage patients with
different disease severity and control group.

Groups n Inactive period Active period

Control group 443 271:82 ± 60:45
Mild group 201 279:46 ± 62:67 294:33 ± 65:33
Moderate severity group 133 302:21 ± 72:44 325:43 ± 71:55
Severity group 109 327:59 ± 68:48 372:25 ± 63:45
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of serum uric acid level is related to the incidence and mor-
tality of diabetes, cardiovascular diseases, renal diseases, and
various clinical syndromes [17, 18]. Hyperuricemia is also an
important component of metabolic syndrome [19, 20]. It has

been reported that sUA in the TAO group is higher than
that in healthy age- and sex-matched volunteers [21]. Con-
sistently, the results in this research unmasked that the con-
centration of UA in the active TAO group was significantly
enhanced than that in the static TAO group and the normal
control group (P < 0:05), which was 2.38 times of that in the
static TAO group and 2.80 times of that in the normal con-
trol group. Furthermore, there was no significant difference
of serum UA concentration between the static TAO group
and the normal control group (P > 0:05), which was in line
with the existing research views [22, 23]. This indicated that
patients in the active TAO group had inflammation in eyelid
and thyroid, and UA production rate could be increased.
However, serum UA expression of patients in the inactive
TAO group was normal, which may be related to the fade
of inflammatory cell infiltration during this period. This
study also proved that in the groups of different severity of
disease, serum UA level in the active patients was signifi-
cantly increased than that in the control group and was
decreased successively in the extremely severe group, the
moderate severe group, and the mild group (P < 0:05). These
results mirrored that the more severe condition of active
TAO patients, the higher the serum UA expression level
was. For active TAO patients, the degree of illness can affect
the expression of UA. In this paper, correlation analysis sug-
gested that there was a significant positive correlation
between the severity of disease and serum UA expression
in active patients (P = 0:005). As we know, FT3, FT4, and
HbA1c are important indexes for assessing thyroid function
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Figure 3: OC curve analysis of UA in TAO patients.

Table 2: Correlation analysis between the disease severity of active
period and UA.

Project
UA

r P

Inactive patient severity 0.102 0.135

Active patient severity 0.695 0.005
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[24]. In our study, we found that UA in active patients was
positively correlated with FT3, FT4, and HbA1c ðr = 0:652,
P = 0:031 ; r = 0:571, P = 0:042 ; r = 0:737, P = 0:024Þ, while
it was negatively correlated with TSH level ðr = −0:137, P =
0:262Þ. However, inactive patients had no such correlation
(P = 0:135), and UA in the inactive group had no correlation
with FT3, FT4, and HbA1c levels (P > 0:05), which was con-
sistent with existing research views. This indicated that the
UA level was increased with the aggravation of disease dur-
ing active TAO period.

The two most basic indicators of diagnostic value are
sensitivity and specificity. ROC curve can evaluate the effi-
ciency of a test from these two aspects and directly reflect
the area under the curve, which is convenient for compari-
son between different methods. The area under ROC curve
is used to evaluate the accuracy of the diagnostic experiment.
According to Swets criteria, the area below 0.5 indicates that
the experiment has no diagnostic value, the area between 0.5
and 0.7 has a low accuracy, the area between 0.7 and 0.9 has
a certain accuracy, and the area > 0:9 has a high accuracy.
This paper showed that the area of UA under the ROC curve
was 0.941, suggesting that all UA indicators had high diag-
nostic value.

This study has some limitations: the sample size of is
small, and the current results can only draw preliminary
conclusions. In the near future, the sample size should be
expanded and the detailed group studies should be con-
ducted to explore the dose-response relationship.

Above all, UA levels of patients in active TAO stage was
obviously enhanced than that of motionless phase and the
normal control group, and the difference was statistically
significant, which showed that UA was involved in the
pathological process of TAO patients. Besides, the serum
UA level in TAO group was promoted with the increase
of the severity of eye disease, which indicated that both of
them were closely correlated with the incidence of TAO
and were positively correlated with the severity of secretory
ophthalmopathy. Our study suggested that UA could be
used as a laboratory index for clinical diagnosis of TAO
patients and a parameter for the activity of TAO and pro-
vided a basis for exploring the value of UA level and its
changes in the clinical therapeutic effect and prognosis
evaluation of TAO.
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Background. Hepatocellular carcinoma is one of the malignant tumors with the highest incidence in the world. According to the
latest statistics of the National Cancer Center, the incidence of liver cancer ranks fifth in malignant tumors and its mortality rate
ranks second in China, which seriously threatens people’ s life and health. Aim. To investigate the value of CT perfusion
parameters and apparent diffusion coefficient (ADC) of magnetic resonance imaging (MRI) diffusion weighted imaging (DWI)
in the diagnosis of hepatocellular carcinoma. Methods. 43 patients with hepatocellular carcinoma and 40 patients with hepatic
hemangioma treated in our hospital from August 2018 to August 2021 were selected for CT perfusion imaging and MRI
examination. Results. The liver blood flow (BF), liver blood volume (BV), and hepatic artery perfusion (HAP) in the
hepatocellular carcinoma group were (267.38± 35.59) ml/(min·100 g), (30.20± 8.82) ml/100 g, and (0.64± 0.10) ml/(min·ml),
respectively, which were significantly higher than those in the hepatic hemangioma group (p < 0:05). The ADC value of
hepatocellular carcinoma DWI sequence was (1.20± 0.17)×10-3mm2, which was significantly lower than that of hepatic
hemangioma (p < 0:05). The area under ROC curve of BF, BV, HAP, and ADC values for hepatocellular carcinoma was 0.860,
0.754, 0.804, and 0.890, respectively. The area under ROC curve of the four groups was compared (p > 0:05). Conclusion. CT
perfusion parameters BF, BV, HAP, and DWI sequence ADC values have certain application value in the diagnosis of
hepatocellular carcinoma, and there is no significant difference between the diagnostic value of each parameter.

1. Introduction

Hepatocellular carcinoma is the most common malignant
tumor in China, with the characteristics of occult onset
and rapid progress [1, 2]. There is no special symptom
in the early stage of liver cancer, and patients often pres-
ent with pain in the liver area, anorexia, and dyspepsia.
When there is a serious symptom, most patients have
reached the advanced stage of cancer. At this time, retreat-
ment can only prolong the survival time of patients and
cannot cure the disease [3, 4]. Therefore, the early diagno-
sis of hepatocellular carcinoma is of great importance, and
CT and magnetic resonance imaging (MRI) are commonly
used [5, 6]. However, the soft tissue density resolution of

CT is poor, and the detection rate and qualitative of
lesions are also insufficient. Relevant studies have found
that hepatocellular carcinoma can cause abnormal blood
flow in the portal vein of the body. CT perfusion imaging
can detect the above changes, so CT perfusion imaging has
a certain diagnostic effect on hepatocellular carcinoma [7,
8]. Diffusion weighted imaging (DWI) of MRI can
respond to the physiological and pathological characteris-
tics of the body by means of the movement of water mol-
ecules in the tissue, and the most important indicator is
the apparent diffusion coefficient (ADC) value [9, 10].
DWI provides a variety of analytical methods, such as
DWI images, ADC maps, and ADC values, which can
reflect the internal changes of malignant tumors at the
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tages in noninvasive evaluation of early tumor efficacy
[11, 12]. DWI is the best method for quantitative study
of microvascular perfusion and diffusion in vivo and has
been successfully applied to the central nervous system
[13, 14]. DWI has been gradually used for the diagnosis
of abdominal disease. In liver disease, it is mainly used
for the identification of lesions and the judgment of
benign and malignant lesions in the early stage [15, 16].
This study aims to explore the value of CT perfusion
parameters and MRI-DWI ADC in the diagnosis of hepa-
tocellular carcinoma.

Core tips: ADC value is the most important indicator in
DWI of MRI. ADC value can quantitatively analyze the
benign and malignant tumors. CT perfusion imaging has a
certain diagnostic effect on hepatocellular carcinoma. This
study attempts to combine CT perfusion parameters and
ADC values of MRI-DWI to explore its role in the diagnosis
of hepatocellular carcinoma, which has certain clinical
significance.

2. Materials and Methods

2.1. General Information. 43 cases of hepatocellular carci-
noma (HCC) and 40 cases of hepatic hemangioma treated
in our hospital from August 2018 to August 2021 were
selected as research subjects. Inclusion criteria: (1) All
patients were confirmed by pathology. (2) Age>18 years.
(3) CT and MRI examination in our hospital. (4) The clin-
ical image data were preserved completely. (5) Informed
consent has been obtained from patients and their fami-
lies. Exclusion criteria: (1) A history of radiotherapy and
chemotherapy before examination. (2) Patients with other
systemic malignant tumors. (3) Patients who dropped out
of the study. The general data of patients with hepatocel-
lular carcinoma and hepatic hemangioma are compared
in Table 1. This study has been approved by the Ethics
Committee.

2.2. CT Perfusion Imaging. All patients underwent CT perfu-
sion imaging. After fasting for 8 hours, the patients were
assisted to take supine position with advanced feet and arms
up. The sternal handle and the midpoint of the sisal process
were positioned to guide the patients to carry out correct
scanning breathing training. GE company 64-slice spiral
CT machine was used for dynamic perfusion scanning.
Scanning parameter settings: tube voltage is 120kV, tube
current is 200mA, layer thickness is 1.0mm, scanning pitch
is 1.2mm, scanning thickness is 5mm, the instrument with
CT scan and enhanced scan function. Patients were given

800~1000ml warm boiled water before examination. First
of all, the upper abdomen was scanned horizontally. The
larger tumor area was taken as the scanning center, and
the similar layer near the lesion center was selected as the
perfusion level. The scanning range was from the sternoclei-
domastoid to the iliac spin. The arterial phase (27 s), portal
venous phase (66 s), and delayed phase (180 s) were scanned
(Figure 1). The conventional CT scan was performed first,
and then the CT enhanced scan mode was switched to
obtain the duration and enhancement degree of the lesion,
and the blood supply characteristics and internal structure
of the lesion were analyzed. The contrast agent was iodixa-
nol (BayerAGt, J20171008, Batch No. KT09T6p). The
high-pressure syringe was used to inject at a rate of 4ml/s
at a dose of 1.5ml/kg, and the scanning was delayed by
150–180 s. The data was transmitted to the SunUltraAW4
workstation. The software for processing the data was Perfu-
sion3, and the corresponding time density curve was
obtained by computer processing. After computer calcula-
tion, the blood flow (BF), blood volume (BV), hepatic arte-
rial perfusion (HAP), and mean transit time (MTT) were
obtained.

2.3. MRI Examination. The instrument used was SIGNA-
CONTOUR015T MRI produced by GE Company in the
United States. The patients have fasted within 4–6h before
examination, and all metal objects were removed. The coils
used matched phased array coils and abdominal phased
array coils. The field intensity was set to 45 mT/m, the thick-
ness of the layer was set to 10mm, and the layer spacing was
210mm. The range was from the top of the diaphragm to
the lower pole of the right kidney, and the respiratory gating
was placed. T2 weighted imaging (T2WI), dual-echo T1
weighted imaging (T1WI), DWI, and ADC3 phase enhance-
ment scanning were performed on the diaphragm on the
abdominal transverse axis, breath holding on the transverse
axis, free breathing transverse axis, and breath holding trans-
verse axis, respectively (Figure 2). Gd-DTPA was used as the
contrast agent. The injection volume was 0.1ml/kg and the
injection rate was 1.5ml/s. The axial artery phase (26 s), por-
tal vein phase (60s), and equilibrium phase (180 s) were
scanned. Parameter settings are as follows: (1) T2WI:
TR2200ms, average times 1, layer spacing 1mm, layer thick-
ness 5mm, FOV 40 cm×40 cm, matrix 252× 213; (2) T1WI:
TR3.6ms, average times 1, layer spacing 1mm, layer thick-
ness 5mm, FOV 40cm×40 cm, matrix 252× 213; (3) DWI:
diffusion sensitive gradient field parameters (b value) were
0, 50, 400, 800mm2/s, NSA1, layer spacing 1mm, layer
thickness 5mm, FOV 40cm×40 cm, matrix 252× 213.

Table 1: Comparison of general data of patients with hepatocellular carcinoma and hepatic hemangioma.

Group Cases Male/female Age (year) Hypertension (%) Diabetes (%)

Hepatocellular carcinoma 43 23/20 55.60± 7.82 13 (30.23) 11 (25.58)

Hepatic hemangioma 40 28/12 53.49± 8.43 12 (30.00) 10 (25.00)

t/χ2 2.385 1.183 0.001 0.004

p 0.123 0.240 0.982 0.951
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2.4. Statistical Processing. SPSS22.0 software was used for data
analysis. Age, ADC value, and other data were expressed as
(χ ± s), and t test was used to analyze the difference between

groups. Comparison of gender and other data using 2 tests;
the diagnostic value was analyzed by receiver operating char-
acteristic (ROC) curve. p < 0:05 was statistically significant.

(a) (b)

(c) (d)

Figure 1: CT image of hepatocellular carcinoma. (a: plain scan period; b: arterial phase; c: portal venous phase; d: delayed phase).

(a) (b)

(c) (d)

Figure 2: MRI image of hepatocellular carcinoma. (a: T2WI; b: T1WI; c: DWI; d: ADC).
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3. Results

3.1. Comparison of CT Perfusion Parameters between
Hepatocellular Carcinoma and Hepatic Hemangioma. BF,
BV, and HAP in hepatocellular carcinoma were significantly
higher than those in hepatic hemangioma (p < 0:05) (see
Table 2).

3.2. Comparison of CT Perfusion Parameters in Patients with
Hepatocellular Carcinoma of Different Genders and Ages.
The BF, BV, HAP, and MTT were compared between male
and female patients with hepatocellular carcinoma, patients

with hepatocellular carcinoma aged <50 years and ≥50 years,
and patients with hepatocellular carcinoma with and with-
out hypertension and diabetes mellitus (see Table 3).

Table 2: Comparison of CT perfusion parameters between hepatocellular carcinoma and hepatic hemangioma.

Group Cases BF [ml/(min·100 g)] BV (ml/100 g) HAP [ml/(min·ml)] MTT (s)

Hepatocellular carcinoma 43 267.38± 35.59 30.20± 8.82 0.64± 0.10 11.78± 1.43
Hepatic hemangioma 40 190.92± 31.19 21.10± 9.10 0.44± 0.12 12.03± 1.56
t 10.376 4.625 8.270 -0.762

p <0.001 <0.001 <0.001 0.448

Table 3: Comparison of CT perfusion parameters in patients with hepatocellular carcinoma of different gender and age.

Group Cases BF [ml/(min·100 g)] BV (ml/100 g) HAP [ml/(min·ml)] MTT (s)

Sex

Male 23 264.40± 39.12 28.83± 6.50 0.63± 0.12 11.73± 1.55
Female 20 270.12± 37.10 31.10± 7.43 0.66± 0.13 11.98± 1.62

t -0.490 -1.069 -0.787 -0.517

p 0.627 0.291 0.436 0.608

Age

<50 year 24 263.39± 40.40 28.95± 5.84 0.62± 0.14 11.80± 1.62
≥50 year 19 271.11± 38.83 30.92± 6.11 0.67± 0.16 12.01± 1.70

t -0.633 -1.076 -1.092 -0.413

p 0.530 0.288 0.281 0.682

Hypertension

Yes 13 265.59± 39.29 29.01± 6.10 0.64± 0.13 11.92± 1.72
No 30 270.02± 40.11 31.01± 5.28 0.66± 0.18 12.06± 1.80

t -0.335 -1.089 -0.361 -0.237

p 0.740 0.283 0.720 0.814

Diabetes

Yes 11 267.10± 40.10 29.88± 5.98 0.65± 0.14 11.97± 1.81
No 32 271.12± 41.17 30.82± 6.12 0.67± 0.16 12.12± 1.92

t -0.281 -0.442 -0.368 -0.227

p 0.780 0.661 0.715 0.822

Table 4: Comparison of ADC values of DWI sequence between
hepatocellular carcinoma and hepatic hemangioma.

Group Cases
ADC

(×10-3mm2)
t p

Hepatocellular carcinoma 43 1.20± 0.17
-12.526 <0.001

Hepatic hemangioma 40 1.63± 0.14

Table 5: Comparison of ADC values of DWI sequence in patients
with hepatocellular carcinoma of different gender and age.

Group Cases ADC (×10-3mm2) t p

Sex

Male 23 1.18± 0.12
-1.177 0.246

Female 20 1.22± 0.10
Age

<50 year 24 1.19± 0.11
-0.467 0.643

≥50 year 19 1.21± 0.17
Hypertension

Yes 13 1.20± 0.13
-0.777 0.441

No 30 1.23± 0.11
Diabetes

Yes 11 1.18± 0.14
-1.163 0.252

No 32 1.24± 0.15
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Hepatocellular Carcinoma and Hepatic Hemangioma. ADC
value of hepatocellular carcinoma DWI sequence was signif-
icantly lower than that of hepatic hemangioma (p < 0:05)
(see Table 4).

3.4. Comparison of ADC Values of DWI Sequences in
Patients with Hepatocellular Carcinoma of Different
Genders and Ages. DWI ADC values were compared
between male and female patients with hepatocellular carci-
noma, patients with hepatocellular carcinoma aged <50
years and ≥50 years, and patients with hepatocellular carci-
noma with and without hypertension and diabetes mellitus
(see Table 5).

3.5. Judgmental Value. The areas under ROC curves of BF,
BV, HAP, and ADC values for HCC were 0.860, 0.754,
0.804, and 0.890, respectively, p < 0:05, and the areas under
ROC curves of the four were compared (p > 0:05). The spe-
cific parameters are shown in Table 6 and Figure 3.

4. Discussion

Most people believe that the etiology of hepatocellular carci-
noma is closely related to viral infection and environmental
factors [17, 18] However, the initial symptoms are not obvi-
ous, bringing great difficulties to clinical diagnosis and treat-
ment. Effective diagnosis is an important prerequisite for
formulating treatment measures and evaluating curative
effect. Therefore, it is particularly necessary to conduct
timely, accurate, and effective examinations and study the
patient ‘s disease-related indicators [19, 20].

According to relevant research reports [21, 22], the accu-
racy of CT examination of liver cancer is very high, and the
diagnostic value of small lesions is also very high. Therefore,
the clinical acceptance of CT examination is very high, and
CT examination has become the most commonly used
method for the diagnosis of primary liver cancer. At the
same time, as the blood flow of malignant tumor patients
is mostly obviously abnormal, CT perfusion imaging can
clearly display the anatomical details of small lesions and
hepatocellular carcinoma, and reflect the blood flow.

The results showed that there was no significant differ-
ence in BF, BV, HAP, and MTT between male and female
patients with hepatocellular carcinoma and patients aged
<50 and ≥50 years old. It suggested that different ages and
genders did not affect factors such as liver blood flow. The
results of this study showed that BF, BV, and HAP in
HCC group were significantly higher than those in hepatic
hemangioma group. After the patient developed into hepa-

tocellular carcinoma, the blood perfusion status of the liver
changed to a certain extent. With the malignant prolifera-
tion of cancer, the blood flow in the artery becomes larger,
which leads to insufficient blood supply in the portal vein.
Therefore, the judgment of the nature of the tumor can also
be reflected by the supply of arterial blood. In the detection
of new blood vessels in liver cancer cells, the flow rate is
accelerated, resulting in a certain degree of damage to vascu-
lar endothelial cells. Due to the presence of different sizes of
arteries and veins, arterial portal vein and other different
ways and levels of direct entry into the tumor, BV, BF, and
HAP increased.

The results of this study showed that there was no signif-
icant difference in ADC values of DWI sequences between
male and female patients with hepatocellular carcinoma,
age <50 years and age ≥50 years. After excluding the influ-
ence of age and gender on ADC, it was found that the
ADC value of hepatocellular carcinoma DWI sequence was
significantly lower than that of hepatic hemangioma. The
reason is that although the dispersion of water molecules is
different, the b0 image signal of hepatic hemangioma is still
very high, so due to T2 transmission effect, their DWI shows
high signal. It has been found in some studies [23, 24] that

Table 6: ROC curve parameters.

Index Area under curve p Truncation value Sensitivity (%) Specificity (%)

BF 0.860 <0.001 240ml/(min·100 g) 78.90 72.20

BV 0.754 <0.001 28.50ml/100 g 70.40 69.00

HAP 0.804 <0.001 0.56ml/(min·ml) 76.50 70.00

ADC 0.890 <0.001 1.30×10-3mm2 84.50 78.80
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0.6

0.4
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ns
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1 – specificity

0.2

0.0
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Figure 3: ROC curve analysis.
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DWI examination technology plays an increasingly impor-
tant role in the identification of benign and malignant liver
tumors. Due to a variety of components in tumor cells, inter-
cellular space becomes smaller, and the diffusion of water
molecules in malignant tumors is more difficult than that
in normal cases, and the ADC value is also smaller than that
in normal tissues. However, in the benign lesion of heman-
gioma, hepatic hemangioma is mainly composed of liquid
components. The components in cells have little effect on
the movement of water molecules, and the ADC value is
larger than that of normal tissues. DWI sequence quantita-
tively analyzed the movement of water molecules in tissues
by ADC values. DWI can detect the direction of cell perme-
ability, capillary perfusion, and cell membrane permeability
[25, 26].

MRI DWI can reflect the nature of the lesion at the his-
tological level. For example, focal nodular hyperplasia con-
tains normal phagocytotic hepatocytes, and the uptake of
contrast agents in the process of hepatobiliary enhancement
will present a slightly higher or equal signal, while hepatocel-
lular carcinoma will not [27–29]. In normal liver cells, con-
trast agent uptake rate will reduce the majority of low signal,
while there are still a few lesions showing high signal or
equal signal. The results showed that there was no significant
difference between the area under the ROC curve of liver
cells and BF, BV, HAP, and ADC values. It is suggested that
CT perfusion parameters BF, BV, HAP, and DWI sequence
ADC values had certain value in the diagnosis of hepatocel-
lular carcinoma and had certain application value. Although
the number of cases is small, the increased specific value is
not accurate, but the overall detection efficiency is certainly
improved. The specific reason is that two imaging examina-
tions can make up for each other’ s shortcomings. Consider-
ing that the two methods can clearly show the solid part of
the tumor and provide help for judgment, they can be used
together.

There are few studies on DWI in differentiating hepato-
cellular carcinoma from hepatic hemangioma [30, 31].
According to this study, we found that the ADC value of
DWI sequence could be used for the diagnosis of hepatocel-
lular carcinoma, which had clinical reference significance.
However, this study still has many limitations, such as the
limited number of samples, which will affect statistical
results. In addition, this study is limited to two types of
tumors, which need to be further explored in the next study.

5. Conclusion

CT perfusion parameters BF, BV, HAP, and DWI sequence
ADC values have certain application value in the diagnosis
of hepatocellular carcinoma, and there is no significant dif-
ference between the diagnostic value of each parameter.
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Background and Aim. Irrecoverable anterior disc displacement (ADD) of temporomandibular joint (TMJ) seriously affects the
quality of life of patients. This research was aimed to explore the recovery effect of small incision reduction and suture on
patients. Methods. 90 patients with irreducible ADD of TMJ treated from August 2020 to August 2021 were acquired in our
hospital. They were randomly divided into control group and trial group randomly. There were 45 patients in each group. The
sufferers in the control group were treated with oral drug therapy and small incision reduction and suture, while those in the
trial group were treated with small incision reduction and suture linked with functional appliance. The pain score, dysfunction,
joint function recovery, facial improvement, and clinical impacts of the two groups were contrasted. Results. Compared with
that in the control group at 1 week, 4 weeks, and 6 months after therapy, the pain score in the trial group was markedly
higher. After therapy, in the two groups, maximum vertical opening (MVO), left lateral excursion (LLE), and right lateral
excursion (RLE) levels were markedly higher than those in the control group. The MRI score of the trial group was markedly
higher than that of the control group at 1 week, 4 weeks, and 6 months after therapy, and the total effective rate of the trial
group was markedly higher than that of the control group. Conclusion. The use of small incision reduction and suture linked
with functional appliance in the therapy of sufferers with irreducible ADD of TMJ is beneficial to relieve pain, promote the
recovery of body function, and contribute to the recovery of joint function.

1. Introduction

Anterior disc displacement (ADD) of temporomandibular
joint (TMJ) is a common disease, and its pathogenesis is
complicated, which is markedly related to environmental,
genetic, and acquired genetic factors [1, 2]. ADD of TMJ
refers to the obstruction of TMJ of the brain, which leads
to the disorder of internal structure and the disorder of
internal structure of TMJ, which seriously affects the life of
sufferers [3, 4]. The occurrence of the disease is relatively
sudden. With the continuous evolution of the ADD of the
TMJ, there will be abnormal mouth opening, resulting in
the obstruction of joint function, the damage of the joint
strangulation, and the local pain in the joint area, which will
seriously affect the quality of life of the sufferers [5, 6]. At
present, clinical medical research has found that the irreduc-

ible ADD of the TMJ will cause local pain in the articular
disc and maxillofacial region, which will seriously affect the
patient’s living ability, cause joint deformation and serious
drop in joint height, and then lead to facial deformity, which
will have a great impact on the patient. It occurs frequently
in young people [7]. Conservative therapy for sufferers, the
course of the disease cure cycle is long, and for those with
severe symptoms, it will affect the appearance of sufferers
[8, 9]. Therefore, we should find a more scientific and accu-
rate therapy, so as to effectively improve the satisfaction of
sufferers. Small incision reduction and suture can effectively
reduce the pain of sufferers, thus effectively reduce the diffi-
culty of operation, thus improve the clinical impact, pro-
mote the growth and repair of joints, and improve the
healthy life and ability of sufferers. The recovery of neuro-
logical function plays a very important role [10–12]. This
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study formulated the relevant therapy methods for the ADD
of the TMJ and could explore the therapy methods of the
sufferers with ADD of the TMJ. In this study, 90 sufferers
with ADD of the TMJ admitted in our hospital from Sep-
tember 2019 to December 2021 were selected as the trial
group, which were reported as follows.

2. Materials and Methods

2.1. General Information. 90 patients with irreducible ADD
of the TMJ treated from August 2020 to August 2021 were
acquired in our hospital. They were randomly divided into
control group and trial group. There were 45 patients in
each group. Among them, there were 20 males and 25
females in the trial group, the age was 35-60 years old,
the average age was (46.36± 8.31) years, the height was
161-183 cm, the average height was (165.79± 5.78 cm), the
weight 61 kg-81 kg, the average weight (67.61± 6.21) kg,
and the body mass index 21-30 kg/m2, the average body
mass index (25.63± 2.23) kg/m2. There were 23 males and
22 females in the control group, the age was 38-62 years
old, the average height was (45.46± 10.01) years, the height
was 162-182 cm, the average height was (164.46± 3.98 cm),
the weight 63 kg-84 kg, the average weight was (66.46
± 6.82) kg, and the body mass index was 21-34 kg/m2, the
average was (26.69± 2.35) kg/m2. There was no noteworthy
divergence in sex, age, and other general data (P > 0:05),
which was comparable.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria: the
pain of TMJ lasted for more than 3 months; the pain site
was mainly located in sufferers with ADD of the TMJ, which
can be radiated above the joint; the main manifestation of
pain was joint pain; the ADD of the TMJ could not be
reduced; the medical records such as past history and med-
ication history were complete; informed consent was signed.
Exclusion criteria: ADD of the TMJ caused by various vis-
ceral diseases; ADD of the TMJ caused by deformity, tumor,
fracture, or other trauma; pregnant and lactating women;
long-term bedridden sufferers; disturbance of consciousness;
complicated with dysfunction of the heart, kidney, lung, and
other important organs.

2.3. Research Methods. The sufferers in the control group
received routine therapy for ADD of the TMJ; they were
treated with modified small incision surgery, and the sub-
cutaneous tissue was cut into the subtemporal anterior
membrane, cut the front of the vein, so as to cut the
superficial layer of infratemporal membrane, resection
along the vein. So as to protect the inferior middle tempo-
ral vein and the temporal branch of the nerve, injected
normal saline into the articular cavity, so as to effectively
protect the middle artery, exposed the joint capsule, added
physiological saline into the supraarticular cavity, opened
the attachment point of the joint disc from the inside,
released the front part, reset the joint part, separated along
the internal tendons, and reset the joint disc, so as to
effectively improve the reduction function of the joint disc,
put the suture out at the inside and outside, after it was

introduced into the forearm of the external auditory canal,
after threading the suture, the sutured part was sutured at
the joint, and finally put the drainage tube into it, sewed
the part tightly, and removed the suture after operation,
so as to effectively improve the postoperative reexamina-
tion position of the sufferer and observe the recovery of
the scar.

The sufferers in the trial group were treated with small
incision reduction and suture linked with functional appli-
ances. The sufferers were in the prone position, with a
thin pillow on their abdomen, and its abdomen was cov-
ered with a thin pillow. Aligned the sufferer’s jaw, per-
formed the blade at the front, performed the operation
at the midline, and used its forward extension reduction
for correction, adjusted the activity every day, adjusted
the grinding tool with the corrector, and the adjustment
height was 1mm. Configured it 24 hours a day. Adjusted
the mold from front to back, and the mold adjustment
height was 1mm until the mold pressing part was effec-
tively adjusted, the posterior teeth were adjusted with the
help of the tube sleeve device, and the anterior jaw was
effectively adjusted, removed the corresponding cannula
and adjusted the jaw, the orthodontic apparatus was
removed. Physical therapy was conducted, once a day,
and lasted for 10 days.

2.4. Trial Indicators. (I) Pain score: visual analogue score
(VAS) [13] was used to evaluate the pain degree of the two
groups before therapy, 1 week, 4 weeks, and 6 months after
therapy. The higher the score, the more severe the pain.
(II) Mandibular movement: the standard of mandibular
movement [10] was used to evaluate the painless maximum
vertical opening (MVO), left lateral excursion (LLE), and
right lateral excursion (RLE) before and after therapy. (III)
Clinical curative impact evaluation: Excellent: after therapy,
the low back pain disappeared, the movement was unim-
peded, and the sufferers were able to work and live normally;
Good: the pain almost disappeared, the activity was slightly
limited, but had little impact on work and life; Fair: the
symptoms were improved to a certain extent, but the pain
existed, affecting work and life; Poor: the symptoms were
not improved or even aggravated. Total efficiency rate = ð
Cases of good + Cases of fairÞ/Total cases. (IV) MRI index
observation: before therapy, 1 week, 4 weeks, and 6 months
after therapy, the sufferers in the two groups were observed
with MRI, so as to effectively evaluate the position of their
joint disc, and different therapy methods were used for suf-
ferers with joint disc in different positions, so as to deter-
mine their MRI index and evaluate the postoperative
repositioning

2.5. Statistical Processing. The data of this study were ana-
lyzed by SPSS22.0 statistical software. The trial indexes
selected in the study were expressed by mean± standard
deviation (�x ± s). Independent sample t-test was used for
inter-group comparison, and paired sample t-test was used
for intra-group comparison. P < 0:05 meant the difference
was statistically significant.
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3. Results

3.1. Contrasted the VAS Scores of the Two Groups. There was
noteworthy divergence in the VAS score and the change
trend of VAS score among the trial group and the control
group (P < 0:05). Before therapy, there was no noteworthy
divergence in VAS pain score between the two groups
(P > 0:05). The VAS pain score of the trial group was mark-
edly higher than that of the control group at 1 week, 4 weeks,
and 6 months after therapy (P > 0:05), as shown in Table 1.

3.2. Comparison of Mandibular Conditions between the Two
Groups. Before therapy, there was no noteworthy divergence
in the levels of MVO, LLE, and RLE between the two groups
(P > 0:05), but the levels of MVO, LLE, and RLE in the two
groups strengthened markedly after therapy (P < 0:05), and
the levels of MVO, LLE, and RLE in the trial group were
markedly higher than those in the control group (P < 0:05
), as shown in Table 2.

3.3. Clinical Efficacy. The total effective rate of sufferers in
the trial group was 91.11%, which was markedly higher than
that in the control group (P < 0:05), as shown in Table 3.

3.4. MRI Score. Before therapy, there was no noteworthy
divergence in MRI score between the two groups (P > 0:05
). The MRI score of the trial group was markedly higher than
that of the control group 1 week, 4 weeks, and 6 months
after therapy (P < 0:05), as shown in Table 4.

4. Discussion

As a common clinical disease, the etiology of ADD of the
TMJ is complicated, and some sufferers have clear patholog-
ical causes and imaging manifestations, such as difficulty in
mouth opening, serious abnormality in mouth opening,
and pain in the joint area. However, the vast majority of
patients have joint pain during the onset, which seriously
affects the quality of life of patients [14, 15]. In the clinic,

Table 1: VAS pain score (�x ± s, score).

Grouping Instances Before therapy One week after therapy 4weeks after therapy 6months after therapy

Trial group 45 4.39± 1.17 1.07± 0.43∗ 0.81± 0.32∗ 0.50± 0.12∗

Control group 45 4.54± 1.11 1.40± 0.52∗ 1.12± 0.47∗ 0.72± 0.26∗

t value 0.624 3.281 3.657 5.154

P value 0.534 0.002 0.0004 <0.0001
Note: Contrasted with before therapy, ∗P < 0:05.

Table 2: Mandibular condition of two groups of sufferers (�x ± s, mm).

Grouping
MVO (mm) LLE (mm) RLE (mm)

Before therapy After therapy Before therapy After therapy Before therapy After therapy

Trial group (n=45) 22.86± 5.28 43.46± 7.15∗ 7.59± 0.52 8.36± 0.42∗ 6.85± 1.12 7.78± 0.53∗

Control group (n=45) 22.90± 5.54 28.61± 7.17∗ 7.56± 0.43 7.89± 0.34∗ 6.74± 1.29 7.08± 0.76∗

t value 0.351 9.872 0.298 5.835 0.432 5.608

P value 0.972 0.001 0.766 <0.0001 0.667 <0.0001
Note: Contrasted with before therapy, ∗P < 0:05.

Table 3: Clinical efficacy [n (%)].

Grouping n Excellent Good Fair Poor Total efficiency rate

Trial group 45 23 (51.11) 18 (40.00) 3 (6.67) 1 (2.22) 41 (91.11)

Control group 45 15 (33.33) 17 (37.78) 10 (22.22) 3 (6.67) 32 (71.11)

x2 value 5.874

P value 0.015

Table 4: MRI scores (�x ± s, score).

Grouping Instances Before therapy One week after therapy 4weeks after therapy 6months after therapy

Trial group 45 36.45± 7.32 27.30± 7.65∗ 26.51± 6.85∗ 27.31± 7.56∗

Control group 45 37.10± 6.81 21.43± 7.78∗ 19.73± 5.46∗ 21.33± 7.20∗

t value 0.436 3.609 5.192 3.842

P value 0.664 <0.0001 <0.0001 <0.0001
Note: Contrasted with before therapy, ∗P < 0:05.
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ADD of the TMJ arthropathic pain is more common. The
sufferer’s articular disc can be restored due to long-term
abnormal stress or other minor injuries. The failure of
reduction of the articular disc will cause facial pain and dys-
function and cause serious damage to the articular disc. In
addition, its facial deformities seriously affect the quality of
life of the patients. At present, the therapy of ADD of the
TMJ is often lack of pertinence, and the curative impact is
poor, which brings serious problems to sufferers and their
families [16–18]. At present, the clinical therapy of ADD
of the TMJ is mainly small incision reduction and suture,
which will bring some disadvantages and cannot be treated
accurately. With the gradual development of medical tech-
nology, the improvement of small incision reduction and
suture in the past therapy process, which can effectively treat
the changes in the lower position of sufferers, has now made
a major breakthrough and achieved noteworthy therapeutic
impacts [19–22]. In the process of therapy with functional
instruments, both its accuracy and feasibility can be well
guaranteed, which provides a sufficient scientific basis for
guiding the therapy of sufferers’ mandibular joints, and can
effectively solve sufferers’ pain feelings [23].

In this study, the VAS pain score of the trial group was
markedly higher than that of the control group at 1 week,
4 weeks, and 6 months after therapy; it showed that using
small incision reduction and suture linked with functional
appliance to treat sufferers with irreducible ADD of the

TMJ could reduce the degree of pain and duration of pain,
played a good role in promoting the prognosis of sufferers,
and improved the quality of life of sufferers [24–26]. It was
consistent with the study of small incision reduction and
suture in the treatment of ADD of the TMJ, relieving pain
and improving joint function by Xing et al. [27]. From the
clinical efficacy of the two groups of sufferers, the total effec-
tive rate of the trial group was 91.11%, markedly higher than
that of the control group, indicating that the therapy impact
of small incision reduction and suture linked with functional
appliance on sufferers with irreducible ADD of the TMJ was
better, and the total effective rate of cure was higher. From
the MRI scores of the two groups of sufferers, the MRI scores
of sufferers with chronic low back pain in the trial group
were markedly higher than those in the control group 1
week, 4 weeks, and 6 months after therapy. This was consis-
tent with the higher effective rate of joint reduction com-
pared with the reduction and suture of TMJ under small
incision by He et al. confirmed [28]. These conclusions indi-
cated that the therapy of sufferers with irreducible ADD of
the TMJ with small incision reduction and suture linked
with functional appliances could promote the recovery of
sufferers’ physical functions, reduce the recurrence of suf-
ferers’ conditions, and control the prognosis better.

To sum up, the therapy of sufferers with irreducible
ADD of the TMJ with small incision reduction and suture
linked with functional appliance is conducive to reducing

Patients with irreducible anterior dis c
displacement of temporomandibular joint were
treated with small incision reduction and suture

(n = 45).

Patients with irreducible anterior disc displacement
of temporomandibular joint were treated with smal l

incision reduction and suture combined with
functional appliance (n = 45).

Visual analogue scale (VAS) was used to score the
pain of the patients; the patients were scored

according to the standard of mandibular movement;
the improvement of clinical symptoms wa s

evaluated; MRI was detected and scored after
operation.

The changes of pain degree, mandibular motor
function, clinical effect and postoperative reduction

were evaluated at 1 week, 4 weeks and 6 months
after treatment.

Figure 1: Abstract diagram.
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the degree of pain, improving the pain situation of sufferers,
avoiding some postoperative complications, promoting the
recovery of normal functions, and improving the quality of
life of sufferers (Figure 1).
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Purpose. This work is aimed at determining the application value of platelet-rich plasma (PRP) therapy plus total knee
arthroplasty (TKA) in traumatic arthritis (TA) of the knee. Methods. A retrospective study was conducted on 78 cases of TA of
the knee admitted between March 2021 and January 2022 to the Quanzhou First Hospital Affiliated to Fujian Medical
University. Based on different treatment methods, 38 cases treated with TKA were assigned to the control group, and 40 cases
intervened by PRP+TKA were included in the observation group. The operation time (OT), drainage volume (DV), total blood
loss (TBL), incision inflammatory reaction rate, and grade A healing rate were recorded. Besides, preoperative and
postoperative knee joint Hospital for Special Surgery (HSS) scores, knee joint pain assessed by visual analogue scale (VAS),
knee joint range of motion (ROM), and bone metabolism parameters (osteocalcin (OST), total N-terminal propeptide of type I
procollagen (tPINP), and β-isomerized C-terminal telopeptides (β-CTX)) were recorded. Results. The observation group
showed reduced postoperative DV and TBL than the control group (P < 0:05). The two cohorts differed insignificantly in OT,
incision inflammatory response rate, and grade A healing rate (P > 0:05). The observation group also had better improvement
in the HSS score, pain VAS score, and knee ROM (P < 0:05). And higher postoperative OST and tPINP levels while lower β-
CTX were determined in the observation group (P < 0:05). Conclusions. PRP+TKA can validly improve the levels of bone
metabolism markers in patients with TA of the knee and promote their knee functional recovery, with favorable safety.

1. Introduction

As a prevalent joint inflammation, knee arthritis mainly
results from various traumas, with 12% of all knee osteoar-
thritis (OA) cases attributed to sports, motor vehicle acci-
dents, falls, or any other sources of physical trauma. Such
traumas can damage ligaments, cartilage, and/or bones, thus
altering the mechanics of joints [1]. Besides, there will be
structural changes in fat pads, synovium, ligaments, and
muscles, which is why knee arthritis is generally considered
a whole-joint disease [2–5]. The prevalence of the disease
has increased significantly and continues to rise over the past
decades, becoming one of the leading causes of disability in
elderly patients worldwide [6]. As the second largest com-
mon musculoskeletal disease after low back pain, knee
arthritis poses a substantial economic burden every year [7,

8]. A large part of the economic burden comes from the time
cost and the cost of aggressive surgical interventions used in
previous treatments [9]. Therefore, it carried great clinical
implications for exploring more effective and safe treatment
strategies for patients with knee arthritis from the perspec-
tives of surgical indicators, limb recovery status, and bone
metabolism indicators.

As one of the most successful orthopedic procedures,
total knee arthroplasty (TKA) is now widely used in a wide
variety of primary and secondary OA [10], and the number
of patients undergoing this procedure is increasing at an
accelerating rate as the world’s aging population increases
[11, 12]. The operation can effectively relieve patients’ pain
and restore their mobility [13]. However, this technique is
highly demanding, and improper operation can easily bring
a series of postoperative complications to patients, even
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causing death in serious cases [14, 15]. Given these limita-
tions of the current orthopedic surgery, people’s interest in
platelet-rich plasma (PRP) has increased [16]. PRP is an
autologous mixture produced by centrifugal separation of
whole blood, and its therapeutic effects are usually attributed
to the concentrated anabolic agent it contains [17, 18]. At
present, PRP has been used clinically in many fields such
as orthopedic surgery, gynecology, and orthopedics. How-
ever, there are few studies on the combined use of TKA
and PRP in knee joint therapy [19]. Accordingly, this study
discusses the influence of the combined treatment through
a series of indexes such as bone metabolism parameters
and limb recovery function, with the view of providing ideas
and references for the clinical treatment of traumatic knee
arthritis.

2. Methods

2.1. General Information. This research retrospectively col-
lected the clinical data of 78 cases of traumatic knee arthritis
who underwent TKA treatment in the Quanzhou First
Hospital Affiliated to Fujian Medical University between
March 2021 and January 2022. All patients volunteered to
participate in this trial. They were assigned to either the
observation group or the control group, depending on the
differences in treatment methods. The control group
(n = 38) was given TKA, and observation group (n = 40)
underwent PRP and TKA. No statistical difference was
observed between groups regarding general data, which
was comparable (P > 0:05). Inclusion criteria are as follows:
① diagnosis of TA of the knee, ② presence of obvious clin-
ical symptoms in the past month, with repeated swelling and
pain of knee joint, and ③ degenerative changes of knee joint
as indicated by imaging examination. Exclusion criteria are
as follows:① rheumatoid arthritis, systemic lupus erythema-
tosus, and other rheumatic immune diseases; ② TKA intol-
erance due to severe heart and brain diseases or liver and
kidney diseases; ③ history of TKA treatment; ④ hematolog-
ical diseases such as leukemia, idiopathic thrombocytopenic
purpura, deep vein thrombosis, or frequent use of anticoag-
ulants that affects the coagulation system; and ⑤ women
with reproductive or breastfeeding needs. The Ethics Com-
mittee of the Quanzhou First Hospital Affiliated to Fujian
Medical University approved this study, and all subjects pro-
vided informed consent.

2.2. Methods. The control group received tourniquet hemo-
stasis after combined spinal and epidural analgesia or lum-
bar anesthesia, with the pressure set at 250-280mmHg. A
skin incision was created in the anterior midline of the knee,
and the joint capsule was opened and fully exposed via the
medial parapatellar approach. The suprapatellar synovial
bursa was completely released, and the patellar bone was
moved outward to thoroughly expose the surgical focus of
the patient. Next, the meniscus and anterior cruciate liga-
ment were resected after proper protection of the patient’s
medial and lateral collateral ligaments, and the osteophytes
at the focal site were thoroughly cleaned. Minimally invasive
surgical instruments were then used to perform osteotomy

at the joint of the patient with a hallux valgus angle of 5°-
7° after the procedure. Then, the tibial articular surface was
osteotomized with the extramedullary positioning system
with a posterior slope of 3° to 5° after osteotomy, and the
medial and lateral soft tissues and the posterior joint capsule
were fully released. All patients were tested for total knee
prosthesis. Following prosthesis installation, the tourniquet
was released in time, and the drainage tube was placed after
confirming that there was no bleeding, followed by joint cav-
ity closure and layer-by-layer suture. All operations were
performed by the same experienced and senior attending
physician in our hospital. The observation group was addi-
tionally given PRP. Before the operation, 40mL of venous
blood was extracted, centrifuged twice (10 minutes each
time) at 2000 r/min, and prepared using a PRP preparation
box. A total of 6mL PRP was obtained by the above standard
procedure. After the prosthesis was installed, PRP was
injected into the joint, followed by wound closure layer by
layer, dressing, pressurizing, and tourniquet-loosening.
Patient follow-up was conducted for 4 weeks, and PRP was
injected twice at an interval of 2 weeks. All knee X-rays were
collected for comparison before and after treatment.

2.3. Measurement Indicators

(1) Surgical indications

The surgical indications of two groups of patients were
investigated and tested, and the relevant indexes were oper-
ation time (OT), drainage volume (DV), and total blood loss
(TBL).

(2) Limb recovery

Patients’ limb recovery was statistically analyzed. The
related indexes were preoperative and postoperative knee
joint Hospital for Special Surgery (HSS) scores, visual ana-
logue scale (VAS) score for knee pain, and knee joint range
of motion (ROM).

The HSS knee score has a full score of 100 points, includ-
ing 30 points for pain, 22 points for function, 18 points for
ROM, 10 points each for muscle strength, flexion deformity,
and instability. Higher scores are associated with better knee
joint function. The total score of VAS is 10, with 0, 1-3, 4-6,
and 7-10 for no, mild, moderate, and severe pain, respec-
tively. The score is in direct proportion to pain severity.
The total score of ROM is 100, with the operating score
and the theoretical score accounting for 80 and 20 points,
respectively. The higher the score is, the better the knee joint
ROM is.

(3) Bone metabolism markers

The bone metabolism markers of the two groups, includ-
ing osteocalcin (OST), total N-terminal propeptide of type I
procollagen (tPINP), and β-isomerized C-terminal telopep-
tides (β-CTX), were detected by an automatic chemilumi-
nescence immunoanalyzer preoperatively and during
postoperative follow-up.
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(4) Incision inflammation rate

The degree of incision inflammation in two groups of
patients was investigated and statistically analyzed. Accord-
ing to the presence of redness, swelling, heat and exudation,
the inflammatory reaction was divided into four grades:
none, mild, moderate, and severe.

(5) Healing status

The healing status of patients, which was divided into
grade A healing (excellent healing), B (incision inflamma-
tion but no purulence), and C (purulent wound but healing
after drainage and dressing change), was also investigated
and counted.

2.4. Statistics and Methods. SPSS22.0 (Asia Analytics For-
merly SPSS China) was used to comprehensively analyze
data and GraphPad Prism 6 (GraphPad Software, San Diego,
USA) to plot figures. Enumeration data (e.g., sex and work-

ing status) were analyzed by χ2, while measuring data (age,
body mass index (BMI), etc.) recorded as (�χ ± S) were tested
with the t-test. P < 0:05 was used to indicate significance.

3. Results

3.1. General Data. The two cohorts of patients differed insig-
nificantly in gender, age, BMI, and other general data
(P > 0:05), see Table 1 for details.

3.2. Surgical Indications. The two groups showed similar OT
(P > 0:05), but the postoperative DV and TBL were obvi-
ously lower in the observation group (P < 0:05), as displayed
in Figure 1.

3.3. Limb Recovery. The preoperative HSS score, pain VAS
score, and knee ROM were similar in the two groups
(P > 0:05). Postoperatively, improvements in the above
parameters were observed in both cohorts (P < 0:05). with

Table 1: General data.

Classification Observation group (n = 40) Control group (n = 38) t/χ2 P

Sex 0.43 0.512

Male 24 20

Female 16 18

Age (years old) 42:13 ± 6:67 41:84 ± 4:96 0.22 0.809

BMI (kg/m2) 24:03 ± 2:38 23:87 ± 2:93 0.27 0.792

Average income 3014:13 ± 28:34 3019:21 ± 31:40 0.75 0.455

Working status 1.01 0.314

On-the-job 30 32

Laid-off/resigned 10 6

Smoking 0.01 0.916

Yes 33 31

No 7 7

Drinking 1.03 0.311

Yes 35 30

No 5 8
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Figure 1: Surgical indications of two groups of patients. (a) Operation time of two groups. (b) Postoperative drainage volume of two groups.
(c) Total blood loss of two groups. Note: ∗compared with the control group, P < 0:05.
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more superior results in the observation group (P < 0:05).
For details, please see Figure 2.

3.4. Bone Metabolism Markers. The preoperative OST,
tPINP, and β-CTX showed no statistical differences between

groups (P > 0:05). Postoperatively, OST and tPINP of both
cohorts elevated notably and β-CTX reduced significantly,
and compared with the control group, OST and tPINP were
higher and β-CTX was lower in the observation group
(P < 0:05) (Figure 3).
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Figure 3: Bone metabolism markers: (a) OST levels before and after operation, (b) tPINP levels before and after operation, and (c) β-CTX
levels before and after operation. Note: # and ∗ means P < 0:05 compared with the pretreatment level (within the group) and the control
group, respectively. OST: osteocalcin; tPINP: total N-terminal propeptide of type I procollagen; β-CTX: β-isomerized C-terminal
telopeptides.
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Figure 2: Limb recovery in two groups: (a) HSS scores before and after surgery in the two groups. (b) VAS scores before and after surgery.
(c) Knee ROM scores before and after surgery. Note: # and ∗ means P < 0:05 compared with the pretreatment level (within the group) and
the control group, respectively. HSS: Hospital for Special Surgery; VAS: visual analogue scale; ROM, range of motion.

Table 2: Healing rate of two groups.

Classification Observation group (n = 40) Control group (n = 38) χ2 P

Grade A healing 38 (95.00) 35 (92.11) 0.27 0.602

Grade B healing 1 (2.50) 3 (7.89) 1.08 0.280

Grade C healing 1 (2.50) 0 (0.00) 0.96 0.327

Table 3: Incision inflammation rate.

Classification Observation group (n = 40) Control group (n = 38) χ2 P

Mild inflammation 1 (2.50) 2 (5.26) — —

Moderate inflammation 1 (2.50) 0 (0.00) — —

Severe inflammation 0 (0.00) 1 (2.63) — —

Inflammatory reaction rate (%) 2 (5.00) 3 (7.89) 0.27 0.602
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3.5. Grade A Healing Rate. The two groups were not statisti-
cally different in grade A, B, and C healing rates after treat-
ment (P > 0:05) (Table 2).

3.6. Incision Inflammation Rate. The investigation revealed
no statistical difference between groups in the incision
inflammation rate (P > 0:05) (Table 3).

4. Conclusion

Arthritis is the most common joint disease, disabling 630
million people worldwide [20, 21]. Although all kinds of
orthopedic surgeries, such as knee replacement, can effec-
tively improve patients’ symptoms, they can also easily lead
to postoperative inflammation and negative emotions in
patients that will hinder their recovery from the disease
[22, 23]. In this part, we will discuss whether TKA combined
with PRP can better treat patients with TA of the knee by
combining the research results obtained.

First, limb function and healing rate of patients in the
two groups were analyzed. Although both cohorts had good
postoperative healing and recovered limb function, the
observation group showed better recovery of limb function,
indicating better recovery efficacy in patients who used com-
bined therapy. Knee replacement surgery has seen signifi-
cant progress in recent years, but patient outcomes remain
poor despite improvements in surgical technique and pros-
thesis placement procedures. In fact, many patients not only
have limited postoperative improvement in joint function
but also experience postoperative pain and altered life qual-
ity [24]. In addition, studies have shown a relatively high
incidence of complications in older patients undergoing this
procedure [25]. Therefore, knee replacement alone can
hardly ensure a good surgical outcome. PRP is a volume of
the treated autologous peripheral blood, which has been
used for more than 30 years in a variety of corresponding
symptoms because of its platelet concentration above base-
line [26]. And recently, it has been widely applied to treat
musculoskeletal diseases, as its strong regenerative capacity
can play a better role in recovering patients’ limbs. At pres-
ent, PRP therapy is a feasible treatment option with clinical
benefits and gratifying results [27, 28]. Therefore, compared
with the control group, the observation group made use of
the advantages of the regenerative ability of PRP therapy,
contributing to higher efficacy to better recover their limb
function. As far as patients’ surgical indications are con-
cerned, the surgical indications of patients in the observation
group are better than those in the control group because of
better curative effects.

From the perspective of bone metabolism markers,
higher postoperative OST and tPINP levels and lower β-
CTX were determined in the observation group. As afore-
mentioned, PRP therapy has a strong regenerative capacity
and a favorable effect on the recovery of patients’ limb func-
tion. OST and tPINP are specifically expressed in osteoblasts
and are the most abundant noncollagen proteins in bones,
which play an important role in bone formation [29, 30].
β-CTX, a degradation product of C-terminal peptide of type
I collagen, is one of the most valuable markers for evaluating

osteoclast activity and bone resorption. Increased levels of β-
CTX indicate the decrease of bone density and the deteriora-
tion of bone quality [31]. Combined with the characteristics
of PRP therapy mentioned above, it can be concluded that
due to the use of PRP therapy in the observation group,
the bone metabolism markers and limb function were better
improved in patients from this group.

This study still shows limitations. This time, we failed to
use indexes that can better reflect inflammation to evaluate
the inflammatory response of patients. Nor have we investi-
gated patient compliance during treatment or their postop-
erative psychological states. Future efforts will be devoted
to addressing these limitations, so that the clinical treatment
plan will become more perfect.

To sum up, PRP+TKA can effectively improve the levels
of bone metabolism markers in patients with TA of the knee
and promote knee functional recovery, with favorable safety.
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Objective. This research is aimed at studying the effect of microwave ablation combined with the antiprogrammed death- (PD-) 1
monoclonal antibody on T cell subsets and long-term prognosis in patients suffering from non-small-cell lung cancer (NSCLC).
Methods. Employing the random number table technique, a total of 122 NSCLC patients who received treatment at our hospital
between May 2015 and June 2019 were selected and assigned to the observation group and the control group, and each group
comprised 61 patients (n = 61). While the control group received only anti-PD-1 monoclonal antibody treatment, the
observation group received microwave ablation in combination with anti-PD-1 monoclonal antibody. The clinical efficacy was
observed for both groups. The levels of T cell subsets (CD3+, CD4+, and CD8+), serum tumor markers (squamous cell
carcinoma antigen (SCCA), cytokeratin Ig fragment (CYFRA21-1), and serum carcinoembryonic antigen (CEA)), nuclear
factor kappa B (NF-κB), protease C (PKC), and mitogen-activated protein kinase (MAPK) mRNA expression between the two
groups were compared. The frequency of adverse reactions was observed in both groups. The survival time of both the groups
was recorded over the course of three years of follow-up. The Kaplan-Meier method was employed for analyzing the survival
of both the control and the observation group. Results. The response rate (RR) of the observation group (80.33%) was
considerably greater in comparison to that of the control group (62.30%) (P < 0:05). Following treatment, the observation
group’s levels of CD3+, CD4+, CD8+, SCCA, CyFRA21-1, and CEA and the mRNA expressions of NF-κB, PKC, and MAPK
were superior to those of the control group, with statistical significances (all P < 0:05). Between the two groups, there was no
significant difference in the occurrence of adverse reactions (P > 0:05). The observation group had greater 1-, 2-, and 3-year
survival rates (57.38%, 39.34%, and 29.51%) than the control group (32.79%, 18.03%, and 8.20%), with statistically significant
differences (all P < 0:05). Conclusion. Microwave ablation in combination with an anti-PD-1 monoclonal antibody could
effectively improve the level of T cell subsets and serum tumor markers in NSCLC patients, resulting in a long-term prognosis
of patients with good therapeutic effect and safety.

1. Introduction

Among malignant tumor diseases, lung cancer is highly
prevalent in China. With the elevated aggravation of air pol-
lution, the prevalence of lung cancer also increases globally.
Non-small-cell lung cancer (NSCLC) is responsible for
approximately 85% of cases of lung cancer, according to sta-
tistics [1, 2]. Most of the patients had been in the advanced
stage when diagnosed and had lost the chance of treatment

via surgery. Systemic chemotherapy was mostly used, but
its effect in improving the survival time of the patients is
not satisfying. According to the relevant studies, pro-
grammed death-1 (PD-1) can be used as an immune check-
point to inhibit T cell immune function by inhibiting the
dephosphorylation of tyrosine phosphatase SHP-2 in the
downstream signaling pathway of T cell antigen receptor.
When T cells are repeatedly stimulated by the tumor micro-
environment and chronic infection antigen, PD-1 expression
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level can be further promoted and T cell differentiation can
be induced to enter the depletion state [3, 4]. Immunother-
apy targeting immune checkpoint PD-1 and programmed
death ligand-1 (PD-L1) inhibitors is a new treatment scheme
for advanced lung cancer. PD-1 inhibitors such as pembroli-
zumab and nivolumab have achieved good clinical therapeu-
tic effects [5, 6]. Immunotherapy is relatively safe compared
with chemotherapy, but it may cause immune-related
adverse reactions. In latest years, the clinical treatment of
NSCLC has seen a significant increase in the use of percuta-
neous microwave curing therapy (PMCT). It has the benefits
of good efficacy, high safety, and low trauma. Microwave
heating can promote the coagulation and necrosis of tumor
tissue, increase the permeability of cell membrane and
nuclear membrane, and lead to the exposure of denatured
and degraded single-stranded DNA complex, which is con-
ducive to targeted treatment. Compared with traditional
radiofrequency ablation, microwave ablation also has the
advantage of ablating a large number of necrotic tissues in
a short procedure time, which can better treat perivascular
tissues and enlarge the ablation area [7]. This research
sought to determine the impact of anti-PD-1 monoclonal
antibody in combination with microwave ablation on the
level of T cell subsets and the long-term prognosis of
NSCLC.

2. Material and Methods

2.1. General Data. A total of 122 NSCLC patients who
received treatment at our hospital between May 2015 and
June 2019 were selected and assigned to the observation
group and the control group by employing the random
number table technique. Each group comprised 61 patients
(n = 61). The observation group consisted of 22 females
and 39 males. The average age was 59:67 ± 7:61 years, with
ages ranging from 32 to 82. According to the histopatholo-
gical classification of the patients, there were 37and 24 cases
of adenocarcinoma and squamous cell carcinoma, respec-
tively. TNM staging revealed that 13 patients were in stage
I, 9 were in stage II, 16 were in stage III, and 23 were in stage
IV. In 39 patients, the tumor was found in the right lung,
while in 22 patients, it was found in the left lung. There were
26 patients who had tumors larger than 3 cm and 35 patients
whose tumors were smaller than or equal to 3 cm. There
were 25 females and 36 males in the control group. The
mean age was 59:44 ± 7:63, with ages ranging from 30 to
83. As per the histopathological classification of the patients,
there were 39 and 22 cases of adenocarcinoma and squa-
mous cell carcinoma, respectively. There were 36 patients
with tumors in the right lung and 25 patients with tumors
present in the left lung, with 16 patients having stage I, 12
patients having stage II, 13 patients having stage III, and
20 patients had stage IV as per TNM staging. There were
31 patients suffering from tumors larger than 3 cm and 30
patients with tumors smaller than or equal to 3 cm. The
two groups’ general data were comparable (P > 0:05). The
Hospital Ethics Committee provided their approval for this
research.

2.2. Inclusion Criteria. (1) The diagnosis of NSCLC patients
was made by clinicopathological examination [8]; (2) the
Karnofsky Performance Status (KPS) score was >60; (3) life
expectancy was >6 months; (4) all patients signed their
informed consent and volunteered to take part in the study.

2.3. Exclusion Criteria. (1) Patients suffering from cardiopul-
monary dysfunction; (2) patients having other malignant
tumor diseases; (3) patients with severe hepatic and renal
insufficiency; (4) patients with serious cardiovascular and
cerebrovascular diseases; (5) patients with a history of pulmo-
nary fibrosis or interstitial disease; (6) patients having a history
of infusion reaction after antibody treatment; (7) patients with
uncorrected thrombocytopenia or coagulopathy.

2.4. Methods. The control group received an anti-PD-1
monoclonal antibody and the observation group received
microwave ablation in combination with an anti-PD-1
monoclonal antibody.

2.4.1. Microwave Ablation. The patient was fasted for 6 h
before surgery. Half an hour before surgery, the patient
was given 0.5mg atropine sulfate, 10mg diazepam intramus-
cular injection, and 30mg codeine tablet oral treatment. Ten
minutes before surgery, the patient was given a 10mg bucin-
perazine intramuscular injection. The puncture point, direc-
tion, and depth of the needle were determined according to
the tumor site revealed by the recent chest CT, and the
puncture point was marked on the surface of the chest wall.
At the puncture site, local anesthesia was administered using
5–15mL of 1% lidocaine. The patient was told to hold his
breath, and the microwave ablation antenna was inserted
at the predetermined site and heated for 3-5min at the
power of 60-75W. When the tumor diameter was smaller
than or equal to 3 cm, one-point ablation was given; and
when the maximum tumor diameter was greater than
3 cm, single-needle multipoint ablation or multineedle abla-
tion was given according to the tumor shape. For tumor >
3 cm, the ablation range was 0.5-1.0 cm beyond the tumor
edge, and it was appropriate when there was a ~0.5 cm wide
ground glass reaction zone around the tumor on the lung
window. During and 12 h after surgery, symptomatic treat-
ments, including ECG monitoring, oxygen inhalation, blood
oxygen saturation detection, intermittent listening to
double-lung breath sounds, infection prevention, and hemo-
stasis, were given to the patient. On day 1 postoperatively, a
chest X-ray examination was performed to observe whether
the patient had pneumothorax, liquid pneumothorax, and
other complications.

2.4.2. Anti-PD-1 Monoclonal Antibody Therapy. The patient
was treated by intravenous infusion of nivolumab injection
(Bristol-Myers Squibb holdings Pharma, Ltd. Liability Com-
pany, USA, Registration Certificate No.: S20180014) at a
dose of 3mg/kg for 60min. The treatment lasted for 6 cycles,
with a drip every 14 days.

2.5. Observational Indices. (1) Clinical efficacy: the curative
effects of the two groups were evaluated according to the
response evaluation criteria in solid tumors RECISTI.1,
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which included complete remission (CR), partial remission
(PR), stable disease (SD), and progressed disease (PD). CR:
the patient’s lesion disappeared entirely, and the mainte-
nance period lasted more than 4 weeks; PR: more than
30% of the lesion’s diameter was shortened, and the mainte-
nance period lasted 4 weeks; SD: the curative effect failed to
meet PR and PD standards; PD: the tumor’s total length and
diameter grew by more than or equal to 20%, or new lesions
developed. Response rate ðRRÞ = ðCR + PRÞ/total number of
cases × 100%. Total effective rate = significant effective +
effective. (2) Levels of T cell subsets: five milliliters of fasting
venous blood was drawn from each patient in the two
groups before and after treatment. The blood was subjected
to centrifugation for 15 minutes at 3000 rpm to separate
the serum. The levels of T cell subsets (CD3+, CD4+, and
CD8+) were measured via flow cytometry according to the
operation instructions. (3) Serum tumor markers: the levels
of squamous cell carcinoma antigen (SCCA), cytokeratin Ig
fragment (CYFRA21-1), and carcinoembryonic antigen
(CEA) in serum were determined by electrochemilumines-
cence immunoassay. (4) Appropriate amount of cancer cells
was extracted by percutaneous puncture, and RNA was
extracted by extraction kit. Extraction and reverse transcrip-
tion were performed with reverse transcription kits. The
nuclear factor kappa B (NF-κB), protease C (PKC), and
mitogen-activated protein kinases (MAPK) genes were
amplified by PCR kit. The kits were obtained from SBS Gen-
etech Co., Ltd. (Beijing, China). Prior to and following the
treatment, a comparison was drawn between the two groups
mRNA expression levels of NF-κB, PKC, and MAPK. (5)
Long-term prognosis: telephone and outpatient services
were employed for carrying out follow-up. In the first year,
follow-ups were conducted once per month; in the second
and third years, they were conducted once every three
months and once every six months, respectively. The two
groups’ survival times were noted, and the survival of both
groups was analyzed via the Kaplan-Meier method. (6)
Occurrence of adverse reactions: the WHO criteria were
used for evaluating the adverse reactions. Adverse reactions
were classified into levels 0 to 4. The incidence of digestive
tract reaction, liver and kidney function impairment, bone
marrow transplantation, hematotoxicity, and peripheral
neurotoxicity were compared between both groups

2.6. Statistical Analysis. All the data of this survey were
entered into Excel without communication between two
people and processed with the statistical software SPSS24.0.
Mean ± SD (�x ± s) represented the measurement data. When
the measurement data conformed to the normal distribution
and the variance was homogeneous, a t-test was adopted.
The counting data were described by cases and %. Fisher’s
exact probability method and the χ2 test were both utilized
to compare the disordered classification data, and both tests
were two-sided. P < 0:05 demonstrated statistical significance.

3. Results

3.1. Clinical Efficacy Comparison between the Two Groups.
The observation group’s RR was 80.33%, and the control

group’s RR was 62.30%, with statistically significant differ-
ences between the two groups (P < 0:05, Table 1).

3.2. Comparison of T Lymphocyte Subsets between the Two
Groups. Prior to treatment, no considerable differences were
observed between the two groups in regard to their CD3+,
CD4+, or CD8+ levels (all P > 0:05). Upon treatment, the
CD3+ and CD4+ levels increased and CD8+ levels reduced
in both groups. The observation group’s each index had an
increased degree of improvement as compared to the control
group, with statistically significant differences (P < 0:05,
Table 2).

3.3. Comparative Analysis between the Two Groups’ Serum
Tumor Markers. Prior to treatment, no considerable differ-
ences were observed between the two groups in regard to
their serum levels of CYFRA21-1, SCCA, or CEA (all P >
0:05). Following treatment, both groups’ serum levels of
SCCA, CYFRA21-1, and CEA decreased, and the observa-
tion group’s indices were lesser as compared to the control
group, with significant differences (P < 0:05, Table 3).

3.4. Comparison of Expression Levels of NF-κB, PKC, and
MAPK mRNA between the Two Groups. There were no con-
siderable differences between the two groups mRNA expres-
sion levels of NF-κB, PKC, and MAPK, prior to treatment
(all P > 0:05). Following the treatment, the expression levels
of NF-κB mRNA, PKC mRNA, and MAPK mRNA of both
groups were reduced, and the observation group’s indices
were lesser than those of the control group, with significant
differences (all P < 0:05, Table 4).

3.5. Comparison of the Two Groups’ Survival Time. The
observation groups’ 1-, 2-, and 3-year survival rates
(57.38%, 39.34%, and 29.51%) were greater than the control
group (32.79%, 18.03%, and 8.20%), with statistically signif-
icant differences (all P < 0:05; Table 5 and Figures 1–3).

3.6. Comparison Analysis of Adverse Reactions between the
Two Groups. No considerable differences were observed in
the occurrence of gastrointestinal reaction, liver and kidney
function impairment, bone marrow suppression, hemato-
toxicity, and peripheral neurotoxicity between both the
groups (all P > 0:05, Table 6).

4. Discussion

Percutaneous microwave ablation is a relatively safe mini-
mally invasive treatment. The only common contraindica-
tions are uncorrectable thrombocytopenia and coagulation
disorders, and the surgery can even be carried out in the
clinic. Patients with pulmonary dysfunction may experience
a temporary exacerbation of respiratory symptoms prior to
treatment and require oxygen therapy for a period of time
[9]. Microwave ablation is a local treatment. For patients
having peripheral lung cancer with tumor diameter < 3 cm,
a single-needle ablation can completely inactivate the
tumors. However, for tumors with a diameter > 5 cm, many
residues remain after treatment, which may lead to tumor
recurrence [10]. Multipoint, multidirectional, and multilevel
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Table 1: Clinical efficacy comparison between the two groups (cases, %).

Group CR PR SD PD RR

Observation group (n = 61) 29 (47.54) 20 (32.79) 8 (13.11) 4 (6.56) 49 (80.33)

Control group (n = 61) 20 (32.79) 18 (29.51) 14 (22.95) 9 (14.75) 38 (62.30)

χ2 4.848

P 0.028

Note: CR: complete remission; PR: partial remission; SD: stable disease; PD: progressed disease; RR: response rate.

Table 2: Comparison of the two groups’ T lymphocyte subsets (�x ± s, %).

Group
CD3+ CD4+ CD8+

Before treatment After treatment Before treatment After treatment Before treatment After treatment

Observation group (n = 61) 55:86 ± 5:70 67:41 ± 6:74a 36:73 ± 3:11 42:34 ± 3:45a 29:88 ± 2:49 20:74 ± 1:87a

Control group (n = 61) 55:18 ± 4:33 64:47 ± 6:08a 36:45 ± 3:07 40:16 ± 2:92a 29:44 ± 2:47 23:60 ± 2:16a

t 0.741 2.535 0.502 3.777 0.989 7.814

P 0.460 0.013 0.617 <0.001 0.325 <0.001
Note: compared to the same group’s pretreatment data, aP < 0:05.

Table 3: Comparison of serum tumor markers between the two groups (�x ± s).

Group
SCCA (ng/mL) CYFRA21-1 (μg/L) CEA (μg/L)

Before treatment After treatment Before treatment After treatment Before treatment After treatment

Observation group (n = 61) 9:50 ± 0:94 3:57 ± 0:56a 26:55 ± 2:74 12:80 ± 2:37a 66:07 ± 5:46 42:50 ± 4:38a

Control group (n = 61) 9:66 ± 0:99 5:73 ± 0:64a 25:91 ± 2:47 16:33 ± 3:08a 67:98 ± 5:40 46:35 ± 4:52a

t 0.911 19.867 1.348 7.036 1.939 4.765

P 0.364 <0.001 0.180 <0.001 0.055 <0.001
Note: compared to the same group’s pretreatment data, aP < 0:05.

Table 4: Comparison of expression levels of NF-κB, PKC, and MAPK mRNA between the two groups (�x ± s).

Group
NF-κB mRNA PKC mRNA MAPK mRNA

Before treatment After treatment Before treatment After treatment Before treatment After treatment

Observation group (n = 61) 0:91 ± 0:19 0:24 ± 0:12a 0:90 ± 0:14 0:24 ± 0:11a 0:93 ± 0:14 0:21 ± 0:11a

Control group (n = 61) 0:90 ± 0:11 0:53 ± 0:12a 0:91 ± 0:12 0:45 ± 0:15a 0:92 ± 0:14 0:48 ± 0:14a

t 0.446 13.325 0.337 8.469 0.322 11.795

P 0.656 <0.001 0.737 <0.001 0.748 <0.001
Note: compared to the same group’s pretreatment data, aP < 0:05.

Table 5: Comparison of the two groups’ survival time (cases, %).

Group
Follow-up for 1 year Follow-up for 2 years Follow-up for 3 years

Survival Death Survival Death Survival Death

Observation group (n = 61) 35 (57.38) 26 (42.62) 24 (39.34) 37 (60.66) 18 (29.51) 43 (70.49)

Control group (n = 61) 20 (32.79) 41 (67.21) 11 (18.03) 50 (81.97) 5 (8.20) 56 (91.80)

Log-rank χ2 7.980 9.039 11.210

P 0.005 0.003 0.001
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microwave ablation should be applied to tumors with a
diameter ≥ 3 cm, and the inactivation range should be
extended to 0.5-1.0 cm beyond the tumor edge as far as pos-
sible. However, distant metastasis or lymph node metastasis
usually exists in advanced lung cancer, so microwave abla-
tion alone is not suitable for the treatment of this kind of
tumor. PD-1 is an important immune checkpoint and is a
protective molecule of the body’s immune system. By inter-
acting with PD-L1, PD-1 can inhibit the inflammatory dam-
age caused by T cell overactivation and effectively maintain
the body’s peripheral tolerance. Utilizing this characteristic,
tumor cells overexpress immune checkpoint molecules to
inhibit human immune system response, escape immune
surveillance, and promote tumor cell growth [11, 12]. The
immunosuppressive tumor microenvironment can activate
the PD-1/PD-L1 signaling pathway, and blocking the PD-
1/PD-L1 signaling pathway reverses the tumor immune

microenvironment and increases the body’s immune sys-
tem’s capability of killing the cancerous cells. The anti-PD-
1 monoclonal antibody can effectively block the PD-1/PD-
L1 signaling pathway. In the present study, the observation
groups’ patients received microwave ablation in combina-
tion with the anti-PD-1 monoclonal antibody, so that the
efficacy of microwave ablation can be enhanced and the
effect of immunotargeted therapy can be fully played to. In
this study, RR (80.33%) in the observation group was sub-
stantially elevated than the RR of the control group
(62.30%) following the treatment, and the improved levels
of CD3+, CD4+, and CD8+ in the observation group were
greater than the control group after treatment, implying that
microwave ablation in combination with anti-PD-1 mono-
clonal antibody was superior to the lone use of anti-PD-1
monoclonal antibody for treating the NSCLC and can
enhance the patients’ cellular immunity in a more effective
manner. CD3+ T lymphocytes can play an immune role in
clearing tumor cells. CD4+ T lymphocytes, as auxiliary T
cells, can not only play a direct killing role on tumor cells
but also have immune memory function, playing a second-
ary immune role. CD8+ T lymphocytes are cytotoxic T lym-
phocytes, which can negatively regulate tumor immune
response and can be used to evaluate the patient’s autoim-
mune function [13, 14]. In the process of the development
of NSCLC, apoptosis of tumor-specific T cells and PD-1-
dependent and PD-1-independent mechanisms of media-
tion are closely related. PD-1-dependent mechanism can
promote the immune escape of tumor cells in NSCLC
patients. Peripheral blood T lymphocytes in NSCLC patients
may show abnormal expression levels, including decreased
CD3+ and CD4+ cells and increased CD8+ cells. Anti-PD-
1 monoclonal antibody therapy can effectively improve the
level of T lymphocytes in peripheral blood, relieve tumor
load, and restore abnormal lymphocyte subsets [15]. Micro-
wave ablation promoted tumor tissue necrosis and enhanced
the effect of immunotherapy by improving the permeability
of cell membrane and nuclear membrane. Therefore, the
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Figure 1: Survival curve of 1-year follow-up.
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Figure 2: Survival curve of 2-year follow-up.
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Figure 3: Survival curve of 3-year follow-up.
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improvement effect of the T lymphocyte subgroup level in
the observation group was better. Earlier research shows that
microwave ablation can promote the patient’s immune
response to malignant tumors [16]. Our study’s findings
are in accordance with those of the earlier research.

Serum tumor markers refer to substances produced,
secreted, or released by tumor cells into body fluid, blood,
cells, or tissues that can reflect the presence and growth of
the tumor. The expression level of serum tumor markers in
normal or benign tissues is extremely low, and its level is
highly associated with the incidence and progression of
malignant tumors. Thus, it can reflect the case classification
of tumor tissues and be used for disease analysis. As a solu-
ble glycoprotein antigen, CEA is widely present in embry-
onic tumor and adenocarcinoma tissues, and its positive
rate in lung adenocarcinoma is significantly higher than that
in squamous cell carcinoma [17]. CYFRA21-1, the soluble
fragment of cytokeratin Ig, is widely present in the cyto-
plasm of epithelial tumors such as esophageal cancer and
lung cancer. It is a new tumor marker and can be used for
the early diagnosis and prognosis of NSCLC [18]. Squamous
cell carcinoma patients’ serum contains significant amounts
of SCCA [19]. The current research demonstrated that after
treatment, serum levels of SCCA, CYFRA21-1, and CEA sig-
nificantly decreased in the observation group in comparison
to the control group, suggesting that anti-PD-1 monoclonal
antibody and microwave ablation together could more effec-
tively regulate the level of tumor markers. This may be
because of the fact that the thermal effect of microwave abla-
tion promotes irreversible necrosis of tumor tissue, destroys
tumor cells in large quantities, and reduces the tumor load of
the body. The combined therapy had an obvious tumor
reduction effect, and the observation groups’ level of serum
tumor marker was more significantly reduced.

Previous research demonstrated that the PKC, MAPK,
and NF-KB pathways are highly associated with the forma-
tion of VEGF. A series of cascade reactions among the three
pathways can promote the synthesis and secretion of VEGF
and promote tumor angiogenesis [20]. According to the cur-
rent research, the NF-KB mRNA, PKC mRNA, and MAPK
mRNA expression levels in the observation group were sub-
stantially enhanced as compared to the control group fol-
lowing the treatment, suggesting that microwave ablation
in combination with anti-PD-1 monoclonal antibody may

play a therapeutic effect by affecting PKC, MAPK, and NF-
KB pathways, but there is no relevant clinical study at pres-
ent. There, more research must be conducted to determine
its precise mode of action. In this study, the observation
group’s 1-, 2-, and 3-year follow-up survival rates (32.79%,
18.03%, and 8.20%) were greater as compared to the control
group (57.38%, 39.34%, and 29.51%), suggesting that combi-
nation therapy can more effectively enhance the patients’
long-term prognosis.

In the current research, there were no considerable dif-
ferences in the incidences of digestive tract reaction, liver
and kidney function impairment, bone marrow suppression,
hematotoxicity, and peripheral neurotoxicity between both
groups. Although an additional treatment method was
added to the observation group, adverse reactions were not
aggravated, indicating that microwave ablation was safe.

In conclusion, percutaneous microwave ablation com-
bined with an anti-PD-1 monoclonal antibody was effective
in the treatment of NSCLC. This combined therapy could
effectively improve the level of T lymphocyte subsets and
long-term prognosis with good safety and clinical value.
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Table 6: Comparison analysis of adverse reactions between the two groups (cases, %).

Group
Observation group (n = 61) Control group (n = 61)

χ2 P/Fisher’s exact
probability valueI/II grade III grade Total incidence I/II grade III grade Total incidence

Gastrointestinal
reaction

14 (22.95) 1 (1.64) 15 (24.59) 14 (22.95) 2 (3.28) 16 (26.23) 0.043 0.835

Liver and kidney
function impairment

1 (1.64) 1 (1.64) 2 (3.28) 2 (3.28) 1 (1.64) 3 (4.92) — 1.000

Bone marrow
suppression

14 (22.95) 2 (3.28) 16 (26.23) 13 (21.31) 1 (1.64) 14 (22.95) 0.177 0.674

Hematotoxicity 7 (11.48) 1 (1.64) 8 (13.11) 4 (6.56) 0 (0.00) 4 (6.56) 1.479 0.224

Peripheral
neurotoxicity

4 (6.56) 1 (1.64) 5 (8.20) 5 (8.20) 1 (1.64) 6 (9.84) 0.100 0.752
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Acute myocardial infarction (AMI) is the most severe form of coronary heart disease caused by ischemia and hypoxia. The study is
aimed at investigating the role of neuropeptides and the mechanism of electroacupuncture (EA) in acute myocardial infarction
(AMI) treatment. Compared with the normal population, a significant increase in substance P (SP) was observed in the serum
of patients with AMI. PGI2 expression was increased in the SP-treated AMI mouse model, and TXA2 expression was
decreased. And PI3K pathway-related genes, including Pik3ca, Akt, and Mtor, were upregulated in myocardial tissue of SP-
treated AMI patients. Human cardiomyocyte cell lines (HCM) treated with SP increased mRNA and protein expression of
PI3K pathway-related genes (Pik3ca, Pik3cb, Akt, and Mtor). Compared to MI control and EA-treated MI rat models, Myd88,
MTOR, Akt1, Sp, and Irak1 were differentially expressed, consistent with in vivo and in vitro studies. EA treatment
significantly enriched PI3K/AKT signaling pathway genes within MI-associated differentially expressed genes (DEGs)
according to Kyoto Encyclopedia of Genes and Genomes (KEGG). Furthermore, it was confirmed by molecular docking
analysis that PIK3CA, AKT1, and mTOR form stable dockings with neuropeptide SP. PI3K/AKT pathway activity may be
affected directly or indirectly by EA via SP, which corrects the PGI2/TXA2 metabolic imbalance in AMI. MI treatment is now
better understood as a result of this finding.

1. Introduction

Acute myocardial infarction (AMI) is the most severe man-
ifestation of coronary heart disease. More and more young
people are suffering from AMI, one of China’s most critical
public health problems [1]. It is primarily caused by rup-
tured coronary atherosclerotic plaques, which activates the
body’s platelets and coagulation process, eventually leading
to thrombosis and coronary artery blockage [2].

AMI causes ischemia and hypoxia in the myocardium,
which can cause pain, anxiety, and changes in cardiac func-
tion and promote sympathetic nerve activity. Neuropeptides
are important prognostic markers of AMI [3–6]. The release
of neuropeptide Y (NPY) from nerve fibers in the myocar-
dium reduces blood flow to the vascular tissue in the infarct
area [7]. Evidence suggests that substance P (SP) has a
vasodilatory effect on cardiomyocytes and a cardioprotective
effect during ischemic injury [8–11]. SP reduces the
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likelihood of MI-induced arrhythmias, because it activates
the PI3K/AKT signaling pathway and phosphorylates
GSK-3, thus enhancing the expression of anti-apoptosis-
related proteins and inhibiting the expression of proapopto-
sis proteins, thereby reducing inflammatory responses, thus
protecting the heart [12]. PI3K/AKT signaling is a key regu-
latory pathway in the development of ischemic arrhythmias.
Inhibition of this pathway causes mitochondrial damage
leading to apoptosis in cardiomyocytes, and low AKT phos-
phorylation and high miRNA-1 levels inhibit membrane ion
channel expression [12]. This changes the ion flow density,
cardiac action potential duration, and cell conductivity,
thereby inducing ischemic arrhythmias.

Electroacupuncture (EA) combines traditional manual
acupuncture with modern electrotherapy and is now widely
used to treat many conditions [13]. EA is commonly used to
treat neurovascular disorders such as stroke, chronic neuro-
pathic pain, and neurodegenerative diseases such as Alzhei-
mer’s disease [14–18]. EA exerts neuroprotective effects by
enhancing anti-inflammatory response to inhibit abnormal
glial cell activation and prevent neuronal loss [19]. Studies
have also demonstrated that EA increases the expression of
NPY in the hypothalamus and attenuates the stress response
under chronic stress conditions [20, 21]. Further, EA also
induces NPY expression in the paraventricular nucleus and
inhibits antihypertensive and sympathetic activities [22].
EA exerts its protective effect by activating sympathetic
alpha-adrenergic receptors in myocardial ischemic injury
[23, 24]. EA reduces heart rate, ST segment, and infarct size,
thereby alleviating myocardial injury in rats with AMI [25].
However, the mechanisms of EA in AMI treatment are
largely unknown. Therefore, we speculate that EA may treat
AMI by modulating neuropeptide expression.

The integration of computational techniques into tradi-
tional medicine is necessary for the integration of systems
biology into traditional medicine based on a holistic
approach [26–36]. In order to analyze the targets and key
pathways associated with AMI treated with EA in rat
models, data from the Gene Expression Omnibus (GEO)
database were retrieved in this study. Moreover, neuropep-
tide docking with target proteins was examined. It provides
new ideas for clinical treatment and drug development
of AMI.

2. Materials and Methods

2.1. Patients. All patient samples were collected with
informed consent in accordance with ethical standards.
After blood samples were collected and centrifuged to
extract serum, they were stored in ultracryogenic freezers
and thawed at post-room temperatures. RNA was also
extracted directly from blood cells.

2.2. AMI Animal Model. We purchased fifteen SPF Balb/c
mice (6-week-old males) from Shanghai SLAC Laboratory
Animal Co. Ltd. The mice were prebred for three days, then
randomly divided into three groups; the first group was the
surgical group, without ligation of the left anterior descend-
ing branch; the second group was the AMI group; and the

third group was the AMI+SP group. Following shaving of
the surgical scope, the surgical area was disinfected with
75% ethanol and anesthesia was administered by intraperi-
toneal injection with 3% sodium pentobarbital (80mg/kg).
Following anesthesia, tracheal intubation was performed to
monitor the mouse’s respiratory condition, and chest fluctu-
ation was consistent with ventilator frequency (110 bpm),
indicating successful intubation. With a 7-0 needle suture,
mice were posed left lateral supine so their hearts were fully
exposed, a little pericardium was torn, and the left anterior
coronary artery descending was exposed. Afterwards, the
chest was stitched layer by layer with muscles and skin.
Observe the mice closely after the surgery to determine their
basic health. The tracheal intubation was removed after the
mice naturally awoke. Within 45 minutes after surgery, mice
were injected with SP (5nmol/kg), where the first and sec-
ond groups received equal amounts of saline; about 1 week
after cultivation, cardiac blood was collected, and the mice
were sacrificed. Following the procedure above, mice were
quickly removed, washed in ice saline to ensure no obvious
blood stains, frozen at -20°C for 15 minutes, then cut into
1mm thick slices, placed in 5mL 1% TTC phosphate
buffer (pH 7.4) and 37°C water bath for 15 minutes, and
then weighed.

2.3. Cell Culture and RT-qPCR. DMEM high-glucose
medium, supplemented with 20% FBS, 1% double antibody,
and 37°C 5% CO2, was used to culture human cardiomyo-
cyte (HCM) cells. Inoculation is performed at constant tem-
peratures and humidity.

RNA extraction was performed with Trizol for cell,
blood samples, and tissues, where tissue suspension was
required before tissue RNA extraction, and then, Trizol
was added for RNA extraction. Extracted RNA was immedi-
ately reverse transcribed into cDNA (Takara Reverse Tran-
scription Kit) and stored at-20°C for further detection.
They were thawed at room temperature, and cDNA was per-
formed according to the RT-PCR kit of cell organisms.
Among them, 2-ΔΔCt calculations were performed, with
GAPDH as an internal reference.

2.4. ELISA. NPY and SP-1 concentrations were determined
using the Invitrogen ELISA kit, and human serum was
diluted 100-fold. Invitrogen ELISA kit was used to deter-
mine plasma levels after centrifuging rat blood to obtain
1000-fold diluted plasma.

2.5. Tissue and Cellular Protein Extraction. Infarct myocar-
dial tissue was extracted using RIPA (blue); supplemented
with protease inhibitors and phosphatase inhibitors by a
homogenizer (Tanon), for 30 minutes on ice; and centri-
fuged at 4°C 12,000 rpm for 5min; absorbed supernatants
were incubated at 100°C for 10min, and protein denatur-
ation was performed in a refrigerator at -20°C. Proteins were
denatured at 100°C for 10 minutes and stored at -20°C after
being treated with SP1 (1mol/L and 5mol/L) for 24 h in
RIPA supplemented with protease inhibitors and phospha-
tase inhibitors.
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2.6. Western Blot. Proteins were treated at different concen-
trations of SDS-PAGE (Yarase) and then gel electrophoresis
at 10% gel at 120V constant pressure for 100 to 120min and
300mA for 90 minutes; PVDF membranes were closed with
5% BSA for 1 h, blocked overnight with TBST, and the fol-
lowing day were incubated with the secondary antibodies
for 2 h.

2.7. Disease-Associated Genes. We downloaded two datasets
(GSE54132, GSE61840) relevant to EA treatment of MI from
the NCBI GEO database (https://www.ncbi.nlm.nih.gov/
geo/), and the platform annotation files were Illumina HiSeq
2000 Rat Gene expression arrays (GPL14844). Two MI rats,
three EA-treated MI rats, and three normal rats are included
in GSE54132; two MI rats, two EA-treated MI rats, and two
normal rats are included in GSE61840.

2.8. DEGs Associated with EA+MI. Combining the GSE54132
and GSE61840 datasets and preprocessing (background correc-
tion, normalisation, and log2 transformation) were done with R
4.0.2 (https://www.R-project.org). Multiple probes correspond-
ing to a common gene were averaged to determine its expres-
sion level. To eliminate batch effects between the two datasets,
the “sva” package was used. DEGs with P < 0:05 were screened
with the “limma” package, using ∣log2 fold change ðFCÞ ∣ ≥1:00
as the cut-off point for selecting DEGs. R software was used to
plot heat maps and volcano maps related to EA+MI.

2.9. GO and KEGG Pathway Enrichment Analysis of DEGs.
DAVID online tool was used to annotate DEGs based on
GO terms. There were three categories of biological pro-
cesses (BP), cellular components (CC), and molecular func-
tions (MF) included in the GO analysis. The Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis was
also completed. In order to understand the specific mecha-
nisms of EA treatment of MI, we used the pathview-
Bioconductor software (version 3.15) package to map
signaling pathways.

2.10. Protein and Neuropeptide Docking. Peptide-core pro-
tein docking was performed between SP and the receptor
protein to investigate their interaction. By homology model-
ing and exporting the 3D structure to PDB, we constructed
SP’s sdf structure from the PubChem database. We first
downloaded the PDB format of the receptor core protein
from the PDB website (http://www.rcsb.org/), dehydrated
and dephosphorylated the protein using PyMOL software,
and converted the SP and core protein structural domains
to the PDBqt format using AutoDockTools 1.5.6 software.
In order to calculate the molecular binding energy and show
the results of molecular docking, the Vina script was run.
The binding energy of a ligand and receptor can be less than
zero, and spontaneous binding can take place. Vina binding
energies ranging from -5.0 kcal/mol are used to evaluate the
accuracy of bioinformatics predictions for ligand-receptor
complexes.

2.11. Statistical Method. All experiments were performed
three times. The data are presented as mean ± SD (standard
deviation). Chi-square tests were used to analyze frequency

differences between two groups, and t-tests were used to
analyze differences between independent samples. P < 0:05
was considered statistically significant.

3. Results

3.1. SP Expression Was Increased in AMI Patients. Neuro-
peptides play roles in numerous diseases. Therefore, to inves-
tigate the role of SP in AMI, we collected blood from patients
with AMI, and the expression of the neuropeptides was mea-
sured using RT-qPCR. Compared to the normal population,
an increase in expression of SP, angiotensin II (Ang II), and
NPY was observed in the serum of AMI patients. Among
these, there was a significant increase in SP levels in AMI
patients (Figure 1(a)). ELISA results revealed that as compared
to the normal population, no significant difference (P > 0:001)
in NPY levels was observed in the serum of AMI patients
(Figure 1(b)). AMI patients’ serum SP levels were significantly
higher than those in the normal population, as shown in
Figure 1(c) (P < 0:001). The results of this study indicate a sig-
nificant increase in SP levels in AMI patients; however, its role
in the disease is unclear.

3.2. Mice with AMI Can Benefit from SP. To investigate the
effect of SP on acute MI, we established a mouse model of
acute MI by ligation of the left anterior coronary artery
descending and observed the effect of SP on AMI
(Figure 2(a)). We used myocardial infarcted mice as control
groups, and the SP-acting mice had both decreased infarct
area weight and infarct tissue proportion (infarcted myocar-
dial weight/total heart weight), indicating that SP was pro-
tective against AMI (Figures 2(b) and 2(c)).

3.3. SP Influences PGI2/TXA2 Axis Balance by Altering the
PI3K/AKT Pathway. Our results show a protective effect of
SP on AMI; however, SP’s mechanism of action on AMI is
unclear. In addition to the rupture of coronary artery plaque
to form a clot that blocks the lumen of the artery, an increase
in oxygen consumption by the myocardium and coronary
artery spasm can also induce AMI [1, 2]. Coronary spasms
are caused by various factors, like prostacyclin (PGI2) and
thromboxane A2 (TXA2) [3, 4]. Therefore, ELISA was used
to check the protein levels of PGI2 and TXA2 in the sera of
the mice. As shown in Figures 3(a) and 3(b), as compared to
normal mice, the levels of PGI2 and TXA2 were elevated in
acute MI mice. Further, compared to the control group, the
levels of PGI2 were higher in SP-treated MI mouse models.
However, compared to the control group, a decrease in the
levels of TXA2 was observed in SP-treated MI mouse models.
Therefore, we hypothesized that SP affected MI by altering
PGI2/TXA2 balance.

In the SP group, Pik3ca, Akt, andMtor gene expression was
increased, as shown in Figure 3(c). Therefore, we hypothesized
that the PI3K/AKT pathway was involved in the mechanism of
action of SP in AMI.We used western blotting to determine the
expression of AKT, p-AKT, and mTOR proteins. The results
reveal an increase in AKT, p-AKT, and mTOR expression in
AMI mice treated with SP compared to the control
(Figure 3(d)).
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Figure 2: SP can improve the symptoms in the AMI mouse model: (a) schematic representation of the AMI mouse model; (b) the weight of
infarcted myocardium (45min); (c) the weight of infarcted myocardium (7 d); ∗P < 0:05.
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Figure 1: SP expression is increased in AMI patients. (a) RT-PCR showed that SP, Ang II, and NPY were increased in AMI patients. (b)
ELISA results show NPY levels in the serum of AMI patients. (c) ELISA results reveal higher levels of SP in the serum of AMI patients.
∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001.
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To further analyze the mechanism of action of SP on
cardiomyocytes, the human cardiomyocyte cell line HCM
was treated with SP. RT-qPCR results revealed an increase
in the expression of PI3K pathway-related genes (Pik3ca,
Pik3cb, Akt, and Mtor) in HCM cells treated with SP
(Figure 3(e)) compared to untreated HCM cells. The protein
expression of these genes, as confirmed by western blotting,
was consistent with RT-PCR results. Therefore, it is
tempting to conclude that SP promotes AKT, p-AKT, and
mTOR expression in cardiomyocytes (Figure 3(f)). Taken
together, we show that SP influences the PGI2/TXA2 hemo-
stasis by the PI3K/AKT pathway, thereby alleviating the
symptoms of AMI.

3.4. Gene Expression Analysis of MI-Related Genes Treated
with EA. GSE54132 and GSE61840 datasets were retrieved
from the GEO database. The datasets used the same plat-
form (GPL14844, Illumina HiSeq 2000 array) for the high-
throughput mRNA sequencing of the EA-treated MI rat
model. The gene expression was normalized after prepro-
cessing and background correction. Differentially expressed
genes (DEG) were screened using linear models for microar-
ray data (limma) package. There were 551 DEGs between
the MI rat model and control rats, of which 346 were
expressed upregulated while 205 were expressed downregu-
lated. However, in EA-treated MI rats, a total of 541 DEGs
were observed, of which 197 were upregulated, and 344 were

0

2000

4000

6000

N
or

m
al

A
M

I

A
M

I+
SP

Th
e c

on
ce

nt
ra

tio
n 

of
 P

G
I2

 in
 p

la
sm

a (
pg

/m
L)

⁎⁎

⁎

(a)

0

200

400

600

N
or

m
al

A
M

I

A
M

I+
SP

Th
e c

on
ce

nt
ra

tio
n 

of
 T

XA
2 

in
 p

la
sm

a (
pg

/m
L) ⁎⁎ ⁎

(b)

M
yD

88
IR

A
K4

IR
A

K1
TR

A
F6

TA
B1

M
KK

3
N

FK
B1

IK
BK

B
N

FK
BI

A
PI

K3
CA

PI
K3

CB
A

KT
M

TO
R

0.0

0.5

1.0

0.5

2.0

2.5

Re
la

tiv
e e

xp
re

ss
io

ns
 o

f p
ro

te
in

s
in

 in
fa

rc
te

d 
m

yo
ca

rd
iu

m

⁎

⁎
⁎

⁎

⁎

⁎

⁎⁎

AMI
AMI+SP

(c)

Co
nt

ro
l

A
M

I

A
M

I+
SP

mTOR

p-AKT

AKT

GAPDH

(d)

M
yD

88
IR

A
K4

IR
A

K1
TR

A
F6

TA
B1

M
KK

3
N

FK
B1

IK
BK

B
N

FK
BI

A
PI

K3
CA

PI
K3

CB
A

KT
M

TO
R

0

1

2

3

4

5

Re
la

tiv
e e

xp
re

ss
io

n 
of

 p
ro

te
in

s i
n 

H
CM

 ce
ll

⁎⁎

⁎⁎

⁎

⁎

Control
SP (1 𝜇mol/L)

(e)

mTOR

p-AKT

AKT

GAPDH

SP
(1 𝜇mol/L)
SP
(5 𝜇mol/L)

–

– –

–+

+

(f)

Figure 3: SP affects the PGI2/TXA2 balance by influencing the PI3K/AKT pathway. (a) Determination of PGI2 concentrations in mouse
serum by ELISA; (b) determination of TXA2 concentrations in mouse serum by ELISA; (c) RT-PCR of Myd88, Irak1, Tab1, Nf-κb1,
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downregulated. The top 100 genes with the highest expression
in MI-CTR (control) and EA-treated MI rats were screened
for hierarchical cluster analysis, and the cluster heat map

(Figures 4(a) and 4(c)) and volcano map (Figures 4(b) and
4(d)) were constructed. Differential expression of Myd88,
Mtor, Akt1, Sp, and Irak1 was observed between MI-CTR
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Figure 4: DEGs associated with EA+MI based on microarray data. (a) Heat map of MI-CTR differentially expressed genes; (b) heat map of
MI-CTR differentially expressed volcanoes; (c) heat map of EA+MI differentially expressed genes; (d) heat map of EA+MI differentially
expressed volcanoes. Blue represents ascending genes; red represents descending genes. Genes marked with an asterisk have been
validated in the current experiment.
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and EA-treated MI rats, consistent with the experimental
results. There was no significant difference in the expression
profile of other genes.

3.5. DEG Related to EA-Treated MI. The VennDiagram R
package was used to reduplicate the intersection of DEG in
MI-CTR and EA-treated MI [37]. The results reveal 135
DEGs, of which 119 were upregulated and 16 were downreg-
ulated in MI. In the EA-treated MI model, 16 genes were
upregulated, and 119 were downregulated. There was an
inverse correlation between DEG on the MI-CTR and EA-
treated MI group. This indicates that EA treatment signifi-
cantly reversed the expression of DEG in MI compared to
the control group. Therefore, all 135 DEGs could be used
as a potential target for EA treatment of MI (Figure 5).
Table 1 shows the expression of the specific gene targets val-
idated in the previous experiments in the MI-CTR and EA-
treated MI groups.

3.6. GO and KEGG Pathway Enrichment Analysis of DEGs.
The Database for Annotation, Visualization and Integrated
Discovery (DAVID) was used for data processing and anal-
ysis, and P < 0:05 was used as a criterion selection of genes
for enrichment analysis. Gene Ontology (GO) analysis
revealed 135 DEGs and the biological processes, including
positive regulation of tumor necrosis factor production,
tumor necrosis factor superfamily cytokine production, cel-
lular responses to oxidized low-density lipoprotein (LDL)
particle stimulation, carboxylic acid transaminase, stimula-
tion of LDL particles, carboxylic acid transmembrane trans-
port, and organic acid transmembrane transport. Molecular
functions include neutral amino acid transmembrane trans-

porter activity, amino acid transmembrane transporter
activity, alanine, carboxylic acid, and organic acid trans-
membrane transporter activity. The cellular components
enriched were late endosomal membranes, lysosomal mem-
branes, lysosomal vacuolar membranes, proton-transporting
V-type ATPase complex AB, and the transcriptional regula-
tor complex (Figures 6(a) and 6(b)). Pathway enrichment
analysis was performed using the Kyoto Encyclopedia of
Genes and Genomes (KEGG) database (Figure 6(c)). KEGG
pathway analysis of 135 DEGs mainly enriched the NF-κB
signaling pathway, collecting ductal acid secretion, steroid
hormone biosynthesis, rheumatoid arthritis, PI3K/AKT sig-
naling pathway, etc. The pathview-Bioconductor software
(version 3.15) was used to show the potential signaling path-
ways associated with EA treatment of MI (Figure 6(d)).

3.7. SP-Core Protein Docking. Linear structure modeling was
performed on the neuropeptide amino acid sequence and
exported in PDB format. Three dimensional (3D) structures
of the core proteins MYD88, IRAK1, NFKB1, PIK3CA,
AKT1, and MTOR were downloaded from the PDB database
and exported in PDB format, and SP as the core structural
domain was converted using AutoDockTools 1.5.6 software.
The results reveal that the binding energies of the core pro-
teins PIK3CA, AKT1, and mTOR to SP were below -5.0 kcal/
mol, and the Root Mean Square Deviation (RMSD) was
<5.00 (Table 2). Combining the RMSD, chemical energy
and docking model, the core protein AKT1 formed the most
stable docking bond with SP. Finally, the results were
exported using Vina and PyMOL, and the 3D molecular
docking with protein ligands was demonstrated using Dis-
covery Studio 2019 software (Figure 7) (Table 2).

4. Discussion

Substance P (SP) is a tachykinin located mainly in the sen-
sory nerves and abundantly found in the cerebrum and
intestinal region. It is widely distributed in the central ner-
vous system and gastrointestinal system. It has nociceptive
transmission, participates in the inflammatory response
and immune regulation, and affects reproductive endocrine
functions. In the heart, SP is usually located in the coronary
artery [38–40]. To a lesser extent, the peripheral sensory
nerves are located in coronary endothelial cells [41]. Thus,
SP is a modulator of perception and released in response
to changes in coronary blood flow or pressure, such as dur-
ing myocardial ischemia [42]. SP is released within a minute
of ischemic injury [41], and SP level remains elevated even
during the reperfusion phase [10]. There is substantial evi-
dence that SP has a cardioprotective effect in ischemic injury
by mediating potent coronary dilatory effect on cardiomyo-
cytes [8–11]. SP acts as an immunomodulator by binding to
the neurokinin-1 receptor (NK-1R). NK-1R antagonism
inhibits the beneficial effects of SP in restoring contractile
function and coronary blood flow. In mouse isolated perfu-
sion heart model, NK-1R blocking resulted in increased left
ventricle (LV) diastolic blood pressure (DBP) and decreased
systolic function. In contrast, adding exogenous SP
decreased LV DBP and improved systolic function,

EA-MI-CTR
MI-CTR

416 135 406

MI-EA

Figure 5: Venn diagram showing EA treatment targets for MI.

Table 1: Target expression in MI-CTR and EA+MI.

Gene symbol
(Rattus norvegicus)

MI-CTR EA+MI
log2FC P value log2FC P value

Myd88 3.54 P < 0:001 -2.85 0.003

MTOR 6.26 P < 0:001 -6.68 P < 0:001
AKT1 6.06 0.003 -5.80 0.003

SP 1.79 0.016 -2.74 0.003

Irak1 1.69 0.025 -2.18 0.042
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Figure 6: Continued.
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Figure 6: DEG enrichment analysis using GO and KEGG. (a) GO functional analysis bubble diagram; (b) GO functional analysis histogram;
(c) KEGG functional analysis bubble diagram; (d) PI3K/AKT signaling pathway.
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suggesting that exogenous SP could also provide additional
protective effects over endogenous SP [8, 10].

EA has a protective role in myocardial ischemic injury
[23, 24]. EA reduces heart rate, ST segment, and MI area
and alleviates myocardial injury in rats with AMI [25]. EA
may also have a beneficial effect on ischemic heart disease
such as MI by reducing lipid peroxidation; promoting
energy metabolism, myocardial oxygen demand, and myo-
cardial enzyme activity; and altering cellular ultrastructure.
However, its mechanism of action is not yet clear [43–45].

Various studies have shown that the mechanism of EA
treatment is closely related to SP. The SP-mediated pathway
may be involved in the analgesic effect of EA in rats. Studies
have shown that inhibiting the SP signaling can significantly
enhance the analgesic effect of EA [46, 47]. EA may also
improve gastrointestinal symptoms by reducing the SP
expression in the colonic mucosa of patients with irritable
bowel syndrome [48]. Additionally, in hypertension or coli-
tis rat models, increased SP expression at acupoints leads to
neurogenic inflammation, extravasation of plasma, and
accumulation of subcutaneous water content. This results
in high conductance and low impedance, triggering acu-
puncture signaling [49, 50]. Elevated SP levels also increase
the therapeutic effect of EA [51, 52]. Consistent with previ-
ous studies, our results reveal that SP was differentially
expressed in MI-CTR and EA-treated MI rat models, sug-
gesting that SP may be involved in the effect of EA treatment
on AMI.

Several studies have shown that EA mediates its effect via
the PI3K/AKT pathway. EA significantly activates the PI3K/

AKT signaling pathway in ischemic brain tissue, thereby
exerting a neuroprotective effect in ischemic stroke, thus
improving learning and memory function in a cerebral
ischemia/reperfusion injury animal model [53, 54]. EA
ameliorates denervation-induced skeletal muscle atrophy
in rats via the PI3K/AKT signaling pathway [55]. In
addition, EA reduces pulmonary vascular remodeling in
the COPD model via the PI3K/AKT signaling pathway.
In spontaneously hypertensive rats, EA reduces phenotypic
transformation of vascular smooth muscle cells via the
PI3K/AKT signaling pathway [56, 57]. Our results reveal
that AKT and PIK3CA expression was upregulated in
AMI myocardial tissues and that AKT1 was differentially
expressed in MI-CTR and EA-treated MI rats. Therefore,
EA may play a therapeutic role in AMI via the PI3K/
AKT pathway.

PGI2/TXA2, a vasomodulator, was also involved in the
EA’s mechanism of action. Acute alcoholic liver injury ani-
mals showed higher levels of the vasoconstrictor TXA2 and
decreased levels of the vasodilator PGI2; EA stimulation par-
tially restored levels of PGI2/TXA2 in liver tissue [58]. EA
also affects vascular function in various diseases, including
vascular dementia, by reducing vascular hyporesponsiveness
in a portal hypertension rat model [25, 59]. The dynamic
homeostasis of PGI2/TXA2 is essential in maintaining nor-
mal vascular tone and patency, and an elevated ratio is asso-
ciated with atherosclerosis [60]. Consistent with the previous
studies, we report that both PGI2 and TXA2 levels were ele-
vated in the AMI mouse model and the involvement of
PGI2/TXA2 in the effect of EA treatment on AMI.

Table 2: Docking results for neuropeptide SP with core proteins using AutoDock Vina.

Protein Compound Structure Vina (kcal·mol-1) RMSD

Myd88 (5AIU) Substance P -1.5 0

Irak1 (6BFN) Substance P -4.4 2.372

Nfkb1 (5LW1) Substance P -4.5 0

Pik3ca (5SX8) Substance P -8.4 2.029

AKT1 (4EJN) Substance P -8.5 1.315

Mtor (2L0X) Substance P -5.4 3.0
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Figure 7: Continued.
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Atherogenesis is caused by a buildup of PGI2 in the body,
which inhibits TXA2, an arachidonic acid metabolite implica-
ted in platelet aggregation [61]. TXA2 is released by cardiac
muscle under hypoxia and early reoxygenation conditions
[62, 63], and cardiac-derived TXA2 could be responsible for
initiating the reperfusion injury in the heart [64]. Prostacyclin
(PGI2) is an endogenous prostaglandin formed and released

by endothelial cells with antiplatelet, vasodilatory, and cyto-
protective properties [65]. PGI2 can also inhibit endothelial
cell apoptosis and decomposition, which protects vascular
integrity [66]. Due to vasodilatory properties, PGI2 is cur-
rently used in treating pulmonary hypertension and critical
limb ischemia [67, 68]. It has been shown that patients after
coronary stenting treated with low-dose prostacyclin have

(d)

(e)

(f)

Figure 7: Molecular docking model of neuropeptide SP-core protein, Myd88-substance P-3D (a), Irak1-substance P (b), Nfkb1-substance P
(c), Pik3ca-substance P-3D (d), AKT1-substance P (e), and MTOR-substance P (f).
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improved endothelial function due to reduced levels of the sol-
uble endothelial biomarker, sE-selectin. In this study, PGI2
and TXA2 were elevated in mice with AMI compared with
normal mice. Further, in the SP-treated AMI mouse model,
the levels of PGI2 were higher than in the control mice. Com-
pared to the control group, a decrease in TXA2 levels was
observed in the SP-treated AMI mouse model. Therefore, it
is likely that SP may have a protective effect on AMI by
altering the balance of PGI2/TXA2.

In this study, upregulation in the expression of PI3K
pathway-related genes, including Pik3ca, Akt, and Mtor, was
observed in infarcted myocardial tissue of mice by RT-PCR.
Western blotting results reveal an increase in expression of
AKT, p-AKT, and MTOR in AMI treated with SP. Further,
human cardiomyocyte cells (HCM) treated with SP increased
mRNA and protein expression of PI3K/AKT pathway-related
genes (PIK3CA, PIK3CB, AKT, and MTOR). In addition,
analysis of high-throughput sequencing data retrieved from
the GEO database showed a differential expression of
Myd88, Mtor, Akt1, Sp, and Irak1 in MI-CTR and EA-
treated MI rat models. These results were consistent with the
in vivo and in vitro studies, while the remaining genes showed
no significant differences. KEGG analysis of DEG in EA-
treated MI tissues showed significant enrichment of the
PI3K/AKT signaling pathway.Molecular docking analysis also
confirmed that core proteins PIK3CA, AKT1, and MTOR
formed stable docking bonds with SP with binding energies
below -5.0kcal/mol. The core protein AKT1 formed the most
stable docking model with SP. Therefore, we postulate that SP
promotes the expression of AKT, p-AKT, and MTOR in car-
diomyocytes, thereby improving cardiomyocyte survival via
NK-1R activation. Our study is based on previous reports
and clinical data, validated by in vivo and in vitro studies.
However, the number of clinical samples was limited and
requires further in vivo validations.

5. Conclusion

EA regulates PGI2/TXA2 metabolism directly or indirectly
through SP to reduce myocardial cell injury and alleviate
the symptoms of AMI by affecting PI3K/AKT pathway
activity. It provides an idea for clinical drug research and
development.
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Cervical intraepithelial neoplasia (CIN) is a collective term for specific precancerous lesions associated with cervical cancer (CC).
Although it has been affirmed with slow development of several levels of cellular changes, the existing poor prognosis calls for an
urgent need to diagnose CIN at early stage and be aware of markers related to its pathogenesis and prognosis. We explored the
expression level of a newly marker GMFB and its regulatory effect on CIN and CC. Patient samples and cell models were
included. Bioinformatic studies were taken to predict its binding to miR-143-3p, miR-26b-5p, miR-191-5p, and miR-223-3p.
Luciferase reporter and RNA pull-down assays were used to validate the prediction. Edu assay and flow cytometry were used
to measure the regulation of GMFB on proliferation and apoptosis of CC cells. qRT-PCR was used for mRNA expression level
detection. The results showed that GMFB was targeted by miR-143-3p, miR-26b-5p, miR-191-5p, and miR-223-3p. It had
elevated expression in both CIN and CC samples. GMFB had highly prognostic value for CIN, and lymph node metastasis of
CC was much associated with high GMFB expression level. Besides, silencing of GMFB inhibited CC cell proliferation and
elevated cell apoptosis. In conclusion, we determined that GMFB has regulatory effect on high grade CIN and CC, which could
lighten a novel way in exploring their pathogenesis and improving accuracy of prognosis.

1. Introduction

Cervical intraepithelial neoplasia (CIN) is a collective term
for specific precancerous lesions associated with cervical
invasive carcinoma [1]. CIN consists of cervical carcinoma
in situ and cervical dysplasia and reflects the continuous
progress of cervical cancer (CC). CC is a series of patholog-
ical changes, from cervical dysplasia (mild to medium
severe) to carcinoma in situ, then early invasive carcinoma,
and finally invasive carcinoma [2]. CIN is usually caused
by certain types of human papillomavirus (HPV) and is sub-
classed into CIN 1, 2, and 3 as severity increases. It is diag-
nosed in view of the proportion of abnormal cells occupying
the cervical epithelium [3]. CIN is classified as precancerous
disease, even though only 9% of CIN 1 would develop into
CIN 3 [4], and approximately 30% of CIN 3 would develop
into CC [5].

CC is the most common gynecologic malignancy, with
the highest incidence rate of carcinoma in situ among
patients aged 30 to 35 years, and that of invasive carcinoma
among patients aged 45 to 55 years. In recent years, its onset
population is becoming younger [6]. Researchers have found
that persistent HPV infection, approximately 10–25 years,
would induce CIN to progress into CC [7, 8]. These slow cel-
lular changes calls for an urgent need to diagnose CIN at
early stage and be aware of markers related to its pathogen-
esis and prognosis.

In 2020, LCoR expression was found to be correlated
with CIN II progression, and RIP140 expression increases
significantly as CIN grade progresses, underlining their
potential role in the development of precancerous lesions
[9]. In 2021, it was found in CIN samples that WAPL acti-
vates estrogen receptor signaling in early tumorigenesis of
CIN, serving as a direct role in its induction [10]. Glia
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maturation factor-β (GMFB) is identified as the growth and
differentiation factor of glia and neurons. It has been
reported that GMFB induces ferroptosis in early diabetic ret-
inopathy [11]. Besides, Sun et al. have pointed that GMFB is
a novel biomarker and therapeutic target for hepatocellular
carcinoma [12]. Nevertheless, there is few reports analyzing
the role GMFB in high grade CIN or CC.

MicroRNAs (miRNAs) are small noncoding RNA mole-
cules that combine with the 3′-untranslated region (UTR) of
target mRNAs and modulate the expression of genes [13].
miRNAs affect the progression of several cancer types,
including CC, by altering the biological activities of pro-or
suppressor genes [14]. For example, miR-186-3p reduces
tumorigenesis of CC by targeting IGF1 [15]. miR-411 hin-
ders CC progression via binding to STAT3 [16]. In 2020,
as miRNAs evolved into a versatile tool to distinguish genet-
ical differences of cellular product [17, 18] and a diagnostic
marker for various types of cancer, Wittenborn et al. dis-
covered that a subpanel of six miRNAs (hsa-miR-26b-5p,
hsa-miR-142-3p, hsa-miR-143-3p, hsa-miR-191-5p, hsa-
miR-223-3p, and has-miR-338-3p) marked the CIN prog-
ress process and early stages of cervical squamous cell
carcinoma [19]. Therefore, we set about investigation from
the common target gene of these 6 miRNA markers and
found that GMFB was targeted by miR-143-3p, miR-26b-
5p, miR-191-5p, and miR-223-3p in common.

In summary, we proposed the hypothesis that GMFB has
regulatory effect on high grade CIN and CC, which could
lighten a novel way in exploring their pathogenesis and
improving accuracy of prognosis.

2. Materials and Methods

2.1. Bioinformatic Studies. GMFB was found to be poten-
tially targeted by miR-143-3p, miR-26b-5p, miR-191-5p,
and miR-223-3p in common using the microRNA Target
Prediction Database (miRDB, https://www.mirdb.org/),
which is a dedicated database released in Dec 2018, included
more than 8,500 experimental supporting articles on
miRNA-target interactions. The overall survival curve with
low/high GMFB TPM was referred from the Gene Expres-
sion Profiling Interactive Analysis (GEPIA, http://gepia
.cancer-pku.cn/), which was developed by Professor Zhang
Zemin Laboratory in 2017, Peking University. The platform
includes RNA sequencing data of 8587 normal tissues and
9736 tumor tissues from The Cancer Genome Atlas (TCGA)
and Genotype-Tissue Expression (GTEx) databases, mainly
used for gene correlation analysis, dimensionality reduction
analysis, gene expression analysis, survival analysis, similar
gene prediction, etc.

2.2. Patient Samples. A total of 15 cervical mucosal samples
were collected from CIN patients during cervical biopsies,
with 15 control samples collected from normal volunteers.
A total of 15 carcinoma samples were collected from CC
patients during hysterectomies, with another 15 control
samples collected from normal volunteers. All patients were
enroll in Yancheng First People’s Hospital from Jan. 2020 to
Jan. 2021 and informed with consent, along with normal

volunteers. Patients with recurrence of cervical malignan-
cies, undergoing treatment, or vaccination against HPV were
excluded. This study was approved by the Ethics Committee
of Yancheng First People’s Hospital.

2.3. Cell Culture. H8 (BFN607200572, BLUEFBIO, Shang-
hai, China) cells were cultured in DMEM high glucose
medium (Gibco, USA) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin (P/S). C33A
(CL-0045, Procell, Wuhan, Hubei, China) cells were cul-
tured in Minimum Essential Medium (Gibco, USA) supple-
mented with 10% FBS+1% P/S. HEK293T (CL-0005, Procell,
Wuhan, Hubei, China) cells were cultured in DMEM high
glucose medium (Gibco, USA) supplemented with 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin (P/S).
All cells were grown at 95% air and 5% CO2 at 37°C and
used 48 h later for subsequent experiments.

2.4. Cell Transfections. Short hairpin RNA (shRNA) against
GMFB (sh-GMFB#1 and #2) and its negative control (sh-
NC) were purchased from Fenghui Biotechnology (Chang-
sha, Hunan, China). NC mimics, miR-143-3p mimics,
miR-26b-5p mimics, miR-191-5p mimics, and miR-223-3p
mimics were obtained from GenePharma Co., Ltd. (Shang-
hai, China). All plasmids were cotransfected into C33A cells
using Lipofectamine™ 3000 transfection reagent (L3000015,
Thermo Fisher, USA) according to the product’s instruc-
tions. The cells were cultured at 37°C for 24 days and
analyzed.

2.5. Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR). Total RNA was extracted from C33A cells, cer-
vical mucosal samples or carcinoma samples using TRIzol
Reagent (15596-026, Ambion, USA). Hifair® II 1st Strand
cDNA Synthesis Kit (11119ES60, Yeasen, Shanghai, China)
was used for reverse transcription. SYBR Green FAST
Mastermix was used for PCR process (Qiagen, Dusseldorf,
Germany). The relative expression level was analyzed by
the 2−ΔΔCT method. GAPDH was used to normalize the
expression of corresponding gene. The primer sequences
were listed below: GMFB: (F) 5′-GTCCTGTTGGATGT
AAGCCT-3′, (R) 5′-TGGTTAGTTCAGCTGTCTGG-3′;
GAPDH: (F) 5′-TCAAGATCATCAGCAATGCC-3′, (R)
5′-CGATACCAAAGTTGTCATGGA-3′.

2.6. RNA Pull-Down Assay. RNA pull-down assay was con-
ducted using CIN tissues and Pierce™ Magnetic RNA-
Protein Pull-Down Kit (20164, Thermo Fisher, USA).
Biotin-labeled probes targeting GMFB (bio-GMFB) and the
negative control-biotin (bio-NC) were mixed with streptavi-
din magnetic beads (80μl), washed twice using TRIS buffer
and incubated at room temperature for 25min. The CIN tis-
sues were lysed and mixed with pretreated magnetic beads
labeled with probes overnight at 4°C. The magnetic beads
were treated with 60μl elution buffer for 45min at 37°C to
extract GMFB -associated miRNAs, followed by qRT-PCR
analysis.
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2.7. Luciferase Reporter Assay. GMFB 3′UTR was loaded in
pmirGLO dual-luciferase vectors (Promega, Madison, WI,
USA). HEK293T cells cotransfected with NC mimics, miR-
143-3p mimics, miR-26b-5p mimics, miR-191-5p mimics,
and miR-223-3p mimics together with luciferase reporter
vectors were seeded in 24-well plates. Luciferase activities
were determined and normalized using Dual-Luciferase
Reporter Assay System (Promega).

2.8. Edu Assay. Edu assay was conducted using EdU Cell
Proliferation Kit (E607204-0050, Sangon Biotech, Shanghai,
China). The EdU solution was added to the cell complete
medium at 1 : 500 ratio to make 2x EdU medium and added
to the original cell medium to obtain 1x EdU solution (the
final concentration of EdU was 10μM). The 24-well plates
were incubated with 300μl of EdU medium per well for
2 h and the medium was discarded. The plates were washed
twice using 1X PBS for 5min each. The plates were treated
with 150μl of 4% paraformaldehyde per well at room tem-
perature for 30min, and then 100μl of the configured detec-
tion mixture per well free of light at room temperature for 30
minutes. The plates were washed with 300μl of 0.5% Triton
X-100 cell permeabilization solution for 2 to 3 times for

10min each and then added and treated with 300μl 1x
Hoechst of staining solution per well for 20 to 30 minutes
at room temperature. Cells were washed twice with 300μl
PBS per well. A fluorescence microscope photograph was
taken immediately after the staining.

2.9. Flow Cytometry. Cells were centrifuged at 300 g and 4°C
for 5min. Afterwards, they were washed twice with pre-
cooled PBS, with a centrifugation at 300 g and 4°C for
5min each time. Then, the cells were resuspended with
100 l 1 × binding buffer. Five μl annexin V-FITC and 10μl
PI Staining Solution were mixed with the cells. The reaction
lasted for 10-15min without light at room temperature. The
mixture was treated with 400L 1 × binding buffer and placed
on ice, and the samples were detected by flow cytometry
within 1 hour. The assay was conducted using annexin
V-FITC/PI Apoptosis Detection Kit (A211-01, Vazyme,
Nanjing, Jiangsu, China). FITC+ and PI− cells were defined
as apoptotic cells.

2.10. Statistical Analysis. SPSS 20.0 statistical software was
used for statistical analysis. All experiments were performed
thrice independently. All the data were expressed as mean
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Figure 1: GMFB is targeted by miR-143-3p, miR-26b-5p, miR-191-5p, and miR-223-3p (a) miRNAs listed in previous paper [19] and their
common target GMFB predicted by miRDB. (b) Binding sites between GMFB and corresponding miRNAs predicted by miRDB. (c) Relative
enrichment of miRNAs in CIN tissue bind to bio-GMFB/NC, detected by RNA pull-down assay. (d) Relative luciferase activity of pmirGLO-
GMFB 3′UTR in HEK293T cells transfected by corresponding miRNA mimics. ∗∗P < 0:01, ∗∗∗P < 0:001.
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± SD with P < 0:05 as a statistical significance. One-way
analysis of variance (ANOVA) with Dunnett’s test and stu-
dent’s t-test were used for comparison between groups. Sen-
sitivity and specificity were calculated, with ROC curves
built by mapping true-positive rate (sensitivity) against
false-positive rate (1 − specificity).

3. Results

3.1. GMFB Is the Target of miR-143-3p, miR-26b-5p, miR-
191-5p, and miR-223-3p. Previous paper [19] has discovered
that miR-143-3p, miR-26b-5p, miR-191-5p, and miR-223-
3p could serve as the biomarkers of CIN. miRDB was used
to predict their common target, and it turned out that GMFB
was targeted by thesemiRNAs in common (Figure 1(a)). Their
binding sites were shown in Figure 1(b). Detected by RNA
pull-down assay, bio-GMFB group had relatively higher
enrichment of miR-143-3p, miR-26b-5p, miR-191-5p, and
miR-223-3p in CIN tissue than bio-NC group (Figure 1(c)).
Luciferase reporter assay results demonstrated that in
HEK293T cells transfected with miRNA mimics, miR-143-
3p, miR-26b-5p, miR-191-5p, and miR-223-3p groups, all
showed relatively lower luciferase activity of pmirGLO-
GMFB 3′UTR than cells transfected with NC mimics, sug-
gesting that GMFB was directly targeted by miR-143-3p,
miR-26b-5p, miR-191-5p, and miR-223-3p (Figure 1(d)).
These results suggested that GMFB was the target of miR-
143-3p, miR-26b-5p, miR-191-5p, and miR-223-3p.

3.2. GMFB Shows Upregulation in High-Grade CIN. Cervical
mucosal samples were collected from normal volunteers and
CIN patients to determine their GMFB expression levels.
qRT-PCR results suggested that GMFB expression elevated
significantly in CIN 2 and CIN 3 groups than in the control
group, with evidently higher level in CIN 3 group than in the
CIN 2 group (Figure 2(a)). Researches before have eluci-
dated that the presence of HPV elevated the future risk of
high grade CIN [20] and would even cause CC by a persis-

tent infection [8]. Therefore, to further investigate GMFB
expression in high-grade CIN, 15 patients with CIN 2-3 were
divided into a positive group [10] and a negative group [5]
according to HPV type, their information detailed in
Table 1. Detected by qRT-PCR, HPV positive group showed
significantly higher expression of GMFB than HPV negative
group (Figure 2(b)). ROC curve analysis were performed
using samples from 10 patients reported dead and 5 survived
patients as negative control. The ROC curve was made
according to the GMFB expression in corresponding sam-
ples, which showed that AUC was 0.9 (P = 0:0237 < 0:05),
much close to 1, indicating GMFB had highly prognostic
value for CIN (Figure 2(c)). These results showed that
GMFB was upregulated in high-grade CIN samples, espe-
cially in HPV positive ones and could serve as the diagnostic
marker for CIN prognosis.
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Figure 2: GMFB shows upregulation in high-grade CIN (a) Relative GMFB expression in control and high-grade CIN groups (CIN 2 and
CIN 3), detected by qRT-PCR. (b) Relative GMFB expression in HPV negative and positive groups, sampled from high-grade CIN patients,
detected by qRT-PCR. (c) ROC curve of GMFB expression in dead and survived patients. ∗∗P < 0:01, ∗∗∗P < 0:001.

Table 1: List of patients with CIN 2-3.

No. CIN level Age HPV type

1 2 37 Negative

2 2 32 Positive

3 2 33 Positive

4 2 28 Negative

5 3 48 Negative

6 3 41 Positive

7 3 43 Positive

8 3 42 Positive

9 3 34 Positive

10 3 31 Negative

11 3 36 Negative

12 3 42 Positive

13 2 40 Positive

14 2 27 Positive

15 3 41 Positive

4 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

3.3. GMFB Is Upregulated in CC. To measure the expression
level of GMFB in CC, paracancerous tissues and CC tissues
were sampled as the control group and the cancer group.
qRT-PCR results suggested that GMFB was significantly
upregulated in the cancer group compared to that in the
control group (Figure 3(a)). Overall survival curves pro-
vided by GEPIA database revealed that CC patients with
low survival rate had high expression of GMFB, indicating
that GMFB was related to the poor prognosis of CC
(Figure 3(b)). To further determine the association
between GMFB expression and the clinicopathological fea-
tures of CC patients, 15 CC patients were enrolled for
analysis with their information detailed in Table 2, which
turned out that lymph node metastasis was much associ-
ated with high GMFB expression level (Figure 3(c)).
Lymph node metastasis has been reported to be the main
metastatic pathway and the most critical factor in the
prognosis and recurrence of CC [21], thus confirming
and explaining the poor prognostic value of GMFB in
CC diagnosis. Detected by qRT-PCR, C33A cells showed
significantly higher expression level of GMFB than H8
cells, again validating our finding, and was chosen to be
our experimental subject in in vitro assays. These results
suggested that GMFB was upregulated in CC tissues and
cells and was related to the poor prognosis of CC.

3.4. GMFB Is an Oncogene in CC. To investigate the regula-
tory effect of GMFB on CC, sh-GMFB was transfected into
C33A cells, interference efficiency detected by qRT-PCR
(Figure 4(a)). Assessed by Edu assay, C33A cells transfected
with sh-GMFB showed significantly less Edu positive cells
(Figure 4(b)), indicating that sh-GMFB attenuated the pro-
liferation of C33A cells. Furthermore, flow cytometry results
suggested the apoptosis rate of C33A cells transfected with
sh-GMFB was significantly increased (Figure 4(c)) com-
pared to those transfected with sh-NC, demonstrating that
sh-GMFB suppressed the proliferation of C33A by promot-
ing apoptosis. These results suggested that GMFB was an

oncogene in CC that regulate cell proliferation by control-
ling apoptosis.

4. Discussion

CIN, serving as the precancerous lesions of CC, became
the target direction for research related to CC in recent
years. In 2013, Tornesello et al. mentioned that the detec-
tion of p16INK4a and Ki67 improves the identification of
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Figure 3: GMFB shows upregulation in high-grade CC (a) Relative GMFB expression in control and cervical cancer groups, detected by
qRT-PCR. (b) Overall survival curves of patients with high/low GMFB expression, referred from GEPIA. (c) Relative GMFB expression
in H8 and C33A cells, detected by qRT-PCR. ∗∗∗P < 0:001.

Table 2: Association of GMFB expression and the
clinicopathological features of patients with cervical cancer.

Characteristics
GMFB expression

Patient Low High
P

n = 15 n = 7 n = 8
Age

50 8 3 5
0.6193

≥50 7 4 3

FIGO stage

I 11 5 6
>0.9999

II 4 2 2

Tumor diameter

≤4 cm 12 6 6
>0.9999

4 cm 3 1 2

Differentiation grade

Middle + low 9 5 4
0.6084

High 6 2 4

Lymph node metastasis

Yes 7 0 7
0.0014∗∗

No 8 7 1

Vasoinvasion

Yes 4 2 2
>0.9999

No 11 5 6
∗∗Significant P values (P < 0:01).
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premalignant lesions that have a high risk to evolve into
invasive CC, such as CIN [22]. In 2019, Huang et al. put
forward that 54.8% of the gene mutations detected in
CIN specimens occurred in CC specimens as well [23]. It
was measured in [24] 2017 that the immunoreactivity of
both cytoplasmic and nuclear p16INK4A was absent in
normal cervical tissue, while positive in CIN 1 (25%),
CIN 2 (50%), CIN 3 (75%), squamous cell carcinoma
(75%), and adenocarcinoma (100%) suggesting the prog-

nostic value of p16INK4A in the management of CC.
These results were consistent with our finding that there
exists specific proteins which were upregulated in both
CC and CIN specimens. The qRT-PCR results suggested
that GMFB expression was elevated significantly in the
CIN groups than in the control group, with evidently
higher level in the high-grade CIN group. The HPV posi-
tive group showed significantly higher expression of GMFB
than the HPV negative group. The ROC curve analysis
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Figure 4: GMFB is an oncogene in CC. (a) Relative interference efficiency of C33A transfected with sh-GMFB. (b) Proliferation of C33A
cells and percentage of Edu positive cells, assessed by Edu assay. (c) Apoptosis rate of C33A cells, assessed by flow cytometry. ∗∗P < 0:01,
∗∗∗P < 0:001.

6 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

indicated that GMFB has highly prognostic value for CIN. CC
specimen suggested that GMFB expression is elevated in CC
tissues and cells and marked the poor prognosis of CC.

Glia maturation factor (GMF), first isolated from
bovine brain in 1972, is a growth and differentiation factor
[25], consisting of GMF-γ and GMFB. In 1989, GMFB was
first purified from crude GMF [26]. Previous work has
found that the expression of GMFB would elevate due to
neuroinflammation and neurodegeneration, to modulate
the expression of neurotrophin, granulocyte-macrophage
colony-stimulating factor and superoxide dismutase [27].
In 2010, GMFB expression in serous ovarian carcinoma
was found to be significantly enhanced than that in normal
epithelium, benign serous adenoma, and borderline serous
adenoma tissues and was associated with poor disease-free
survival and overall survival [28]. In 2020, Sun et al. have
proposed that GMFB expression was significantly upregu-
lated in patients with hepatocellular carcinoma and posi-
tively coexpressed with tumor node metastases stage and
histopathological grade of hepatocellular carcinoma [12].
However, the regulatory effect of GMFB in CIN and CC
has few relevant reports.

It has been reported that silencing of GMFB hindered
cell proliferation and migration in hepatocellular carci-
noma [12]. Our results proved GMFB to share similar
behavior in CIN/CC as in other carcinomas, which has
not previously been reported. Especially, to investigate the
regulatory effect of GMFB on CC, Edu assay and flow
cytometry were performed. The results suggested that com-
pared to the control group, the sh-GMFB group showed
suppressed proliferation of C33A, suggesting that GMFB
is an oncogene in CC that regulate cell proliferation by
controlling apoptosis.

There are several limitations in our study. First, the
in vivo experiments were not performed to verify the effect
of GMFB on tumor growth and metastasis. Additionally,
whether GMFB promoted CC cell proliferation via regulat-
ing signaling pathways was unclear. Therefore, further
researches will be carried out to perfect our study.

In conclusion, the regulatory effect of GMFB on CIN and
CC was detected in our research, with the inner mechanism
explored on account of apoptosis and proliferation, which
proved for the first time that GMFB could be considered as
a prognostic predictor for CIN/CC patients.
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Gastrointestinal dysfunction (GD) is a common complication after endotoxemia, which can further aggravate the progress of
infection. Acupuncture uses metal needles of different shapes and techniques to stimulate specific points on the human body,
which are effective in treating various diseases, including gastrointestinal diseases. We aimed at exploring the clinical effect of
acupuncture on the recovery of visceral sensation, proximal gastric compliance, and autonomic nervous function in patients
with septic GD. A total of 73 sepsis with GD patients were selected using modified single section ultrasonography combined
with clinical symptoms in the First People’s Hospital of Lanzhou City during 2019. The participants were randomly allocated
to routine-treatment (control group) and study group receiving acupuncture. The indexes before and after treatment included
gastric residue, gastric dilatation, pressure and volume, gastric compliance, autonomic nerve function, APACHE II score, and
infection index were measured and compared. Before treatment, there was no significant difference in the basic information of
the two groups, including gastric volume and pressure, gastric residue, gastric compliance, autonomic nerve function, and
APACHE II score. After treatment, the maximum gastric volume and pressure, gastric residue, and APACHE II score of the
two groups were significantly improved (P < 0:05). In addition, the maximum gastric volume and pressure of the study group
were significantly higher, while gastric residual, autonomic nerve function, and APACHE II were significantly lower than those
of the control group (P < 0:05). However, our results showed that acupuncture did not further reduce inflammatory markers,
including white blood cells, C-reactive protein, and procalcitonin. To sum up, on the basis of basic treatment, the application
of acupuncture can further improve the clinical symptoms of GD in patients with sepsis, enhance gastrointestinal motility, and
improve autonomic nervous function, which is worthy of clinical application and promotion.

1. Introduction

Sepsis causes homeostasis imbalance and leads to multiple
organ dysfunction, which determines its high risk and
refractory [1, 2]. Gastrointestinal tract is the main target
organ and “stress response center” of sepsis. Gastrointestinal
dysfunction (GD) is the most common and important prog-
nostic factor in multiple organ dysfunction syndrome
(MODS) [3]. Similarly, GD is also the “starting organ”,

which can expand the inflammatory response and affect
the prognosis of sepsis [4]. GD induced by sepsis is a clinical
manifestation that involves impaired gastrointestinal func-
tion after the systemic inflammatory response caused by
infection, and is one of the essential causes of exacerbation
and death in critically ill patients [5]. In addition, gastroin-
testinal dysfunction in sepsis accounts for a large proportion
of MODS, with a high morbidity and mortality rate, and an
extremely poor prognosis [6]. Therefore, actively improving
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the gastrointestinal function of patients is of great signifi-
cance to improve the success rate of sepsis treatment.

For GD, the current western medicine treatment mode is
mainly based on its etiology and clinical symptoms, such as
antidiarrheal, analgesic, laxative, and promoting gastric
motility [5]. However, there are still some patients with
GD eventually leading to further deterioration of infection
[7]. In recent years, traditional Chinese medicine treatment
has been proved to have significant improvement effect in
the study of gastrointestinal function in patients with sepsis
[6, 8]. Therefore, to explore the characteristic therapy of tra-
ditional Chinese medicine and to use the advantages of tra-
ditional Chinese medicine to treat this disease has broad
prospects and important significance.

Currently, a large number of studies have found that
acupuncture plays an important role in gastrointestinal
motility [7, 9]. Acupuncture, as the most commonly used
technique in traditional Chinese medicine, mainly uses
metal needles of different shapes and different techniques
to stimulate certain acupoints on the human body. Through
the channels and acupoints, adjust the human body viscera
qi to achieve the purpose of treatment [10]. It has been
reported that acupuncture can promote the recovery of
gastrointestinal function in patients with GD after abdomi-
nal surgery on the basis of conventional western medicine
treatment [11]. Also, acupuncture can reduce the systemic
inflammatory response of patients with sepsis, promote the
recovery of body functions, and improve clinical symptoms
and prognosis. Acupuncture has a significant improvement
effect on GD induced by sepsis, which mainly focuses on 2
aspects: inhibition of inflammation and immune promotion.

Based on previous studies, our aim is to confirm thera-
peutic effect of acupuncture in patients with septic GD.
The indexes included gastric residue, gastric dilatation, pres-
sure and volume, gastric compliance, autonomic nerve func-
tion, acute physiology, and chronic health evaluation II
(APACHE II) score and infection index were detected before
and after treatment. This study will provide further evidence
as to whether acupuncture should be included in enhanced
recovery for patients with septic GD.

2. Methods

2.1. Study Design. This study is a prospective, observational,
and randomized control trial. It was conducted in 2019 and
approved by the Ethics Committee of the First People’s Hos-
pital of Lanzhou City (approval number: G2019-7). All pro-
cedures were performed in accordance with the relevant
guidelines and regulations. Informed consent forms have
been obtained from all representatives of the patients.

2.2. Patients. A total of 73 patients with septic GD were
selected from the First People’s Hospital of Lanzhou City
and randomly divided into control group (n = 36) and study
group (n = 37) [12]. Inclusion criteria: (1) conform to the
diagnosis criteria of sepsis as proposed in the Third Interna-
tional Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3) [13]]; (2) conform to the diagnostic criteria of
GD grade II-III; (3) patients and their families received acu-

puncture treatment. Exclusion criteria: (1) did not meet the
diagnostic criteria of sepsis and GD grade II-III; (2) mental
disorders, pregnant women, or lactating women; (3) ICU
stay < 3 days; (4) ≤18 years of age; (5) esophagus, stomach,
or intestinal medical and surgical histories or primary injury
to the gastrointestinal tract; (6) patients and their families
were unwilling to receive acupuncture treatment. There were
18 males and 18 females in the control group, with an aver-
age age of 70:32 ± 8:58 years old. In the study group, there
were 19 males and 18 females, with an average age of
70:22 ± 9:14 years old. There was no significant difference
in gender or age between the two groups.

2.3. Determination of White Blood Cells (WBC), C-Reactive
Protein (CRP), and Procalcitonin (PCT) Levels. After 8 h of
fasting, 5ml of fasting peripheral venous blood was collected
from the patient, and the samples were immediately tested
on the machine for CRP and PCT. The WBC count was per-
formed using a Glitter GRT-6001 hematology analyzer. CRP
level was evaluated using Myriad BC5390 fully automated
hematology analyzer for latex-enhanced immunoturbidime-
tric assay. PCT assay was conducted using Radiometer
AQT90 rapid immunoassay and time-resolved fluorescence
immunoassay.

2.4. Ultrasonic. The modified single section method of gas-
tric antrum was used for obtaining the contraction area of
gastric antrum of patients before and after treatment of acu-
puncture. The superior mesenteric vein, the abdominal
aorta, and the left lobe of the liver were used as sinusoidal
landmarks, and the sinusoids were probed at the mid-
upper abdominal body surface landmark points to deter-
mine the size of the sinusoidal area during fasting. The gas-
tric cavity was filled with warm water orally in healthy
subjects and via gastric tube in critically ill patients. The
maximum diastolic area of the gastric sinus was measured
immediately after filling, and then repeated every 5 minutes
until the liquid dark area in the stomach disappeared, which
was the gastric emptying time (GET).

2.5. Treatments. On the basis of anti-infection and organ
function support treatment, the control group was treated
with gastrointestinal motility drugs. Referring to the Inter-
national Guidelines for the Treatment of Sepsis and Infec-
tious Shock (2016), the treatment for the control group
included: (1) organ support treatment by ventilator, hemofil-
tration, and vasoactive drugs to maintain basic vital signs;
(2) symptomatic treatment such as fluid resuscitation and
anti-infection; (3) protection of the gastrointestinal barrier
mucosa when GD occurred; (4) regulation of microecology,
improvement of intestinal microcirculation, and reduction
of gastrointestinal mucosal permeability; and (5) symptom-
atic support treatment such as strengthening enteral nutri-
tion and promoting gastrointestinal motility.

In contrast, on the basis of anti-infection and organ
function support treatment, the study group was given an
acupuncture treatment. Acupuncture will be performed by
a licensed acupuncturist who holds a China Acupuncturist
Certification, with at least 2 years of clinical experience in
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acupuncture. Acupuncture points included Shangwan,
Zhongwan, Xiawan, bilateral Tianshu, Guanyuan, Qihai,
bilateral Zusanli, and bilateral Gongsun. Both groups were
observed for 1 week. The needle used is ‘Hua Tuo brand’ dis-
posable sterile needles, with diameter 0.30mm and length
40mm, the manufacturer is Suzhou Medical Supplies Fac-
tory Co. The site of insertions will be swabbed and disin-
fected with 75% alcohol before needle insertion.

Shangwan is located in the Ren channel. It is the meeting
point with the foot yangming stomach meridian and the
hand sun small intestine meridian and has the function of
strengthening the spleen and stomach, and of clearing and
distributing turbidity. Positioned on the anterior median
line, 5 inches above the umbilicus; the operation is to pierce
1 inch directly and retain the needle for 30 minutes.

Zhongwan is located in the Ren channel, and is a point of
the foot yangming stomach, and a point of the eight Hui
points of the internal organs, with the effect of tonifying the
middle and benefiting the qi, raising the clear, and lowering
the turbid denial. Positioned on the front median line, 4 inches
above the umbilicus, or at the midpoint of the joint line
between the umbilicus and the thoracic sword; the operation
is to pierce 1 inch directly and keep the needle for 30 minutes.

Xiawan is located in the Ren vessel, it is a meeting point
with the foot taiyin spleen meridian and has the function of
transporting and raising the clear. It is positioned on the
front median. It is located on the anterior midline, 2 inches
above the umbilicus; the operation is to pierce 1 inch directly
and keep the needle for 30 minutes.

Bilateral tianshu isocated in the foot yangming stomach
meridian, it is a point of the large intestine, with the effect of
clearing turbidity from the internal organs. Positioned at 2
inches next to the middle of the umbilicus; the operation is
to pierce 1 inch directly and retain the needle for 30 minutes.

Bilateral zusanli is a joint point of the foot yangming
stomach meridian and is the lower joint point of the foot
yangming stomach, which can be tonified if the spleen and
stomach are deficient. It is positioned at the calvaria point
(flexed knee, in the lateral recess of the patellar ligament. It
is located 3 inches below the calvaria point (in the lateral
recess of the patellar ligament), 1 finger outside the anterior
tibial crest; the operation is to pierce 1 inch directly and
retain the needle for 30 minutes.

Guan Yuan is on the midline of the abdomen, three
inches below the umbilicus, and the midpoint from the Gua-
nyuan to the navel is the Qihai; the operation is to pierce 1
inch directly and retain the needle for 30 minutes.

Bilateral Gongsun is located on the medial edge of the
foot, just below the base of the first metatarsal; the opera-
tion is to pierce 1 inch directly and retain the needle for
30 minutes.

2.6. Adverse Events. If some adverse events including severe
convulsions pain were caused by acupuncture intervention,
aggravating symptoms, or other critical diseases occur dur-
ing treatment and cannot be continued, the researchers
found serious safety problems, as well as patients cannot
stick to treatment for a variety of reasons, the patients will
be dropped out of the study.

2.7. Observed Indexes

(1) The indexes, including the initial and maximal pres-
sure and volume, symptom scores under different gas-
tric dilatation volumes and gastric compliance were
obtained with the Synectice Visceral Stimulator
(SVS)/Barostat before and 1 week after the treatment.
Bamstat can maintain the set pressure or volume level
through electronic feedback mechanism, and measure
the corresponding changes of gas volume or pressure
in the airbag. SVS/Barostat was used for isovolumic
mechanical gastric distention; 50ml volume was
increased every 2 minutes from 0. The symptom
scores of abdominal distension, epigastric pain, nau-
sea, and vomiting were recorded when the volume
was 200ml, 300ml, and 400ml, respectively. Each
symptom was divided into 0-3 points (0 = no symp-
tom, 1 =mild symptom, need attention to feel the
symptom exists, 2 =moderate symptom, can feel the
symptom exists, but can tolerate, 3 = severe symptom,
unbearable). At the same time, the initial volume (the
volume at which the subject began to feel discomfort
or fullness in the upper abdomen when receiving the
stimulation of gastric distention) and themaximal vol-
ume (the volume at which the subject began to feel
pain or unbearable in the upper abdomen when
receiving the stimulation of gastric distention) were
recorded, as well as the corresponding initial pressure
and maximal pressure. Besides, automatically gener-
ated gastric compliance was also recorded

(2) Autonomic nervous function was evaluated as
followed. In brief, 15 minutes electrocardiograph
(ECG) was recorded as baseline ECG. Then, isovolu-
mic mechanical gastric dilatation was performed by
barostat, and when the volume of gas injected into
the balloon reached the maximum tolerated volume,
15 minutes ECG was recorded in the study group
and the control group. After then, in the study
group, acupuncture was performed for 20 minutes,
and ECG was recorded 15 minutes after acupunc-
ture. While in the control group, acupuncture was
not performed, and the ECG was recorded for 15
minutes. Heart rate variability analysis indexes,
including low frequency (LF: 0.04-0.15Hz), high fre-
quency (HF: 0.15-0.40Hz), and very low frequency
(VLF: below 0.03Hz) were calculated at baseline in
the maximal tolerance state and after acupuncture,
respectively

(3) APACHE II score was calculated with the worst
physiologic parameters during the first 24 hours
before and after treatment to measure the clinical
severity of each patient’s objective physical condition
upon presentation [14]

2.8. Statistical Methods. SPSS 22.0 was used for statistical
analysis. The measurement data were expressed by
(mean ± standard deviation) and compared with analysis of
variance. P < 0:05 meant the difference was significant.
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3. Results

3.1. Application of Ultrasonic Modified Single Section of
Gastric Antrum in the Diagnosis of Patients with Septic GD.
The modified single section method of gastric antrum can
be used for the diagnosis of patients with septic GD by
obtaining the contraction area of gastric antrum. As shown
in Figure 1(a), before acupuncture, result of ultrasonography
indicates the increased contraction area of the gastric
antrum. After acupuncture for two days, the contraction
area of the gastric antrum was decreased compared with that
before acupuncture treatment (Figure 1(b)). After acupunc-
ture for five days, the contraction area of the gastric antrum
was further decreased and was basically restored to a normal
condition (Figure 1(C)).

Before treatment (−1 and 0 days), both groups had sig-
nificant delayed gastric emptying (defined as gastric residual
volume (GRV)s ≥ 500ml, lasting for ≥ 2 days). Compared
with the results of GRVs on the day of treatment, GRVs of
the two groups were significantly decreased after treatment
(P < 0:001). In addition, compared with the control group,
GRVs in the study group reduced more significantly after
treatment (P < 0:01 and P < 0:001), as shown in Figure 2.

3.2. Comparison of the Initial and Maximal Pressure and
Volume between the Two Groups. Before treatment, there
was no significant difference in initial pressure and initial
volume between the study group and the control group.
After treatment, the initial pressure and initial volume of
the two groups both increased, and the study group
increased more (P < 0:05). Besides, before treatment, there
was no significant difference in maximal pressure and max-
imal volume between the study group and the control group.
After treatment, the maximal pressure and maximal volume
of the two groups both increased, and the study group
increased more (P < 0:05), as shown in Table 1.

3.3. Comparison of Symptom Scores under Different Gastric
Dilatation Volumes between the Two Groups. Before treat-
ment, when the expansion volume was 200ml, 300ml, and
400ml, there was no significant difference in symptom
scores (including epigastric pain, fullness, and nausea or
vomiting) between the two groups. However, after treat-
ment, when the expansion volume was 200ml, 300ml, and
400ml, the symptom scores of the two groups all decreased,
and the decrease of the study group was more obvious
(P < 0:05), as shown in Table 2.

3.4. Comparison of Gastric Compliance between the Two
Groups. Before treatment, there was no significant difference
in gastric compliance between the study group and the control
group (P > 0:05). After treatment, the gastric compliance of
the two groups both improved, and the improvement of the
study group was more obvious (P = 0:0033 and P < 0:0001),
as shown in Table 3.

3.5. Effect of Acupuncture on Autonomic Nervous Function in
Patients with Septic GD. Compared with baseline state, the
HF in the maximal tolerance state showed a downward
trend (P < 0:05), which indicated that expansion could

reduce the HF, that was, the tension of vagus nerve; while
the LF and VLF in the maximal tolerance state showed an
upward trend (P < 0:05), which indicated that expansion
could increase the LF and VLF, that was, the tension of sym-
pathetic nerve. However, acupuncture could adjust the
downward trend of HF and the upward trend of LF and
VLF caused by gastric distention, that was, acupuncture
could adjust the downward trend of vagus nerve tension
and the upward trend of sympathetic nerve tension caused
by gastric distention, so as to improve vagus nerve tension
and reduce sympathetic nerve tension, as shown in Table 4.

3.6. Comparison of APACHE II Score, Abdominal
Circumference and Intraperitoneal Pressure between the
Two Groups. After treatment, APACHE II score and intra-
peritoneal pressure were lower in both groups than before
treatment, and the improvements of the study group were
more obvious than those of the control group (P < 0:05).
However, there was no significant difference in abdominal
circumference between the two groups before and after
treatment, as shown in Table 5.

Comparison of infection indexes between the two groups.
After treatment, WBC, CRP, and PCT in both groups

were significantly decreased (P < 0:05), but acupuncture
could not further reduce these inflammatory indexes, as
shown in Table 6.

4. Discussion

GD is one of the main manifestations of multiple organ dys-
function syndrome (MODS) caused by sepsis [15, 16]. Its
clinical manifestations are abdominal distension, vomiting,
and diarrhea caused by more gastric residues, as well as
intestinal dyskinesia, stress ulcer, and gastrointestinal bleed-
ing [17]. When these symptoms appear at the same time, the
mortality of patients can be significantly increased [3]. GD
caused by sepsis is mainly mediated by inflammation, which
can destroy the integrity of intestinal epithelium and the
ability of immune response, leading to GD [18]. In addition,
the inflammatory reaction can also increase the intestinal
permeability, leading to bacteria passing through the intesti-
nal wall, promoting the further development of sepsis, form-
ing a vicious circle [19].

Weakness of spleen and stomach is the pathogenesis of
GD in sepsis, often accompanied by fatigue, anorexia, pale
complexion, palpitations, chest tightness, shortness of
breath, excessive sweating, and other symptoms [20]. These
phenomena of spleen and stomach weakness can be funda-
mentally improved by tonifying the spleen and stomach,
supporting healthy qi, strengthening the main body, and
fighting the enemy “syndrome differentiation and treat-
ment, overall regulation” is an important principle of
TCM treatment of diseases [21, 22]. In this study, we
selected patients with GD in the late stage of sepsis, most
of them were weak in spleen and stomach, sepsis patients
were in a high metabolic state, and metabolic pathways were
abnormal. If at this time the spleen and stomach function is
damaged, the blood biochemical source is deficient, the
patient’s nutritional status is low, the healthy qi is deficient,
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and the human body’s ability to remove pathogenic factors
is reduced, thus prolonging the course of sepsis.

The essence of acupuncture is to stimulate healthy qi by
triggering and strengthening the body’s homeostasis func-
tion and regulating the body’s innate immunity, so as to
assist the weakness and relieve the strong [23]. Acupuncture
can play a two-way regulatory role in gastrointestinal tract,
and has its special advantages in the treatment of acute
and critical patients [24]. First, acupuncture therapy is sim-
ple, convenient, and low-cost, which can greatly reduce the
medical burden of patients and society, with high clinical

feasibility. Secondly, acupuncture therapy does not need to
be absorbed through gastrointestinal tract, which reduces
the burden of gastrointestinal tract. Our study applied ultra-
sonography to assess the effect of acupuncture on the con-
traction area of gastric antrum in patients, and found that
before acupuncture, the contraction area of the gastric
antrum was increased. After acupuncture for two days, the
contraction area of the gastric antrum was decreased com-
pared with that before acupuncture treatment. After acu-
puncture for five days, the contraction area of the gastric
antrum was further decreased and was basically restored to
a normal condition. Moreover, after treatment, the maximal
pressure and maximal volume of the two groups both
increased, and the study group increased more. As far as
we know, HF, LF, and VLF are widely accepted as markers
of the autonomic nervous functions [25]. Based on this,
our study found acupuncture could adjust the downward
trend of vagus nerve tension and the upward trend of sym-
pathetic nerve tension caused by gastric distention, so as to
improve vagus nerve tension and reduce sympathetic nerve
tension. In addition, gastric residual, intra-abdominal pres-
sure was decreased, and gastric compliance was improved
in both groups after treatment. In addition, the recovery of
gastric function in the study group was more significant than
that in the control group [26]. The above data show that
acupuncture can promote intestinal peristalsis, improve gas-
trointestinal rhythm, and restore gastric motility in patients
with sepsis GD. Furthermore, the APACHE II score, WBC,
CRP, and RCT of the two groups after treatment were lower
than those before treatment, indicating that the treatment of
the two groups had an improvement effect. However, there
was no significant difference in WBC, CRP, and RCT
between the two groups after treatment. Considering that
the decrease of inflammation level between the two groups

(a) (b)

(c)

Figure 1: Ultrasonogram of GD at different time points. (a) Before acupuncture, result of ultrasonography indicates the increased
contraction area of the gastric antrum. (b) After acupuncture for two days, result of ultrasonography indicates the decreased contraction
area of the gastric antrum compared with that before acupuncture treatment. (c) After acupuncture for five days, result of
ultrasonography indicates that the contraction area of the gastric antrum was decreased compared with that before acupuncture
treatment and was basically restored to a normal condition.
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is more likely related to comprehensive treatment such as
anti-infection, fluid resuscitation, clearance of inflammatory
mediators, mechanical ventilation, and organ function sup-

port. Finally, although the abdominal circumference of the
two groups did not change much before and after treatment,
it cannot be completely denied that the treatment did not

Table 1: Comparison of the initial and maximal pressure and volume between the two groups.

Observed indexes
Control group (n = 36) Study group (n = 37)

Before treatment After treatment Before treatment After treatment

Initial pressure (mmHg) 4:62 ± 1:06 6:15 ± 1:61∗ 4:84 ± 1:24 8:44 ± 1:93∗ ,#

Initial volume (ml) 302:20 ± 36:41 401:34 ± 56:85∗ 297:11 ± 33:37 492:32 ± 54:68∗ ,#

Maximal pressure (mmHg) 9:19 ± 1:81 12:51 ± 1:86∗ 9:65 ± 1:79 13:69 ± 2:11∗ ,#

Maximal pressure (ml) 425:08 ± 76:662 693:43 ± 80:86∗ 433:45 ± 49:76 820:71 ± 77:43∗ ,#

Note: ∗ meant P < 0:05 vs. before treatment; # meant P < 0:05 vs. after treatment in control group.

Table 2: Comparison of symptom scores under different gastric dilatation volumes between the two groups.

Observed indexes
Control group (n = 36) Study group (n = 37)

Before treatment After treatment Before treatment After treatment

Epigastric pain

200ml 0:94 ± 0:23 0:72 ± 0:45 0:95 ± 0:23 0:05 ± 0:23∗ ,#

300ml 1:86 ± 0:76 1:06 ± 0:47∗ 1:62 ± 0:72 0:62 ± 0:49∗ ,#

400ml 2:42 ± 0:65 1:47 ± 0:65∗ 2:27 ± 0:80 1:00 ± 0:08∗ ,#

Fullness

200ml 1:08 ± 0:28 0:97 ± 0:17 1:14 ± 0:35 0:30 ± 0:46∗ ,#

300ml 1:97 ± 0:70 1:33 ± 0:79∗ 1:65 ± 0:86 0:862 ± 0:48∗ ,#

400ml 2:39 ± 0:69 1:89 ± 0:68∗ 2:49 ± 0:61 1:32 ± 0:67∗ ,#

Nausea or vomiting

200ml 1:00 ± 0:24 0:67 ± 0:48 0:97 ± 0:29 0:11 ± 0:31∗ ,#

300ml 1:78 ± 0:68 1:14 ± 0:59∗ 1:92 ± 0:80 0:65 ± 0:54∗ ,#

400ml 2:19 ± 0:82 1:44 ± 0:69∗ 1:95 ± 0:81 0:97 ± 0:50∗ ,#

Note: ∗ meant P < 0:05 vs. before treatment; # meant P < 0:05 vs. after treatment in control group.

Table 3: Comparison of gastric compliance between the two groups.

Before treatment After treatment t P

Control group (n = 36) 45:55 ± 13:20 55:31 ± 13:99∗ 3.043 0.0033

Study group (n = 37) 45:78 ± 14:96 68:45 ± 17:11∗ ,# 6.067 <0.0001
t 0.0695 3.587

P 0.9448 0.0006

Note: ∗ meant P < 0:05 vs. before treatment; # meant P < 0:05 vs. after treatment in control group.

Table 4: Effect of acupuncture on autonomic nervous function in patients with septic GD.

Observed indexes
Control group (n = 36) Study group (n = 37)

Baseline Before treatment After treatment Baseline Before acupuncture After acupuncture

HF (ms2) 615:1 ± 214:8 345:1 ± 132:1∗ 299:1 ± 108:9∗ 662:6 ± 209:9 357:7 ± 162:8∗ 608:9 ± 308:0#

LF (ms2) 601:0 ± 221:8 798:4 ± 250:7∗ 788:7 ± 207:9∗ 546:8 ± 248:0 888:1 ± 320:5∗ 600:7 ± 168:7#

VLF (ms2) 1497:1 ± 482.5 2038:4 ± 503.0* 1891:2 ± 369.4* 1401:3 ± 453.9 1893:4 ± 440.0* 1459:6 ± 438.3#

Note: ∗ meant P < 0:05 vs. baseline; # meant P < 0:05 vs. before acupuncture.
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reduce the effect of abdominal circumference; it may also be
related to the edema changes of patients before and after
treatment.

However, there are limitations in the study. First, the
sample size was relatively small in the study. More studies
should be conducted in the future. Second, the trial lacked
a sham acupuncture control group because most of the Chi-
nese patients had been treated with acupuncture and it was
difficult to blind the subjects.

5. Conclusion

The clinical application of acupuncture in the treatment of
sepsis patients with GD can significantly reduce gastric
residual, abdominal pressure, improve abdominal disten-
sion, promote gastrointestinal peristalsis and gastric motil-
ity, and restore gastrointestinal autonomic nerve function.
In the early stage of sepsis, abdominal distension, vomiting,
intestinal dyskinesia, and more gastric residue can be used as
appropriate.
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Table 5: Comparison of APACHE II score, abdominal circumference, and intraperitoneal pressure between the two groups.

Observed indexes
Control group (n = 36) Study group (n = 37)

Before treatment After treatment Before treatment After treatment

APACHE II score 21:08 ± 2:38 16:36 ± 2:69∗ 21:16 ± 2:21 14:62 ± 1:46∗ ,#

Abdominal circumference (cm) 109:62 ± 8:37 106:12 ± 7:82 109:5 ± 7:99 105:08 ± 7:55
Intraperitoneal pressure (mmHg) 14:66 ± 1:24 12:48 ± 2:11 ∗ 14:87 ± 1:33 10:63 ± 1:62 ∗,#
Note: ∗ meant P < 0:05 vs. before treatment; # meant P < 0:05 vs. after treatment in control group.

Table 6: Comparison of infection indexes between the two groups.

Observed indexes
Control group (n = 36) Study group (n = 37)

Before treatment After treatment Before treatment After treatment

WBC (×109/l) 14:03 ± 2:43 8:35 ± 0:76∗ 14:80 ± 2:30 8:43 ± 0:97∗

CRP (mg/l) 127:92 ± 26:67 34:73 ± 10:44∗ 127:92 ± 29:14 37:05 ± 12:50∗

PCT (ng/ml) 8:07 ± 1:59 2:02 ± 0:57∗ 8:10 ± 1:52 1:94 ± 0:57∗

Note: ∗ meant P < 0:05 vs. before treatment.
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Objective. Through bioinformatics analysis methods, the public databases GEO and TCGA were used to research mRNA and
squamous cell carcinoma of the esophagus, construct a lncRNA-mRNA network, and screen hub genes and lncRNAs related to
prognosis. Method. Download esophageal squamous cell carcinoma-related mRNA and lncRNA datasets GEO and TCGA
public datasets, as well as clinical data, use bioinformatic tools to perform gene differential expression analysis on the datasets
to obtain differentially expressing mRNA (DEmRNA) and lncRNA (DElncRNA), and plot volcano plots and cluster heatmaps.
The differential intersection of differentially expressed DEmRNA and DElncRNA was extracted by Venn diagram and
imported into CytoScape software, a regulatory network visualization software, to construct a lncRNA-mRNA network and use
cytoHubba and MCODE plug-ins to screen hub genes and key lncRNAs. The DEmRNA in the network was imported into the
Gene and Protein Interaction Retrieval Database (STRING), gene-encoded protein–protein interactions (PPI) network maps
were created, and the genes in the PPI network maps were submitted to GO functional annotation and pathway enrichment
analysis using Kyoto Encyclopedia of Gene Genomes (KEGG) (KEGG). The link between hub gene and prognosis was studied
using the clinical data collected by TCGA. Result. Retrieve the datasets GSE23400 and GSE38129 from the GEO database and
the esophageal squamous cell carcinoma-related mRNAs from TCGA databases and then obtain intersection. Differentially
regulated genes revealed a correlation of 326 (up) with 191 (down) in terms of the differential intersection; for this study, we
need to collect the GSE130078 dataset from GEO, as well as the lncRNAs from TCGA databases that are connected to
esophageal squamous cell cancer. There were 184 differentially up- and downregulated genes in the differential intersection. A
differential intersection network of the differential intersection lncRNA-mRNA network allowed us to identify the hub genes,
including COL5A2 (COL3A1), COL1A1 (COL1A1), CTD-2171N6.1 (CTD-2171N6.1), and RP11-863P13.3 (RP11-863P13.3).
The extracellular matrix, which is important in protein digestion and absorption, was shown to be the primary site of
functional enrichment, as shown by GO/KEGG analysis. Squamous cell carcinoma of the mouth and throat is associated with a
poor prognosis because of a change in the extracellular matrix structure caused by specific long noncoding RNA (lncRNA)
regulatory upregulation. Conclusion. For the purpose of predicting the prognosis of cancer of the esophagus, researchers
studied the esophageal squamous cell carcinoma-related hub genes and important noncoding RNAs (ncRNAs).

1. Introduction

Eosophageal carcinoma (EC) is one of the most prevalent can-
cers in the world [1]. Cancer is the third most common and
the fourth most deadly disease on China’s mainland [2].

Esophageal squamous cell carcinoma (ESCC), which accounts
for 90% of all esophageal cancer patients worldwide, is the
most common pathological diagnosis [3]. Early ESCC patients
had a five-year survival rate of up to 90%. According to the
Centers for Disease Control and Prevention, 50 percent of
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ESCC patients in China have already had tumor metastases.
Following surgical treatment, radiation therapy, and chemo-
therapy, survival rate after five years is under twenty percent
[4, 5]. There is no doubt that the best chance of a cure lies
on an early diagnosis and the presence of metastases in other
parts of the body. Consequently, novel early screening
markers and treatment targets are needed. It is thought that
long noncoding RNA (lncRNA) plays an important role in
tumor formation and growth because of its length of over
200 nucleotides [6]. Previous studies have shown that acute
myeloid leukemia is characterized by a high degree of down-
regulation of the microRNA known as miR-192. It is able to
influence tumor cell proliferation and cell cycle progression
by interaction with cyclin CCNT2, which is responsible for
regulating cell proliferation and cell cycle progression [7].
Esophageal squamous cell carcinoma has a decreased expres-
sion of long-chain noncoding NKILA that inhibits cell prolif-
eration and migration by preventing the NF-B signaling
pathway from activating [8]. The miR-7/HOXB13 axis can
be activated by circular RNA CIRS-7 to increase the develop-
ment and metabolism of esophageal squamous cell carcinoma
[9]. Although noncoding RNAs (lncRNAs) have recently risen
to the forefront of tumor formation and development studies,
no studies have looked at lncRNAs as potential tumor indica-
tors in esophageal squamous cell carcinoma.

As part of this study, we used the combined analysis of
GEO and TCGA to screen out the differential expression
profiles of long noncoding RNA (lncRNA) and short non-
coding RNA (mRNA) in esophageal squamous cell carci-
noma and constructed a network and selected hub genes
using cytoscape. We then used clinical samples to verify
the final prognosis of the hub gene and the feasibility as a
prognostic marker for this type of cancer.

2. Materials and Methods

2.1. Data Collection. Esophageal squamous cell carcinoma-
related mRNA and lncRNA datasets from the TCGA data-
base can be downloaded from GSE23400, GSE38129, and
GSE130078 gene probe matrices, respectively, from the Gene

Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/
geo/), as well as GPL96, GPL571, and HiSeq 2000 annotation
information file of the corresponding platform and then
convert the probe IDs of the probe matrix in the dataset into
the gene IDs and Ensembl gene IDs in the annotation
information.

2.2. Differential Expression and Differential Intersection.
Standard data were obtained by filtering and normalizing
the data, and the log2 fold change (FC) absolute values of
greater than 1.5 were used as a standard for differential gene
screening. This allowed researchers to identify the mRNAs
that were differentially expressed (DEmRNA) and lncRNAs
that were differentially expressed (DElncRNA). DEmRNA
and DElncRNA are the intersections of the datasets
GSE23400 and GSE38129 and the mRNA- and lncRNA-
related datasets in the TCGA database, respectively, taken
from the intersection.

2.3. Construct lncRNA-mRNA Network and Protein-Protein
Interaction Network Diagram. Introducing the intersection
of DEmRNA and DElncRNA into cytoScape v3.7 [10] soft-
ware, build lncRNA-mRNA network and use cytoHubba
and MCODE plug-ins to obtain hub genes and key
lncRNAs. Using the STRING [11] online tool, analyze the
protein-protein interaction (PPI) through DEmRNA. Select
Required Confidence ðcombined scoreÞ > 0:7 as the thresh-
old for protein-protein interaction to construct a PPI net-
work graph.

2.4. Enrichment Analysis and Survival Analysis. As a statisti-
cally significant function and signaling path, DEmRNA
enrichment pathways are analyzed using GO functional
annotation and Kyoto Encyclopedia of Genes and Genomes
(KEGG) path analysis; a statistically significant result is one
that has a P value that is less than 0.05. The survival curve
between the hub gene and disease-free survival (DFS) was
produced for prognostic analysis using esophageal squa-
mous cell carcinoma survival data taken from the TCGA

Table 1: DEmRNA result statistics table.

Statistical information
Threshold
dissimilarity

Gene variants Samples

Data sources Platform FC P_value Up Down Tumor Normal

GSE23400 GPL96 1.5 0.05 614 570 53 53

GSE38129 GPL571 1.5 0.05 1056 990 30 30

TCGA HTSeq 1.5 0.05 1417 1630 161 12

Table 2: DElncRNA.

Data information
Difference
threshold

Differential number
of lncRNAs

Number of samples

Data sources Platform FC P_value Up Down Tumor Normal

GSE130078 HiSeq 2000 1.5 0.05 512 302 Twenty-three Twenty-three

TCGA HTSeq 1.5 0.05 1266 1000 161 12
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database. This was done in order to determine the likelihood
of a favorable outcome.

2.5. Statistical Methods. Use R language limma or edgeR
package [12] to calculate differential expression, and draw
Venn diagram to take differential intersection. Through
CytoScape software, build lncRNA-mRNA network to
screen hub genes and key lncRNAs. Stitch together a PPI
network with the help of the STRING database, and then,
do a survival study using the Kaplan-Meier curve.

3. Results

3.1. DEmRNA and DElncRNA Screening Findings. DEmR-
NAs screened from the three datasets of GSE23400,
GSE38129, and TCGA are shown in Table 1, and the number
of DElncRNAs screened from the two datasets of GSE130078
and TCGA is shown in Table 2. Cluster analysis was performed

on the screened differential genes marking the differential
genes with significant differences, and cluster heatmaps and
volcano maps were drawn (Figures 1(a) and 1(b)).

3.2. Difference Intersection and Venn Diagram. The
intersection analysis of DEmRNA and DElncRNA indicated
326 differentially upregulated genes and 191 differentially
downregulated genes, respectively. There were 184 differen-
tially upregulated lncRNAs and 57 differentially downregu-
lated lncRNAs. Then, a Venn diagram was constructed
(Figures 2(a) and 2(b)).

3.3. Analysis of lncRNA-mRNA and PPI Network and
Enrichment Results. A lncRNA-mRNA regulatory network
was constructed with the help of CytoScape (Figure 3). Ana-
lyzing the established lncRNA-mRNA regulatory network
indicated that lncRNA-RP11-863P13.3, RP11-576I22.2, and
CTD-2171N6.1 can govern the upregulation of MMP11,
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Figure 1: (a) DEmRNA thermal map and volcano diagram. (b) Heatmap and volcano map of DElncRNA.
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THY1, and 16 more genes. MAMDC2-AS1 is the closest
downregulated lncRNA related with gene regulation, inter-
acting with 19 genes, including FHL1 and TGFBR3. After-
wards, using the online application STRING, a PPI
network was constructed for the mRNAs that were the
most directly influenced by lncRNAs. In addition, the
hub genes were excluded from the analysis as a result of
the connection degree of each gene (in this investigation,
the top 10 genes with the highest connection degree were
selected) (Figure 4(a)). It was shown that COL5A2,
COL3A1, and COL1A1 as well as other hub genes had a
greater influence on the lncRNA-mRNA regulatory net-
work of esophageal squamous cell carcinoma than other
hub genes. Biological process (BP), molecular function
(MF), and cellular component (CC) are the three gene
function categories identified by the GO and KEGG
enrichment analyses of the genes in the aforementioned
PPI network. The enrichment results revealed that the
pathway with the highest enrichment score in BP was
composed of extracellular matrix (Figure 4(b)), that the

pathway with the highest enrichment score in CC was
fibrillar collagen trimer (Figure 4(c)), and that the pathway
with the highest enrichment score in MF is for the extra-
cellular matrix structural components that confer tensile
strength (Figure 4(d)). The protein digestion and absorp-
tion pathway received the greatest enrichment score
according to KEGG (Figure 4(e)).

3.4. Survival Analysis. The selected hub genes of COL1A2,
COL3A1, and COL5A2 were drawn using the Kaplan-
Meier survival curve to analyze the clinical prognosis. These
genes were chosen based on the clinical data provided by
TCGA. It was discovered that all three of the hub genes,
COL1A2, COL3A1, and COL5A2, had significant levels of
expression. In addition, the disease-free survival duration
of patients who had esophageal squamous cell carcinoma
and had these hub genes in high expression was dramatically
reduced (Figure 5). This suggests that it has certain clinical
significance when determining the prognosis of patients
who have esophageal squamous cell carcinoma.
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Figure 2: (a) Venn diagram of DEmRNA intersection. (b) Venn diagram of DElncRNA intersection.
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4. Discussion

As we all know, little is known about the lncRNA signatures
of HCC patients. One piece of study established six lncRNA
signatures with the intention of predicting recurrence-free
survival in HCC. Wu et al. then investigated these signatures
in a specific HCC cohort in which the tumor may be
removed [13, 14]. This research utilized lncRNA signatures
to construct a lncRNA-mRNA interaction network in
patients with esophageal squamous cell carcinoma. The
researchers then screened interacting hub genes to predict
survival, which is more accurate and clinically relevant than
simply screening lncRNA features from the perspective of
cellular function correlation. In this work, we examined the
differential lncRNAs and mRNAs in esophageal squamous
cell carcinoma and paracancerous tissue using a combined
TCGA-GEO analysis and then calculated expression correla-
tion between the above differential intersection lncRNA and
differential intersection mRNA in TCGA data. After the
lncRNA-mRNA relationship pair with the correlation coeffi-
cient greater than 0.7 was selected, we constructed the
lncRNA-mRNA regulatory network with CytoScape. Subse-
quently, the STRING database was used to predict the hub
gene to construct a PPI network to enrich the GO and
KEGG pathways. We examined the influence of hub gene
expression related with lncRNA on disease-free survival in
esophageal squamous cell carcinoma using TCGA clinical
prognostic data.

I is a fibrillar collagen found abundantly in bone, cornea,
dermis, and tendon [15–17]. This gene is linked to osteogen-
esis imperfecta types I through IV, Ehlers-Danlos syndrome
VIIA, classic Ehlers-Danlos syndrome, Caffey disease, and
idiopathic osteoporosis. A reciprocal translocation between
chromosomes 17 and 22, where this gene and the platelet-
derived growth factor gene are situated, is related with der-
matofibrosarcoma protuberans, a particular kind of skin
tumor caused by aberrant production of growth factors.
For this gene, two transcripts with alternate polyadenylation
signals have been discovered [18–21]. In this study, clinical
prognostic analysis based on TCGA revealed that the high
expression of four genes, majority, caused by mutations,
mount faucet, the faucet, and signs of abating, may consider-
ably reduce the disease-free survival of esophageal squamous
cell carcinoma and worsen the prognosis. These genes are
COL1A1, COL1A2, COL3A1, and COL5A2. Therefore, we
hypothesize that the high expression of the COL collagen
family is associated with a worse prognosis for esophageal
squamous cell carcinoma.

Extracellular matrix (ECM) is a type of insoluble structural
component that mostly consists of collagen, elastin, proteogly-
cans, and glycoproteins. ECM can influence biological pro-
cesses such as cell differentiation, proliferation, adhesion,
morphogenesis, and phenotypic expression, according to
studies [22]. Malignant tumor formation, progression, inva-
sion, andmetastasis are frequently accompanied by alterations
in the extracellular matrix and expression of cell surface
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receptors [23]. Not only was the high level of LN and 61 signif-
icantly codistributed in human hepatocellular carcinoma
(HCC) tissue but also the high level expression was negatively
correlated with the prognosis of liver cancer patients, indicat-
ing that HCC cells may receive signals from LN via the 61
receptor, thereby causing the cancer to spread. Normal hepa-
tocytes do not have a basement membrane and express the
specific integrin family receptor 61 of laminin (LN). In the first
stages of liver cancer’s pathophysiology, portal vein invasion,
intrahepatic metastasis, and extrahepatic metastases in the
lungs and bones are common occurrences. The key aspects
that decide a patient’s prognosis with regard to liver cancer
are the presence of invasion, metastasis, and postoperative
recurrence of the disease. Matrix metalloproteinases, also
known as MMPs, are responsible for the breakdown of extra-
cellular matrix, also known as ECM. This is one of the most
important links in the process of tumor cell invasion and
metastasis. The presence of increased MMP levels and activity
has been linked to a wide variety of cancerous tumors [24].
Among the GO annotation and KEGG pathway enrichment
results, the related pathway of extracellular matrix property
change has the highest enrichment score in extracellular
matrix organization, fibrous collagen trimming, and extracel-
lular matrix structure, indicating that COL collagen family
represented by COL1A1 can result in a poor prognosis for
patients by participating in the change of ECM properties to
promote the generation and development of cancer cells. In
this study, the pathway with the highest enrichment score in
BP is extracellular matrix, the pathway with the highest
enrichment score in CC is fibrillar collagen trimer, and the
pathway with the highest enrichment score in MF is for the
extracellular matrix structural components that confer tensile
strength. The protein digestion and absorption pathway
received the greatest enrichment score according to KEGG.

Epigenetics is a discipline of biology that investigates the
heritable changes in gene expression and the stability of
DNA sequence, which are necessary not only for the expan-
sion and differentiation of cells but also for the occurrence
and progression of cancers. DNA methylation, histone
changes, and recently found noncoding RNAs are the key
epigenetic processes [25]. Functional RNA molecules that
cannot be translated into proteins are referred to as noncod-
ing RNAs. Common regulatory noncoding RNAs include
small interfering RNAs, microRNAs, piRNAs, and long non-
coding RNAs [26]. Numerous studies have demonstrated
that noncoding RNAs play an increasingly crucial role in
epigenetic control. lncRNA participates in several biological
processes, including the dose compensation effect, epigenetic
control, cell cycle regulation, and cell differentiation regula-
tion, among others, which play an important role, becoming
a hot spot in genetics research. Tongji University used an
integrated genomic data analysis method to research clini-
cally relevant cancer lncRNAs and found two important
prostate cancer lncRNA genes [27]. Studies have shown that
lncRNA GLCC 1 binds to HSP 90 chaperones to form an
RNA-protein complex, which stabilizes c-Myc in ubiquitina-
tion degradation in the cytoplasm to determine the tran-
scription of its target gene LDHA and then to promote the
genesis and glucose metabolism of colorectal cancer [28].
The interaction between HNF1A-AS1 and Egr1 promotes
the ubiquitination and degradation of p21 that is mediated
by CD34. This increases the expression of cyclin-dependent
enzyme 2 (Kalindi kunj), kinases, and cyclin E1 and decreases
the expression of p21, hence promoting the development of
gastric cancer [6, 29]. These findings demonstrate that
lncRNAs can influence gene expression via different pathways
to mediate the evolution of tumor malignancy. This study
revealed that the three noncoding RNA genes involved, engage
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Figure 4: Analysis of PPI network and hub gene enrichment.
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in self, and CTD-2171N6.1 may upregulate the expression of
the COL collagen family member COL1A1 and are also inter-
connected. Significant portions of the dataset are expressed in
esophageal squamous cell carcinoma-affected tissues. There-
fore, we examined whether lncRNA-RP11-863P13.3, RP11-
576I22.2, and CTD-2171N6.1 may contribute to a poor prog-
nosis in patients with esophageal squamous cell carcinoma by
promoting the change of ECM characteristics through the
upregulation of Exon 1, Ccl5, COL3A1, and fabricating. The

lncRNA-mRNA regulatory network of esophageal squamous
cell carcinoma had the most pronounced effect on the hub
genes COL5A2, COL3A1, COL1A1, and others.

Bioinformatics analysis was used in this work to identify
the COL collagen family genes and three critical lncRNAs
associated with the poor clinical prognosis of esophageal
squamous cell carcinoma. But we did not conduct in vitro
and in vivo functional experiments to further analyze the
mechanism due to all kinds of objective reasons, which is
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the biggest deficiency of this study. We will further study the
expression regulation mechanism of related molecules in
this study when the experimental conditions are met.

In conclusion, we have discovered three new lncRNAs
as independent biological predictors of esophageal squa-
mous cell carcinoma prognosis using bioinformatics, clini-
cal data, and genetic profiles of thoroughly screened
cohorts. To examine the progression process of ESCC
and the particular mechanisms of action of these lncRNAs,
however, it will be necessary to corroborate our findings in
future research.
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Objective. To explore the significance of bilevel positive airway pressure (BIPAP) under cluster nursing in improving the survival
probability of patients with severe pulmonary infection (SPI) complicated by respiratory failure (RF). Methods. This research
included 153 SPI patients complicated by RF (SPI + RF) admitted between January 2020 and March 2022, including 55 cases in
group A who were treated with BIPAP under cluster care during hospitalization, 47 cases in group B receiving invasive
continuous mechanical ventilation during hospitalization, and 51 cases in group C treated with BIPAP under routine care
during hospitalization. The three cohorts were compared regarding pre- and posttreatment serum inflammatory factors (IFs),
blood gas (BG) parameters, heart rate (HR), and respiratory rate (RR). Besides, the cumulative time of ventilator use,
successful ventilator weaning rate, mortality, and incidence of adverse events were counted. Finally, patients were scored for
their psychological state using the Hamilton Anxiety/Depression Scale (HAMA/HAMD). Results. The posttreatment TNF-α,
IL-6, PCT, WBC, and PaCO2 reduced statistically in all the three groups, with the lowest levels found in group A and the
highest in group B (P < 0:05); while PaO2 and SpO2 increased, with the highest values found in group A and the lowest in
group B (P < 0:05). Among the three groups, group A had the shortest duration of ventilator use, the highest successful
weaning rate, and the lowest incidence of adverse events (P < 0:05). Besides, HAMA and HAMD scores were the lowest in
group A among the three groups, while those in group B were higher compared with group C (P < 0:05). Conclusion. The
implementation of BIPAP under cluster nursing can effectively reduce inflammatory responses of SPI + RF patients, improve
their vital signs, and enhance their psychological state, which has extremely high clinical application value.

1. Introduction

Pulmonary infection (PI) refers to inflammation of the lung
parenchyma due to infection, usually caused by virus or bacte-
rial infection [1]. The incidence of PI keeps increasing, in par-
allel with the aging of population inChina [2]. In addition, due
to the continuous decline of physical function in the elderly
population, once pulmonary infection occurs, most of the
cases are severe and difficult to treat [3].Moreover, PI can lead
to hypoxia and metabolic dysfunction, which can easily cause
respiratory failure (RF) and other complications, posing a
serious threat to patients’ life safety [4]. Therefore, timely

and effective treatment is of great clinical significance to
reduce themortality of severe pulmonary infection (SPI) com-
plicated with RF (SPI + RF) and improve patients’ out-
comes [5].

The traditional treatment of SPI + RF mainly adopts tra-
cheal intubation and ventilators [6]. Although this can estab-
lish an effective artificial respiration channel and maintain
the patient’s normal breathing, it is very likely to cause
severe invasive stress and inflammatory reactions after intu-
bation, resulting in other complications [7]. At the same
time, endotracheal intubation will also make the patient very
uncomfortable and increase the pain of the patient [8]. Not
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only that, but more and more studies have pointed out that
the success rate of endotracheal intubation is getting lower
and lower in recent years [9, 10]. In contrast, bilevel positive
airway pressure (BIPAP), with the advantage lay in the non-
invasive treatment that can lower the risk of traumatic infec-
tion and reduce complications and improve safety, has been
well received in clinic [11]. In addition, effective nursing
intervention during treatment for patients with SPI + RF
has been shown to reduce complications and significantly
improve the prognosis of patients after treatment [12].

The application of personalized nursing strategies in dis-
ease treatment has gradually become a clinical consensus.
For example, continuous nursing based on the Omaha sys-
tem can improve the fatigue and mental state of patients
with lung cancer during chemotherapy [13], and nursing
care given at home can improve the quality of life of patients
with gastric cancer [14] and so on. This fully shows that the
development of personalized nursing strategies has an
important effect on improving the treatment effect of various
diseases. Of them, cluster nursing, a comprehensive and
continuous nursing plan integrating the practice of
evidence-based hospitals and patients’ conditions, has
achieved excellent results in the treatment of pressure ulcers,
gastroenteritis, and other diseases as well as in the intensive
care unit (ICU) [15–17]. However, its employment in SPI
+ RF and bilevel positive airway pressure (BIPAP) remains
rarely reported.

We speculate that cluster nursing can effectively improve
the patient’s treatment experience and safety during the
BIPAP treatment of patients with SPI combined with RF,
which is of great significance to the patient’s rehabilitation.
Consequently, this research is carried out to provide effective
treatment measures for the future clinical treatment of SPI
+ RF and reduce its harm.

2. Materials and Methods

2.1. Study Area. The study was carried out at department of
emergency intensive care unit, Nanjing First Hospital from
January 2020 to April 2022.

2.2. General Information. This research enrolled 153 SPI +
RF patients admitted between January 2020 and March
2022 and grouped them as follows based on the difference
in the treatment and care during hospitalization: group A
(n = 55; BIPAP under cluster care), group B (n = 47; invasive
continuous mechanical ventilation), and group C (n = 51;
BIPAP under routine care). This study was conducted in
strict accordance with the Declaration of Helsinki, and all
subjects in the study signed the informed consent form by
the patients themselves (or their immediate family
members).

2.3. Eligibility Criteria. The included participants were all
diagnosed as SPI by X-ray examination, arterial blood anal-
ysis, and routine blood tests and met the diagnostic criteria
for RF [18] and all indications for mechanical ventilation
[19], with complete medical records and no serious medical
diseases nor lung tumors. On the contrary, those with severe

liver and kidney dysfunction, mental disorders, RF caused by
other diseases, drug allergies, or immune diseases were
excluded. Besides, referrals, as well as those who refused,
contradicted medical investigators and were unable to take
care of themselves were ruled out.

2.4. Treatment Schemes. After admission, all patients were
given routine treatments such as anti-inflammatory, blood
pressure maintenance, cough relief, expectorant, and
water-electrolyte balance adjustment. BIPAP: a Philips
Respironics bilevel ventilator was adopted, and the nasal
mask was selected, which was adjusted to self-trigger time
control mode. The initial value was set to 6-8 cm H2O,
which was gradually increased to an appropriate level within
5-20 minutes; the positive expiratory pressure was 4-6 cm
H2O and could be increased according to the patient’s RF
degree. In patients with spontaneous breathing, the inspira-
tory time was usually set as 0.8-1.2 s with the inspiratory
ratio of 1 : 1.5-2.0. At the beginning of ventilation, the nurs-
ing staff paid close attention to the patient’s flatulence and
other adverse reactions to make timely adjustments. In addi-
tion, according to the specific situation of the patient, the
ventilator was temporarily stopped to perform operations
such as drinking water and expectorating sputum, and
weaning was performed until the patient could complete
spontaneous breathing. Invasive continuous mechanical
ventilation: first, an artificial airway was established, and
the auxiliary control ventilation mode was used. When the
patient’s spontaneous breathing frequency was lower than
the preset frequency or the patient’s inspiratory efforts can-
not trigger the ventilator, BIPAP was performed with the
preset tidal volume and ventilation frequency; and if the
patient’s inspiratory can trigger the ventilator, the ventila-
tion was performed with a higher frequency than the preset
frequency and then gradually transition to synchronous
intermittent mandatory pressure support ventilation until
weaning.

2.5. Nursing Measures. Routine nursing: nursing staff
informed patients of the treatment principles, precautions,
and other contents, so that patients can better cooperate to
complete the treatment. Basic psychological counseling was
also given to eliminate patients’ adverse emotions. The ward
was maintained quiet and clean to create a good environ-
ment. Besides, patients’ vital signs were closely watched,
the respiratory tract was kept unobstructed, and sputum
aspiration was provided. Cluster nursing: nursing staff
involved in cluster nursing all mastered certain professional
knowledge. A working group was established to discuss and
improve nursing contents and implement nursing interven-
tion strictly according to the plan. In addition, nurses took
the initiative to communicate with patients to share past
successful cases, as well as disease-related knowledge, mat-
ters needing attention in daily life, so as to improve patients’
confidence in treatment and degree of coordination. Family
members were also instructed to understand and master the
relevant dietary management, so that patients eat high pro-
tein and vitamin foods. Furthermore, the respiratory tract
care of the patients was carried out by special personnel,
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and sputum suction machines were used if necessary for
those with cough difficulties. Moreover, oral care was given
regularly, and medical instruments and ventilator pipes were
disinfected regularly. After weaning, patients were assisted to
complete simple rehabilitation training, the oxygen demand
was ensured, and their vital signs were closely observed.

2.6. Endpoints. Serum inflammatory factors (IFs), including
tumor necrosis factor α (TNF-α), interleukin 6 (IL-6), pro-
calcitonin (PCT), and white blood cell (WBC), were detected
by ELISA before and after treatment. A blood gas (BG) ana-
lyzer detected the following BG parameters before and after
treatment: oxygen partial pressure (PaO2), arterial partial
pressure of carbon dioxide (PaCO2), and blood oxygen satu-
ration (SpO2). Pre- and posttreatment heart rate (HR) and
respiratory rate (RR) were also recorded. The cumulative
time of ventilator use, successful weaning rate
(-
number of people who successfully removedmechanical
ventilation equipment/total number × 100%), mortality
(patients who died during treatment/total number × 100%),
and incidence of adverse reactions
(the number of adverse reactions/total number × 100%) were
counted. Hamilton Anxiety Scale (HAMA) and Depression
Scale (HAMD) were utilized for psychological state evalua-
tion of patients [20]: the HAMA score includes 14 items,
and the HAMD score includes 17 items. The alternative
answers are asymptomatic, mild, moderate, severe, and very
severe, with scores ranging from 0 to 4, with higher scores
representing anxiety (depression) the more serious the situ-
ation is.

2.7. Statistics and Methods. SPSS23.0 performed statistical
analysis of the data. The Chi-square test identified the differ-
ences of count data denoted by (%); one-way ANOVA and
LSD intragroup tests were used for comparison of measure-
ment data expressed as (−χ ± s). Statistical significance was
indicated by P < 0:05.

3. Results

3.1. Summary of Results. In this experiment, the posttreat-
ment TNF-α, IL-6, PCT, WBC, and PaCO2 reduced statisti-
cally in all the three groups, with the lowest levels found in
group A and the highest in group B (P < 0:05); while PaO2
and SpO2 increased, with the highest values found in group
A and the lowest in group B (P < 0:05). Among the three
groups, group A had the shortest duration of ventilator
use, the highest successful weaning rate, and the lowest inci-
dence of adverse events (P < 0:05). Besides, HAMA and
HAMD scores were the lowest in group A among the three
groups (P < 0:05).

3.2. Patient Data. Patients’ clinical data like age, BMI, sex,
living environment, disease type, ethnicity, and smoking his-
tory were collected and statistically analyzed (Table 1). The
results showed that there were no significant differences in
age, BMI, gender, living environment, disease type, ethnicity,
and smoking history among the three groups (P > 0:05),
confirming that the three groups were comparable.

3.3. Alterations of Pre- and Posttreatment IFs. First, we
detected pre- and posttreatment alterations in IFs in the
three groups. The results identified nonsignificant differ-
ences among the groups prior to treatment (P > 0:05) and
notably reduced levels after treatment (P < 0:05). The post-
treatment TNF-α levels in groups A, B, and C were
(2:48 ± 0:21) mg/L, (3:14 ± 0:33) mg/L, and (2:93 ± 0:25)
mg/L, respectively, with the lowest in group A and the high-
est in group B (P < 0:05, Figure 1(a)). The posttreatment IL-
6 levels in groups A, B, and C were (8:44 ± 0:78) μg/L,
(11:07 ± 1:10) μg/L, and (9:65 ± 0:66) μg/L, respectively,
with the level in group C higher than group A and lower
than group B (P < 0:05, Figure 1(b)). The comparison of
posttreatment PCT levels among the three groups also
revealed the lowest level in group A and the highest in group
B (P < 0:05, Figure 1(c)). At last, the WBC of group A after
treatment was ð10:46 ± 2:87Þ × 109/L, which was lower com-
pared with groups B and C; the WBC of group B after treat-
ment was ð14:86 ± 3:08Þ × 109/L, higher versus group C
(P < 0:05, Figure 1(d)).

3.4. Alterations of Pre- and Posttreatment BG Function. Sub-
sequently, we compared alterations in BG function among
the three groups. The results also determined no difference
in pretreatment PaO2, PaCO2, and SpO2 among the three
groups (P > 0:05). Increased PaO2 was observed in all the
three groups after treatment, with the highest and the lowest
level found in group A (71:91 ± 6:60mmHg) and group B
(59:92 ± 6:47mmHg), respectively (P < 0:05, Figure 2(a)).
A decrease in PaCO2 was found in all the three groups after
treatment; the posttreatment PaCO2 in group A was
(37:28 ± 3:70) mmHg, which was lower versus groups B
and C, while that in group B was (44:98 ± 4:61) mmHg,
higher than group C (P < 0:05, Figure 2(b)). SpO2 was also
elevated in the three groups after treatment, and the increase
in Group A was the most significant, followed by group C
(P < 0:05, Figure 2(c)).

3.5. Changes in Pre- and Posttreatment Vital Signs. Similarly,
HR and RR differed insignificantly among the three groups
prior to treatment (P > 0:05). After treatment, the HR of
group A was (80:47 ± 4:90) beats/min, which was lower ver-
sus groups B and C, while the HR of group B was
(92:06 ± 5:15) beats/min, higher than that of group C
(P < 0:05, Figure 3(a)). The posttreatment RR levels of
groups A, B, and C were (20:8 ± 22:04) times/min,
(25:02 ± 1:85) times/min, and (22:65 ± 0:06) times/min,
respectively, with that in group A being the highest and that
in group B higher than group C (P < 0:05, Figure 3(b)). The
posttreatment HR and RR in both groups was decreased
compared with their pretreatment levels (P < 0:05).

3.6. Comparison of Therapeutic Effects. All patients in groups
A and C were treated successfully with no patient death,
while one patient died in group B. The three groups pre-
sented no significant difference in mortality (P > 0:05). The
duration of ventilator use in groups A, B, and C was
(95:08 ± 16:31) h, (114:25 ± 25:66) h, and (101:62 ± 15:10)
h, respectively, with that in group B being the longest and
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Table 1: Patient data.

Group A (n = 55) Group B (n = 47) Group C (n = 51) F or χ2 P

Age 64:6 ± 5:5 65:6 ± 4:1 64:9 ± 3:9 0.621 0.539

BMI (kg/m2) 25:61 ± 4:27 26:50 ± 3:36 26:02 ± 3:54 0.707 0.495

Gender 0.020 0.990

Men 32 (58.18) 28 (59.57) 30 (58.82)

Woman 23 (41.81) 19 (40.23) 21 (41.18)

Type of disease 0.136 0.998

Infectious pneumonia 30 (54.55) 26 (55.32) 29 (56.86)

Aspiration pneumonia 17 (30.91) 15 (31.91) 15 (29.41)

Bronchiolitis 8 (14.51) 6 (12.77) 7 (13.73)

Nationality 1.024 0.599

Han 50 (90.91) 45 (95.74) 48 (94.12)

Minority 5 (9.09) 2 (4.26) 3 (5.88)
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Figure 1: Alterations of pre- and posttreatment IFs. (a) Comparison of TNF-α among the three groups before and after treatment. (b)
Comparison of IL-6 among the three groups before and after treatment. (c) Comparison of PCT among the three groups before and
after treatment. (d) Comparison of WBC among the three groups before and after treatment. ∗P < 0:05 compared to before treatment,
&P < 0:05 compared to group A, #P compared to group B.
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that in group A being the shortest (P < 0:05). In addition, the
successful weaning rate of group A was 100%, versus 98.04%
in group C, with no marked difference between them
(P > 0:05); while the successful weaning rate of group B
was only 91.49%, lower than that of group A (P < 0:05,
Table 2).

3.7. Comparison of Incidence of Adverse Reactions. Over the
course of treatment, the incidence of adverse events
observed in group A was 5.45%, the lowest of the three
groups (P < 0:05); the incidence in group B was 29.79%,
which was not significantly different from 13.73% in group
C (P < 0:05), but higher than Group A (P < 0:05, Table 3).

3.8. Comparison of Psychological Scores. Finally, we evalu-
ated and compared patients’ psychological status among
the three groups. HAMA and HAMD scores in group A
were calculated to be (22:55 ± 1:92) and (24:78 ± 1:69),
respectively, which were the lowest among the three groups.
While HAMA and HAMD scores in group B were
(34:30 ± 1:76) and (34:98 ± 2:07), respectively, which were
higher versus group A. HAMA and HAMD scores in group

C were higher compared with group A and lower versus
group B (P < 0:05, Figures 4(a) and 4(b)).

4. Discussion

At present, the treatment of SPI patients mainly focuses on
anti-infection, maintenance of patients’ respiratory function,
and improvement of acid-base metabolism balance [21, 22].
Among them, BIPAP has gradually become the first choice
for SPI + RF, and how to further improve the therapeutic
efficacy of patients is the hotspot of clinical research
[23–25]. Therefore, this study may be of great implications
for the application of BIPAP under cluster nursing and for
further improving the therapeutic effect of SPI + RF in the
future.

Endotoxin produced by pathogens can stimulate
immune cells to release massive inflammatory factors, lead-
ing to endothelial cell adhesion and neutrophil proliferation,
during which proteases are released in large quantities, caus-
ing damage to vascular endothelial cells and epithelial cells,
and finally causing pulmonary fibrosis and microthrombosis
[26, 27]. Therefore, the level of IFs in the body is of great
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Figure 2: Alterations of pre- and posttreatment BG function. (a) Comparison of PaO2 among the three groups before and after treatment.
(b) Comparison of PaCO2 among the three groups before and after treatment. (c) Comparison of SpO2 among the three groups before and
after treatment. ∗P < 0:05 compared to before treatment, &P < 0:05 compared to group A, #P compared to group B.
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Figure 3: Changes in pre- and posttreatment vital signs. (a) Comparison of HR among the three groups before and after treatment. (b)
Comparison of RR among the three groups before and after treatment. ∗P < 0:05 compared to before treatment, &P < 0:05 compared to
group A, #P compared to group B.
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significance in evaluating the development of SPI + RF. In
this research, TNF-α, IL-6, PCT, and WBC were reduced
statistically in all the three groups after treatment, with lower
levels in groups A and C compared with group B, indicating
that BIPAP was better than conventional mechanical venti-
lation in alleviating patients’ inflammatory responses, which
was consistent with past literature [28, 29]. Besides, we
found better improved BG function and vital signs in groups
A and C after treatment, further demonstrating the excellent
application effect of BIPAP. Previous studies have suggested
that BIPAP therapy can warm and humidify the inhaled gas
through the upper respiratory tract, meet the needs of mask
mechanical ventilation, shorten the hospitalization time of
RF patients, and reduce the rate of tracheal intubation; in
SPI, it can also effectively remove a large amount of inflam-
matory secretions in the airway, reduce airway obstruction,
and improve lung ventilation and ventilation function [30,
31]. Therefore, under BIPAP, not only the high resistance
in the airway can be overcome but also the workload of
the respiratory muscles and the oxygen consumption can
be reduced, so as to avoid the overwork of the respiratory
muscles, improve the compliance of the lungs, and adjust
the oxygen partial pressure, ultimately lowering the possibil-
ity of damage to the body and other organs. This study iden-
tified a lower incidence of adverse reactions in groups A and
C compared with group B, which can also illustrate this

point of view. Second, better survey results and lower
HAMA and HAMD scores were determined in group A ver-
sus group C, which we think is due to the application effect
of cluster nursing. Through cluster nursing, the profession-
alism and dynamics of nursing services can be guaranteed,
reflecting the pertinence and integrity of nursing measures
[32, 33]. Among them, the psychological attention to
patients can enable them to fully understand the treatment
methods and related operations, as well as self-regulation
of bad emotions. Postural care can prevent reflux, aspiration,
etc., to improve the comfort of treatment. Phlegm-expelling
nursing is the focus of cluster nursing, which aims to ensure
the unobstructed respiratory tract. Diet care can scientifi-
cally guide patients’ diet and ensure balanced nutrition.
And regular cleaning of oral secretions in oral care can
ensure oral hygiene and avoid complications such as flatu-
lence. All these measures of cluster nursing explain signifi-
cantly accelerated physical rehabilitation and psychological
improvement of patients compared with conventional nurs-
ing, indicating the important role of cluster nursing in future
treatment of SPI + RF. In a previous study, we also found
that cluster nursing can also reduce bilirubin levels, improve
jaundice symptoms, and shorten the course of the disease in
neonatal ABO solution treatment [34]; this also illustrates
once again the citation value of cluster nursing in clinical
practice. And for patients with gestational hypertension

Table 2: Comparison of therapeutic effects.

Group A (n = 55) Group B (n = 47) Group C (n = 51) F or χ2 P

Time of ventilator use (h) 95:08 ± 16:31 114:25 ± 25:66∗ 101:62 ± 15:10∗# 12.700 <0.001
Successful weaning rate 55 (100.0) 43 (91.49%)∗ 50 (98.04) 6.220 0.045

Mortality 0 (0.0) 1 (2.13%) 0 (0.0) 2.270 0.321

Table 3: Comparison of incidence of adverse reactions.

Group A (n = 55) Group B (n = 47) Group C (n = 51) χ2 P

Bloating 1 (1.82) 4 (8.51) 2 (3.92)

Sore throat 1 (1.82) 5 (10.64) 2 (3.92)

Malnutrition 0 (0.0) 2 (4.26) 1 (1.96)

Chest tightness 1 (1.82) 3 (6.38) 2 (3.92)

Incidence of adverse reactions (%) 5.45% 29.79%∗ 13.73% 11.570 0.003
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Figure 4: Comparison of psychological scores. (a) Comparison of HAMA scores. (b) Comparison of HAMD Scores. ∗P < 0:05 compared to
group A, #P compared to group B.
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combined with osteoarthritis, the use of cluster nursing can
reduce patient negative emotions, increase satisfaction, and
improve maternal and infant outcomes [35]. It can be seen
that cluster nursing is suitable for patients with various dis-
eases, different genders, and different ages and has impor-
tant clinical research significance.

Of course, due to the small number of cases included in
this experiment, there may be chance of statistical calcula-
tion results, so we need to include more patient data for ver-
ification in the follow-up. Second, since there is no unified
guideline for cluster nursing in clinic at present, the specific
protocols implemented in this study may still have room for
improvement. In addition, we need to follow up all study
subjects for a longer time to evaluate their long-term
outcomes.

5. Conclusion

The implementation of BIPAP under cluster nursing can
effectively reduce inflammatory responses of SPI + RF
patients, improve their vital signs, and enhance their psycho-
logical state, which has extremely high clinical application
value.
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Objective. To investigate the efficacy of drug-coated balloon (DCB) combined with cutting balloon angioplasty (CBA) in the
treatment of drug-eluting stent in-stent restenosis (DES-ISR) and to construct a predictive model for the occurrence of DES-
ISR. Methods.According to the criteria of diagnosis, inclusion, and exclusion, DES-ISR patients who were treated in the
outpatient and inpatient departments of cardiovascular medicine of Second People’s Hospital of Guangdong Province from
July 2021 to December 2021 were included. A total of 72 cases were planned to be enrolled, including 36 cases in the
control group and 36 cases in the experimental group. The control group was treated with DCB, and the experimental
group was combined with CBA. The treatment success rate, coronary angiography results before and after surgery, and the
incidence of major adverse cardiovascular events during the follow-up period were compared between the two groups.
Seventy-two DES-ISR patients were divided into ISR group and 59 non-ISR patients were divided into non-ISR group. The
clinical data of the two groups were compared to analyze the risk factors affecting the occurrence of DES-ISR, and the
prediction model was established. Results. The surgical success rate of the experimental group was 94.44% (34/36), which
was higher than the 77.78% (28/36) of the control group (P < 0:05). The minimum lumen diameter (MLD) of the
experimental group 6 months after operation was greater than that of the control group, the late lumen loss (LL) and
lumen stenosis rate were higher than those in the control group, and the incidence of major adverse cardiovascular events
was lower than that in the control group (P < 0:05). In the ISR group, the proportion of patients with abnormal BMI,
smoking, hypertension, diabetes, and family history of coronary heart disease and multivessel coronary artery disease was
higher than that in the non-ISR group, the degree of stenosis target lesion was higher than that in the non-ISR group, the
diameter of target lesion and stent diameter were smaller than those in the non-ISR group, and the length of target lesion
and stent length were longer than those in the non-ISR group; the number of stents was more than that in the non-ISR
group (P < 0:05). Combined hypertension, multiple coronary artery lesions, stenosis target lesion degree ≥85.05%, and
target lesion length ≥36.88mm were risk factors for DES-ISR, and target lesion diameter ≥3.15mm and stent diameter
≥3.15mm were protective factors (P < 0:05). The prediction model of DES-ISR was obtained by multiple logistic regression
analysis, P = 1½1 + eð2:281+3:321Xhypertension+3:427Xumber of arterial lesions+3:359Xstenosis target lesion degree−3:143Xtarget lesion diameter+0:650Xtarget lesion length−10:159Xstent diameterÞ�. The
Hosmer-Lemeshow test showed that Hosmer-Lemeshow χ2 = 0.925, P =0.413; the ROC curve analysis showed that the
AUC of the prediction model for the occurrence of DES-ISR was 0.924, the SE value was 0.022, and the 95% CI was
0.880-0.967. Conclusion. DCB combined with CBA has good clinical efficacy in the treatment of DES-ISR, which can
reduce the rate of lumen stenosis and the incidence of adverse cardiovascular events. The prediction model established
according to risk factors has high predictive value for the occurrence of DES-ISR.
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1. Introduction

Coronary atherosclerotic heart disease is a heart disease
caused by atherosclerotic lesions in the coronary vessels,
resulting in stenosis or obstruction of the vascular lumen,
resulting in myocardial ischemia, hypoxia, or necrosis [1].
At present, 7.3 million people die of ischemic heart disease
every year in the world, ranking first among all diseases,
accounting for 12.8% of all deaths from diseases [2]. Cur-
rently, percutaneous coronary drug-eluting stent (DES) has
become the main means for the treatment of coronary heart
disease, but the occurrence of in-stent restenosis (ISR) limits
its long-term clinical benefits [3]. Although DES has been
widely used and the design of stent structures has been con-
tinuously improved, the incidence of ISR in patients with
DES is still as high as 10% [4]. ISR refers to restenosis of cor-
onary artery in-stent lesions caused by coronary artery
endothelial injury and gradual proliferation of intimal tissue
caused by percutaneous coronary interventional therapy,
and its mechanism includes biological, mechanical, and
technical factors [5]. Relevant studies have pointed out that
due to factors such as poor vascular endothelialization, local
allergic reactions, and individual differences, there are still a
considerable proportion of patients with adverse clinical and
anatomical characteristics, and the analysis of risk factors
affecting the occurrence of ISR in patients and effective
intervention can reduce the risk of ISR [6, 7]. Balloon dila-
tion is the main treatment for ISR. Domestic studies have
shown that, compared with conventional high-pressure bal-
loons, cutting balloon angioplasty (CBA) can squeeze and
cut plaques to a certain extent, reduce complications such
as vascular dissection and loss, and can increase immediate
lumen acquisition rate and minimum lumen area after stent
implantation [8]. Previous studies have pointed out that
because of its ability to provide anti-restenosis drugs to the
vascular endothelium and the avoidance of multilayer stent
implantation, the drug-coated balloon (DCB) has received
different clinical indications including the treatment of ISR
in the past few years [9]. Therefore, this study combined
the two in the clinical treatment of DES-ISR, aiming to
explore its clinical efficacy on DES-ISR, and to construct a
prediction model for the occurrence of DES-ISR, so as to
provide reference for the clinical prevention and treatment
of the disease.

2. Materials and Methods

2.1. Clinical Data. DES-ISR patients treated in the outpatient
and inpatient departments of Department of Cardiovascular
Medicine of the Second People’s Hospital of Guangdong
Province from July 2021 to December 2021 were included
according to diagnosis, inclusion, and exclusion criteria. A
total of 72 cases were planned to be enrolled, including 36
cases in the control group and 36 cases in the experimental
group. There was no significant difference in general data
between the two groups (P > 0:05), as shown in Table 1. This
study has been approved by the hospital medical ethics
committee.

2.1.1. Diagnostic Criteria. ISR is diagnosed according to rel-
evant guidelines [10]: multi-projection coronary angiogra-
phy or intracoronary imaging examinations indicated that
the diameter of the stent lumen of the coronary target vessel
has a stenosis of ≥50%, including coronary artery within
5mm of both ends of the stent.

2.1.2. Inclusion Criteria. (1) Aged 18-80 years old, male or
non-pregnant woman; (2) patients treated with DCB
implantation and diagnosed with ISR 6-12 months after
operation; (3) lesion length ≤40mm; (4) subjects who
understood the purpose of the experiment, voluntarily par-
ticipated, and signed the written informed consent; (5)
patients diagnosed with DES-ISR by coronary angiography
after 6-9 months of PCI; (6) complete clinical data.

2.1.3. Exclusion Criteria. (1) Patients allergic to paclitaxel
drugs; (2) patients with contraindications of antithrombotic
drugs; (3) patients who were intolerant or allergic to more
than one anti-platelet aggregation drug; (4) patients with
myocardial infarction within one week; (5) patients with his-
tory of cerebrovascular accident or peptic ulcer or gastric
bleeding within 6 months, or who were judged to be bleed-
ing constitution by researchers; (6) restenosis in left main
trunk stent; (7) lesion length >40mm; (8) there was more
than one layer of stent in the target vessel; (9) ISR lesions
with residual stenosis >40% after conventional pretreatment;
(10) glycated hemoglobin ≥9%; (11) patients with other
types of heart disease; (12) subjects had poor compliance
and could not complete the study as required.

2.1.4. Criteria for Dropout and Exclusion of Cases. (1) Those
who did not meet the criteria and were mistakenly included;
(2) patients who failed to follow the prescribed treatment
regimen after inclusion; (3) patients whose treatment was
discontinued or lost to follow-up for other reasons resulting
in missing or no test records. For the included cases, those
who meet one of the above criteria were excluded. All the
excluded cases should be explained the reasons for exclu-
sion, and their observation table should be kept for future
reference

2.2. Methods

2.2.1. Control Group. The target blood vessel was examined
by IVUS, and the high-pressure balloon was fully predilated.
DCB of appropriate size was selected after coronary angiog-
raphy showed no dissection, residual stenosis of less than
40%, and distal blood flow of TIMI grade 3 (Yinyi Biological
Technology Co., LTD, Qingzhou® Coronary Drug Delivery
System). The relevant longitudinal length of its expanded
area should be larger than that of the pre-expanded balloon,
and the diameter of DCB should be higher than that of the
pre-expanded balloon, so as to ensure that DCB can cover
the pre-expanded area by 2-3mm on both sides and prevent
the geographical loss of DCB. The operation should be car-
ried out as soon as possible after the DCB contacted the
blood, and the expansion time was 60-90s. IVUS examina-
tion was performed after treatment.

2 Computational and Mathematical Methods in Medicine
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2.2.2. Treatment Method of Experimental Group. IVUS was
used to examine the target vessels, and the high-pressure
balloon was fully predilated, and then a cutting balloon
was used to dilate the lesions (the model of the cutting bal-
loon was selected according to the ratio of 1 : 1 to the actual
stent diameter). During the dilation of the lesion, the cut bal-
loon was slowly pressurized and predilated for 2 to 3 times.
DCB was applied and other steps were the same as the con-
trol group after coronary angiography showed no dissection,
residual stenosis of less than 40%, and distal blood flow of
TIMI grade 3.

2.3. Clinical Data Collection. The patient’s baseline data and
clinical data were collected using the information system of
hospital, mainly including demographic characteristics
[age, gender, BMI (normally 18.5~ 23.9 kg/m2), etc.], cardio-
vascular risk factors (such as smoking, hypertension, diabe-
tes, hypercholesterolemia, hyperuricemia, and family
history of coronary heart disease), angiographic information
(such as multivessel disease, target lesion location, double
vessel disease, degree of stenosis target lesion, and length
of target lesion), surgical steps (such as stent length and stent
diameter), and postoperative medication (such as statins,
beta-blockers, ACEIs, ARBs, and calcium channel blockers).

2.4. Evaluation Criteria of Curative Effect [11]. Successful
treatment: after treatment, the lumen of the target vessels
was significantly enlarged, the residual stenosis of the main
branch vessels was <20%, and the residual stenosis of the
branch vessels was <30%. Angiography showed that blood
flow of TIMI grade 3 was obtained, and there were no major
clinical complications during hospitalization, and no recur-
rence occurred 6 months after surgery.

2.5. Coronary Angiography. All patients underwent coronary
angiography before surgery, immediately after surgery, and 6
months after surgery. Coronary quantitative analysis soft-
ware was used to analyze the imaging data of coronary angi-
ography, mainly including minimal lumen diameter (MLD),
reference vessel diameter (RVD), late lumen loss (LL), and
lumen stenosis rate.

2.6. Statistical Processing. SPSS 22.0 software was used to
process data, enumeration data were expressed as %, and
differences between groups were compared by χ2 test; mea-
surement data were expressed as −x ± s after normality test,
and differences between groups were compared by t test.

Logistic regression was used to analyze the risk factors for
DES-ISR. The Hosmer-Lemeshow test was used to analyze
the degree of fitting between the prediction model and the
standard curve. ROC curve was used to analyze the predic-
tive value of the model for DES-ISR occurrence. P < 0:05
indicated that the difference was statistically significant.

3. Results

3.1. Comparison of Therapeutic Effects between the Two
Groups. The surgical success rate of the experimental group
was 94.44% (34/36), which was higher than 77.78% (28/36)
of the control group (χ2 =0.041, P < 0:05).

3.2. Comparison of Coronary Angiography Results between
the Two Groups before and 6 Months after Surgery. There
was no significant difference in preoperative RVD and
MLD immediately after operation between the two groups
(P > 0:05); the MLD of the experimental group was higher
than that of the control group 6 months after surgery, and
the LL and lumen stenosis rate were higher than those of
the control group (P < 0:05), as shown in Table 2.

3.3. Comparison of the Incidence of Major Adverse
Cardiovascular Events between the Two Groups. The inci-
dence of major adverse cardiovascular events in the experi-
mental group was lower than that in the control group
(P < 0:05), as shown in Table 3.

3.4. Univariate Analysis of Factors Affecting the Occurrence
of DES-ISR. In the ISR group, the proportion of patients with
abnormal BMI, smoking, hypertension, diabetes, and family
history of coronary heart disease and multivessel coronary
artery disease was higher than that in the non-ISR group,
the degree of stenosis target lesion was higher than that in
the non-ISR group, the diameter of target lesion and stent
diameter were smaller than that in the non-ISR group, the
length of target lesion and stent was longer than that in
the non-ISR group, and the number of stents was higher
than that of the non-ISR group (P < 0:05), as shown in
Table 4.

3.5. Multivariate Analysis of Factors Affecting the Occurrence
of DES-ISR. Combined hypertension, multivessel coronary
lesions, stenosis target lesion degree ≥85.05%, and target
lesion length ≥36.88mm were risk factors affecting the
occurrence of DES-ISR, and target lesion diameter

Table 1: Comparison of general data between the experimental group and the control group.

General data Experimental group (n=36) Control group (n=36) χ2 /t P

Gender male (cases) 20 22 0.229 0.633

Age (years) 67.28± 5.04 66.06± 5.01 1.030 0.307

Abnormal BMI (cases) 20 23 0.520 0.471

Smoking (cases) 17 18 0.056 0.814

Hypertension (cases) 14 17 0.510 0.475

Diabetes (cases) 15 17 0.225 0.635

Hyperlipidemia (cases) 4 6 0.465 0.496

Family history of coronary heart disease (cases) 18 17 0.056 0.814
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≥3.15mm and stent diameter ≥3.15mm were protective fac-
tors (P < 0:05), as shown in Table 5.

3.6. Establishment of the Prediction Model and Analysis of
the Calibration Degree of the Model. The prediction model
of the occurrence of DES-ISR was obtained by multivariate
logistic regression analysis, P = 1½1 + eð2:281+3:321Xhypertension +
3:427Xnumber of arterial lesions+3:359Xstenosis target lesion degree
3:143Xtarget lesion diameter+0:650X target lesion length−10:159
Xstent diameterÞ�. The Hosmer-Lemeshow test showed that
Hosmer-Lemeshow χ2 =0.925, P=0.413, as shown in
Figure 1.

3.7. Prediction Efficiency Analysis of the Prediction Model.
According to the ROC curve analysis, the AUC of the pre-
diction model to predict the occurrence of DES-ISR was
0.924, the SE value was 0.022, and the 95% CI was 0.880-
0.967, as shown in Figure 2.

4. Discussion

ISR is a major clinical problem after interventional ther-
apy, which is mainly caused by coronary intimal hyperpla-
sia, and oral administration alone to reduce the incidence
of ISR is ineffective and has side effects [12]. Relevant
studies have pointed out that DCB treatment for DES-
ISR patients can improve the degree of in-stent stenosis
[13, 14]. It has also been reported that CBA can reduce
the incidence of repeated ISR and have less lumen loss
than ordinary high-pressure balloon preconditioning [15,
16]. DCB is a commonly used treatment for coronary
artery diseases, which can treat stenosis or occlusive vascu-
lar diseases by carrying chemotherapy drugs to the surface
of the diseased vessels. The chemical drug paclitaxel on its

surface makes full contact with the vascular wall of the
lesion through balloon dilation and quickly penetrates
into the arterial wall to inhibit intimal hyperplasia and
prevent vascular restenosis [17, 18]. Studies have shown
that although DCB can release anti-proliferative drugs
to the coronary vascular wall through balloon dilation
of local vessels to achieve the effect of inhibiting intima
hyperplasia, some patients will still have adverse cardio-
vascular events in later stage, which affects the prognosis
[19, 20]. Some scholars have found that the combination
of CBA on the basis of DCB in the treatment of ISR can
achieve a better therapeutic effect [21, 22]. This study
found that the surgical success rate of the experimental
group was higher than that of the control group, and
after 6 months of surgery, the MLD, LL, and the lumen
stenosis rate were higher than those of the control group,
indicating that DCB combined with CBA has a good
clinical effect on the treatment of DES-ISR and can
reduce the lumen stenosis rate. The reason is that the
drug balloon effectively reduces the inflammatory
response of the intima of blood vessels and inhibits
intima hyperplasia in the short term after surgery. In
addition, precise expansion with CBA can prevent the
balloon from sliding out of the stent, resulting in stent
edge injury. Cutting treatment can cut the new intima
tissue, which is theoretically helpful for the uptake of
drugs delivered by DCB, thus improving the therapeutic
effect [23]. In addition, the results show that combined
treatment can reduce the incidence of adverse cardiovas-
cular events, which is mainly related to the fact that CBA
can squeeze and cut plaque to a certain extent, reduce
complications such as vascular dissection and loss, and
increase the immediate lumen acquisition rate, and
retreatment reduces the circumferential force of the blood

Table 2: Comparison of coronary angiography results between the two groups before and 6 months after surgery.

Group n
MLD (mm) Lumen stenosis rate (%)

RVD
(mm)

LL (mm)Immediately after
surgery

Six months after
surgery

Before
surgery

Six months after
surgery

Experimental
group

36 0.98± 0.17 1.79± 0.32 69.78± 5.31 24.19± 3.19 2.89± 0.47 0.51
± 0.13

Control group 36 0.96± 0.19 1.51± 0.28 71.57± 5.05 30.07± 3.52 2.83± 0.51 0.67
± 0.14

t 0.471 3.951 1.466 7.427 0.519 5.025

P 0.639 <0.001 0.147 <0.001 0.605 <0.001

Table 3: Comparison of the incidence of major adverse cardiovascular events between the two groups (cases, %).

Group n
Target vessel

revascularization
Target lesion

revascularization
Nonfatal myocardial

infarction
All-cause
mortality

Incidence

Experimental
group

36 1 0 2 1 11.11 (4)

Control group 36 2 1 5 2
30.56
(11)

χ 2 4.126

P 0.042
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vessel wall and reduces the elastic recoil rate of the blood
vessel wall [24].

Clinical data showed that the occurrence of DES-ISR was
mainly related to local factors such as stent margins and the
focal site, and it mostly occurred 6 months after surgery [25,
26]. It has been reported that the causes of ISR mainly
include insufficient stent expansion, abnormal intimal
hyperplasia, or new atherosclerosis, but the risk factors for
the occurrence of DES-ISR are still inconclusive [27]. There-
fore, this study analyzed the relevant factors affecting its
occurrence. Related reports have shown that after coronary
stenting, there is a significant correlation between diabetes
and ISR, and diabetes is associated with clinical outcomes
such as stent thrombosis and major adverse cardiac events
after PCI [6]. ISR may occur in diabetic patients due to insu-
lin resistance and complex underlying lesions. However, the
results of this study showed that it was not related to the
occurrence of ISR, which may be related to the small sample

size of this study, so the sample size should be increased for
further analysis in the later stage. Previous studies have
found that the characteristics of coronary artery lesions,
including the number of vessels, length, location, nature,
and stenosis degree of coronary artery lesions, can affect
the occurrence of ISR [28]. Studies have confirmed that the
incidence of ISR in patients with multivessel lesions is higher
than that in patients with single-vessel lesion. The diameter
of diseased vessels and the length of total lesions are also
predictors of restenosis, and the incidence of ISR increases
significantly when the diameter of vessels is too small [29]
.In this study, it was found that multivessel coronary artery
lesions, stenosis target lesion degree ≥85.05%, and target
lesion length ≥36.88mm were risk factors affecting the
occurrence of DES-ISR, and target lesion diameter
≥3.15mm and stent diameter ≥3.15mm were protective fac-
tors. It indicates that the increased length of implanted
stents and the smaller diameter of stents significantly

Table 4: Univariate analysis of factors affecting the occurrence of DES-ISR.

Factors ISR group (n=72) Non-ISR group (n=59) χ2 /t value P value

Age (years) 65.08± 5.38 64.34± 5.07 0.804 0.423

Gender (cases)

Male 42 35 0.013 0.909

Female 30 24

Abnormal BMI (cases) 43 20 8.663 0.003

Smoking (cases) 35 13 9.866 0.002

Hypertension (cases) 31 9 11.816 0.001

Diabetes (cases) 32 11 9.789 0.002

Hyperlipidemia (cases) 10 8 0.003 0.957

Family history of coronary heart disease (cases) 35 12 11.267 0.001

Platelets (∗1011) 1.07± 0.19 1.13± 0.24 1.597 0.113

LVEF (%) 60.32± 5.09 59.83± 5.11 0.547 0.585

Number of arterial lesions (cases)

Multivessel lesions 61 29 19.081 <0.001
Single-vessel lesion 11 30

Target lesion location (cases)

Anterior descending branch 42 34 0.009 0.996

Circumflex branch 13 11

Right coronary artery 17 14

Stenosis target lesion degree (%) 88.34± 3.16 81.62± 3.86 10.958 <0.001
Target lesion diameter (mm) 2.85± 0.51 3.51± 0.59 6.866 <0.001
Target lesion length (mm) 41.69± 4.32 31.53± 5.04 12.422 <0.001
Stent implantation time (years) 4.07± 0.59 4.13± 0.67 0.545 0.587

Stent length (mm) 23.58± 2.73 21.09± 2.25 5.614 <0.001
Stent diameter (mm) 3.09± 0.18 3.26± 0.16 5.651 <0.001
Number of stents 1.95± 0.32 1.53± 0.21 8.665 <0.001
Postoperative medication (cases)

Statins 71 56 0.862 0.930

Beta-blockers 59 48

ACEI 37 34

ARB 18 11

Calcium channel blockers 30 25
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increase the incidence of ISR. The matching of the stent diameter and the diameter of the blood vessel is very
important to reduce the risk of restenosis, and longer
stents are important risk factors for restenosis and ST.
This study also found that hypertension is also a risk fac-
tor for the occurrence of ISR, which is mainly related to
vascular endothelial dysfunction in patients with
hypertension.

At present, it is believed that identifying possible high-
risk patients with ISR through the predictive model will help
clinicians to carry out targeted doctor-patient communica-
tion and health education, so that patients can clearly realize
the importance of postoperative rehabilitation. Adhering to
the secondary prevention of coronary heart disease and
developing individualized control programs for high-risk
factors can theoretically further reduce the incidence of ISR
after PCI, thus improving the expected prognosis of patients
as much as possible. In this study, a prediction model was
established according to various risk factors. The Hosmer-
Lemeshow test and ROC curve analysis showed that the
model has high predictive value for the occurrence of ISR,
so it may be applied to the early prediction of ISR.

In conclusion, DCB combined with CBA has good clin-
ical efficacy in the treatment of DES-ISR, which can reduce
the rate of lumen stenosis and the incidence of adverse car-
diovascular events. The prediction model established
according to risk factors has high predictive value for the
occurrence of DES-ISR in patients.
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Table 5: Multivariate analysis of factors affecting the occurrence of DES-ISR.

Index β SE Wald’s χ2 OR 95% CI P value

Abnormal BMI 2.281 1.282 3.166 9.786 0.793~120.750 0.076

Smoking 2.153 1.328 2.628 8.611 0.638~116.266 0.106

Hypertension 3.321 1.501 4.895 27.688 1.461~524.770 0.027

Diabetes 0.248 1.196 0.043 1.281 0.123~13.359 0.836

Family history of coronary heart disease 2.487 1.273 3.817 12.025 0.992~145.777 0.051

Number of arterial lesions 3.427 1.458 5.525 30.784 1.767~536.293 0.019

Stenosis target lesion degree 3.359 1.298 6.697 28.760 2.259~366.164 0.010

Target lesion diameter -3.143 1.355 5.380 0.043 0.003~0.614 0.021

Target lesion length 0.650 0.211 9.490 1.916 1.267~2.897 0.002

Stent length 2.798 1.434 3.807 16.412 0.987~272.773 0.052

Stent diameter -10.159 3.452 8.661 0.000 0.000~0.034 0.003

Number of stents 0.099 1.112 0.008 1.104 0.125~9.762 0.929

Constant 2.281 1.282 3.166 9.786 0.793~120.750 0.076

Assignment: abnormal BMI (yes was 1, no was 0); smoking (yes was 1, no was 0); hypertension (yes was 1, no was 0); diabetes (yes was 1, no was 0); family
history of coronary heart disease (yes was 1, no was 0); number of coronary artery lesions (multiple vessels was 1, single vessel was 0); stenosis target lesion
degree (≥85.05% was 1, <85.05% was 0); target lesion diameter (≥3.15mm was 1, <3.15mm was 0); stent diameter (≥3.15mm was 1, <3.15mm was 0); target
lesion length (≥36.8mm was 1, <36.88mm was 0); stent length (≥22.07mm was 1, <22.07mm was 0); number of stents (≥2 was 1, <2 was 0).
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Figure 1: Calibration analysis of the prediction model.
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Figure 2: ROC curve analysis of the prediction model predicting
the occurrence of DES-ISR.
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A study to examine the efficacy and risk factors associated with pyrrotinib in the second- and third-line treatment of advanced
breast cancer with Human epidermal growth factor receptor 2- (HER2-) positive cells was conducted. Progression-free survival
(PFS) was assessed as the primary endpoint, and the objective response rate (ORR), overall survival (OS), and safety were
secondary endpoints. Across all the patients, the ORR was 48.57%, and the disease control rate (DCR) was 94.29%. In the
follow-up period, the median PFS was 15 months, and second-line treatment had significantly longer PFS than third-line
treatment (P = 0:027). The OS among all the patients was up to 28 months, but the median OS has not yet been reached.
Diarrhea (69.57%) was the most important AE, mainly in grades 1 and 2. According to the COX regression analysis, brain
metastasis was a risk factor for PFS, while second-line treatment and capecitabine chemotherapy were relevant to a longer PFS
correlation among patients. In the second- and third-line treatment, pyrrotinib is still highly effective and safe. Pyrrotinib is a
potential ideal salvage treatment plan for patients who failed in first-line treatments.

1. Introduction

Breast cancer, the leading cause of cancer death in women, is
the most common malignant cancer in women [1, 2]. The
latest data on the global cancer burden showed more than
2.26 million new cases of breast cancer and 2.2 million lung
cancer in 2016, and breast cancer became the most prevalent
cancer in the world [3, 4]. Breast cancer is a highly heteroge-
neous tumor with diverse histological morphology and
genotypes. Human epidermal growth factor receptor 2-
(HER2-) positive breast cancer refers to ERBB2/neu proto-
oncogene amplification or HER2 transmembrane receptor
protein overexpression, which accounts for about 15%–20%
of all breast cancers in incidence [5, 6]. HER2-positive breast
cancer is characterized by its proclivity for recurrence, highly
aggressive metastasis, rapid progression, and poor prognoses
[7, 8]. Based on the characteristics, anti-HER2-targeted drug
therapy is considered effective in inhibiting tumor progres-
sion and prolonging the survival of patients.

With the continuous research into breast cancer’s
immune phenotype, more targeted drugs have been devel-
oped. Currently, the common clinical targeted therapy
drugs for HER2-positive breast cancer mainly include
tyrosine kinase inhibitors, monoclonal antibodies, and
antibody-drug conjugates. However, the effect of targeted
therapy in some patients has been unsatisfactory because
of drug resistance. Therefore, it is necessary to develop
more types of anti-HER2-targeted drugs. A new type of
oral pan-ErbB receptor tyrosine kinase inhibitor, pyrroti-
nib, has been developed by China independently [9]. Its
mechanism of action is as follows: it irreversibly binds to
the ATP binding site of EGFR/HER1, HER2, and HER4
to prevent the formation of homo/heterodimers between
the HER family, inhibit autophosphorylation, and block
downstream signal transmission, thereby inhibiting tumor
growth [9–11]. The actual effect of pyrrotinib in clinical
application still needs more case support, even though it
has achieved high evaluations in clinical trials I, II, and
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III phases [12, 13]. The effectiveness in treating HER2-
positive breast cancer in first-line treatment has been
proved, while no reports have explored the efficacy in
second-line and third-line treatment. What is important
is that previous studies were limited to the analysis of
treatment effects and ignored the observation of factors
affecting treatment efficacy.

We review the efficacy of pyrrotinib in the second- and
third-line breast cancers with HER2-positive and analyze
the factors that affect treatment efficacy in this study. This
is the first evidence-based study to analyze the factors affect-
ing the efficacy of pyrrotinib in HER2-positive breast cancer.

2. Methods

2.1. Patient. Thirty-five patients with HER2-positive breast
cancer treated with pyrrotinib between December 2018
and October 2021 were admitted to the study. Clinical
data were complete in all patients. Inclusion criteria are
as follows: (1) patients met the diagnostic criteria for
HER2-positive breast cancer; that is, their primary or
metastatic tissue specimens were immunohistochemically
HER2 positive (“+++”) or exhibited positive fluorescence
in situ hybridization (FISH) (“+”); (2) patients were adult
females; (3) patients had at least one measurable lesion,
meeting the curative effect according to the response eval-
uation criteria in solid tumors (RECIST 1.1) evaluation
conditions; (4) the patients received pyrrotinib treatment
regimens; (5) their expected survival time was at least
three months; and (6) the patients’ physical functions tol-
erated pyrrotinib treatment, and there were no treatment
contraindications. Exclusion criteria are as follows: (1)
patients were undergoing other clinical trials; (2) they
lacked follow-up data; and (3) psychiatric patients who
cannot receive medication.

2.2. Ethical Statement. Based on meeting the Declaration of
Helsinki, The Second Affiliated Hospital of Anhui Medical
University (PY-YX2021-46) ethics committee approved this
study. Studying retrospectively waived informed consent due
to its retrospective nature.

2.3. Treatment Plan and Follow-Up. All patients received
pyrrotinib for second-line or third-line treatment after
the first-line. The patients took pyrrotinib maleate tablets
orally (Jiangsu Hengrui Pharmaceutical Co., Ltd., National
Medicine Zhunzi H20180013, 80mg/tablet) at 4 tablets/
320mg, QD. After patients tolerated this regimen, the dose
was increased to 5 tablets/400mg, QD. Patients undergo-
ing anti-HER2 second-line and third-line treatments were
treated with combined chemotherapy regimens: capecita-
bine, tigeo, gemcitabine, taxanes, vinorelbine, and etopo-
side. Treatment efficacy was evaluated every two cycles
(every six weeks). Treatment plans were adjusted when
patients had grade 1 (mild reactions, no treatment
required) or 2 (moderate response, requiring treatment)
side effects. When side effects of grade 3 (severe reaction,
life-threatening but recoverable) and above occurred, the
dosages of the drugs were adjusted according to the types

of side effects, or the number of combined chemotherapy
drugs was reduced. All patients received long-term fol-
low-ups, and the end of their follow-up period was defined
as disease progression or the intolerance of treatment. All
patients completed the study, and no patients dropped out
of the study halfway through.

2.4. Treatment Efficacy and Adverse Events (AEs) Evaluation.
Based on the RECIST (version 1.1), efficacy was evaluated
[10] as complete response (CR), partial response (PR), stable
disease (SD), and disease progression (PD). The objective
response rate (ORR) is the sum of the proportions of CR
and PR, and the disease control rate (DCR) is the propor-
tions of CR, PR, and SD. In addition, all patients’ survival
times were recorded in detail.

AEs were classified into grades 1 through 5 based on
National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTC 4.0) [11].

2.5. Risk Factor Analysis Strategy. To analyze risk factors, ORR
and PFS, AEs grade 3 or higher were used as dependent
variables. Age, ECOG scores, WHO grades, ER, PR, P53/P63,
pathological type, comorbidities, surgery, vascular tumor
thrombus, the combined chemotherapy regimen, the number
of pyrrotinib treatment lines, and the location of metastasis
were used as dependent variables. The single-factor and multi-
factor logistic regression or the COX regression analysis models
were used for correlation analysis.

2.6. Statistical Analysis. We performed statistical analysis by
SPSS 26.0. We expressed enumeration data as cases (per-
centage) [n (%)], and performed the χ2 test to test for signif-
icance. We analyzed correlations via the single-factor and
multifactor logistic regression or the COX regression analy-
sis models. The Kaplan-Meier survival curve was used to
evaluate the survival time of patients. P < 0:05means the dif-
ference was significant.

3. Results

3.1. Baseline. 35 breast cancer patients with HER2-positive
were included, including 22 second-line cases and 13 third-
line cases involving pyrrotinib. The patients aged 29 to 70 years
(average of 49:4 ± 9:3 years). In addition, 71.43% of the
patients had an ECOG score less than or equal to 1 at the start
of treatment. Most patients (62.86%) had aWHO classification
of grade 2, and only two patients had a family history of breast
cancer. The main combination chemotherapy regimen was
capecitabine (40.00%), followed by albumin paclitaxel
(22.86%). Figure 1 shows the details of pyrrotinib use, and there
were no statistical differences in baseline data between the
groups (P > 0:05) (Table 1).

3.2. The Efficacy of Pyrrotinib. Table 2 shows the best response
to pyrrotinib targeted therapy for all HER2-positive breast can-
cer patients which can be assessed. Only two patients achieved
CR (1 in second-line and 1 in third-line treatment), and 15
patients achieved PR (12 in second-line and 3 in third-line
treatment). A total of 15 cases reached SD, and 3 cases with
PD. The ORR was 48.57%, and the DCR was 94.29%. There

2 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

was no significant difference in ORR and DCR between
second-line and third-line treatment (P > 0:05) regimens. As
the follow-up period ended, 26 patients (17 in the second-line
and 9 in the third-line) survived, with a survival rate of 74.29%.

As of follow-ups to December 2021, 16 patients had
progressed (8 in second-line and 8 in the third-line treat-
ment). Their PFS was as high as 28 months, and the median

PFS was 15 months (Figure 2(a)). PFS was significantly lon-
ger than in third-line treatment (HR = 0:27, 95% CI: 0.087–
0.862, P = 0:027) (Figure 2(b)).

At the end of the follow-up period, 26 patients
(74.29%) were alive; seven had passed away, and two were
lost to follow-up. The overall OS was 2–28 months, but
the median OS was not yet reached (Figure 1(a)). No
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Figure 1: The overall survival of the patients. (a) The Kaplan-Meier curve of OS in patients undergoing second-line and third-line
treatment, where the log-rank P > 0:05 between groups; (b) the Kaplan-Meier curve of OS in all patients.

Table 1: Baseline data of breast cancer patients with HER2-positive.

Items Second-line (n = 22) Third-line (n = 13) Total (n = 35)
Age (years) 50:9 ± 9:5 46:5 ± 8:8 49:4 ± 9:3
ECOG score [n (%)]

0~1 16 (72.73) 9 (69.23) 25 (71.43)

2 6 (27.27) 4 (30.77) 10 (28.57)

WHO grade [n (%)]

II 15 (68.18) 7 (53.85) 22 (62.86)

III 7 (31.82) 6 (46.15) 13 (37.14)

ER [positive, n (%)] 11 (50.00) 6 (46.15) 17 (48.57)

PR [positive, n (%)] 13 (59.09) 7 (53.85) 20 (57.14)

P53/P63 [positive, n (%)] 9 (40.91) 4 (30.77) 13 (37.14)

Pathological type [n (%)]

Invasive carcinoma 11 (50.00) 6 (46.15) 17 (48.57)

Invasive ductal carcinoma 6 (27.27) 3 (23.08) 9 (25.71)

Other 5 (22.73) 4 (30.77) 9 (25.71)

Family history [yes, n (%)] 1 (4.55) 1 (7.69) 2 (5.71)

Complications [yes, n (%)] 5 (22.73) 2 (15.38) 7 (20.00)

Surgery [yes, n (%)] 15 (68.18) 10 (76.92) 25 (71.43)

Vascular tumor thrombus [positive, n (%)] 8 (36.36) 2 (15.38) 10 (28.57)

Combination chemotherapy [n (%)]

Capecitabine 10 (45.45) 4 (30.77) 14 (40.00)

Albumin paclitaxel 6 (27.27) 2 (15.38) 8 (22.86)

Gemcitabine 2 (9.09) 2 (15.38) 4 (11.43)

Other 4 (18.18) 5 (38.46) 9 (25.71)
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significant difference was observed in OS between second-
line and third-line treatment patients (HR = 1:16, 95% CI:
0218–06.158, P = 0:864) (Figure 1(b)).

3.3. Safety Analysis of Pyrrotinib. AE details are shown in
Table 3. The most common side effect of the patients in
the study was diarrhea, with an incidence of 69.57%, but
grade 3 diarrhea was rare, with only three cases that have
occurred. Diarrhea was relieved after reducing drug dosages
until it was reduced to grade 1. Five patients had grade 2–3
neutropenia, and one case of grade 3 thrombocytopenia
was documented. Other side effects were observable, includ-
ing anemia, vomiting, skin rashes, hand-foot syndrome,
elevated transaminase, hypertension, and peripheral neuri-
tis. Their incidence was low, and there were no grade 3 AEs.

3.4. Risk Factors for the Efficacy of Pyrrotinib.We further incor-
porated the significant factors (P < 0:01) into a multivariate
logistic regression model. The analysis results showed that after
excluding confounding factors, comorbidities (OR = 1:380,
95% CI: 1.027–1.664) were independent factors influencing
the ORR of pyrrotinib during the treatment. In addition, sur-
gery (OR = 0:905, 95% CI: 0.695–0.980) was associated with a
higher ORR (Table 4).

In the univariate analysis, variables related to PFS were
obtained, including age, ECOG score, the number of treat-

ment lines, pyridoxine chemotherapy drugs, pathological
types, and brain metastases. After incorporating them into
a multivariate model for further analysis, the results showed
that after controlling for other potential confounding fac-
tors, brain metastasis (HR = 1:425, 95% CI: 1.138–2.502)
was an independent risk factor for PFS, while second-line
treatment (HR = 0:362) and capecitabine chemotherapy
(HR = 0:880) were associated with a longer PFS (P < 0:05)
(Table 5).

3.5. Risk Factors for the Safety of Pyrrotinib. Next, we
analyzed the risk factors for the safety of pyrrotinib. Multi-
variate logistic regression analysis showed that patients 50
years old or older (OR = 1:263) and those with an ECOG
score of 2 (OR = 1:185) were associated with more grade 3
AEs, whereas combined capecitabine chemotherapy
(OR = 0:893) was associated with a reduced incidence of
grade 3 AEs (Table 6).

4. Discussion

Pyrrotinib has been approved for HER2-positive advanced
breast cancer treatment because of the significant outcomes
in the recent phase II and phase III clinical studies in China
[14, 15]. Previous studies, however, mainly analyzed the
results of pyrrotinib applied to first-line treatment.

Table 2: The best response to pyrrotinib targeted therapy for all HER2-positive breast cancer patients.

Efficacy Second-line (n = 22) Third-line (n = 13) Total

CR 1 (4.55) 1 (7.69) 2 (5.71)

PR 12 (54.55) 3 (23.08) 15 (42.86)

SD 8 (36.36) 7 (53.85) 15 (42.86)

PD 1 (4.55) 2 (15.38) 3 (8.57)

ORR 13 (59.09) 4 (30.77) 17 (48.57)

DCR 21 (95.45) 11 (84.62) 33 (94.29)

Survival rate [n (%)] 17 (77.27) 9 (69.23) 26 (74.29)
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Figure 2: The progression-free survival of patients. (a) The Kaplan-Meier curve of PFS in patients undergoing second-line and third-line
treatment, where the log-rank P = 0:027 between groups; (b) the Kaplan-Meier curve of PFS in all patients. PFS refers to progression-free
survival.

4 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

Therefore, we focused on the efficacy and safety of pyrroti-
nib in second-line and third-line HER2-positive advanced
breast cancer in this study, and by analyzing the treatment
data of each patient, we sought to shed light on these issues.

This study showed that pyrrotinib is still significantly
affected during the second-line and third-line treatment
of HER2-positive advanced breast cancer. The overall
ORR of the patients was as high as 48.57% (59.09% in
the second-line treatment regimen and 30.77% in the

third-line treatment regimen), and the DCR was as high
as 94.29%. Although this ORR was not as ideal as the
results of Phase II and III clinical studies [13, 16], consid-
ering the baseline characteristics of these local patients, the
complexity of their combined chemotherapy regimens and
the impact of the failure of patients’ first-line treatments,
these results were ideal. In addition, efficacy was improved
compared with the currently recommended lapatinib [17,
18] combined chemotherapy regimen (48.57% vs. 34.4%).

Table 3: The AEs of HER2-positive breast cancer patients [n (%)].

AEs
Grade

Total
1 2 ≥3

Hematological AEs

Anemia 3 2 0 5

Neutropenia 0 2 3 5

Thrombocytopenia 0 0 1 1

Non-hematological AEs

Diarrhea 19 3 3 25

Vomiting 1 0 0 1

Skin rash 2 0 0 2

Hand-foot syndrome 2 0 0 2

Other AEs

Elevated transaminase 1 0 0 1

Hypertension 3 0 0 3

Peripheral neuritis 2 1 0 3

Table 4: Multivariate logistic regression analysis of ORR.

Variables OR 95% CI P

Age (>50 years old vs. ≤50 years old) 1.063 0.859~1.303 0.296

Comorbidities (yes vs. no) 1.380 1.027~1.664 0.020

Surgery (yes vs. no) 0.905 0.695~0.980 0.032

Pathological type (invasive cancer vs. other) 1.125 0.730~1.308 0.296

Table 5: Multivariate logistic regression analysis of ORR.

Variables HR 95% CI P

Age (>50 years old vs≤50 years old) 1.132 0.806~1.362 0.239

ECOG score (2 points vs.≤1 point) 1.285 0.859~1.933 0.088

Number of treatment lines (second-line vs. third-line) 0.362 0.119~0.895 0.005

Chemotherapy drugs (capecitabine vs. others) 0.880 0.567~0.994 0.036

Hormone status (positive vs. negative) 0.925 0.445~1.369 0.167

Pathological type (invasive cancer vs. other) 1.125 0.859~1.492 0.265

Brain metastasis (yes vs. no) 1.425 1.138~2.502 0.007

Table 6: Multivariate logistic regression analysis of the safety of pyrrotinib for the treatment of HER2-positive breast cancer.

Variables OR 95% CI P

Age (>50 years old vs. ≤50 years old) 1.263 1.059~1.738 0.042

ECOG score (2 points vs. ≤1 point) 1.185 1.032~1.835 0.035

Comorbidities (yes vs. no) 1.180 0.927~1.625 0.094

Chemotherapy drugs (capecitabine vs. others) 0.893 0.627~0.964 0.014
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In terms of survival, this cohort showed satisfactory PFS
and OS. PFS was up to 28 months, the median PFS was
15 months, and OS was up to 28 months. The median
OS has not yet been reached. The median is predicted
based on the survival curve. OS will reach 35 months.

The NCCN guidelines list several treatment options for
HER2-positive advanced breast cancer patients whose first-
line treatment with trastuzumab failed [19–21]. These
options include switching to a regimen containing lapati-
nib, continuous administration of trastuzumab while
switching to other chemotherapeutic drugs, terminating
chemotherapy, and trastuzumab plus lapatinib dual-
targeted therapy and TDM1 administration. TDM1 is not
yet available in China, and most patients are not suited
for dual-targeted therapy. Also, patients often cannot
afford the expensive anti-HER2 costs. As an anti-HER2-
targeted drug independently developed by China, pyrroti-
nib has cost advantages, and more importantly, it seems
to have a better effect in patients [22–24]. Most cases
(27 cases) in this cohort were patients who failed first-
line trastuzumab treatment. After pyrrotinib was combined
with chemotherapy, 94.29% (33 cases) of the patients
showed clinical improvement and had survived by the
end of the follow-up period, with a rate as high as
74.29% (26 cases). Combined with the results of this study,
we believe that for most Chinese patients with HER2-
positive advanced breast cancer and who underwent failed
first-line treatments with trastuzumab, pyrrotinib plus che-
motherapy is most likely the new ideal choice.

The efficacy of pyrrotinib in the second-line and third-line
treatment was observed. The ORR, DCR, and OS were not sig-
nificantly different, while the median PFS of second-line treat-
ment patients was higher than third-line. Treatment times
were also significantly longer. This may have been due to the
greater tolerance of targeted therapy and (or) chemotherapy
drugs among third-line treatment patients after first-line and
second-line treatment [25–27]. In addition, current studies
rarely analyze the potential influencing factors of the efficacy
of pyrrotinib. Therefore, we further analyzed the possible
influencing factors of patients’ ORR and PFS. The results
showed that after excluding confounding factors, comorbidi-
ties (OR = 1:380, 95% CI: 1.027–1.664) were independent fac-
tors influencing the ORR of pyrrotinib during the treatment,
and surgery was associated with a higher ORR. For PFS, brain
metastasis (HR = 1:425), the number of medication lines
(HR = 0:362), and capecitabine chemotherapy (HR = 0:880)
are potential influencing factors identical to those of the
previous trastuzumab treatment [28–31].

Regarding safety, diarrhea was still the most common
side effect among patients, but diarrhea above grade 3
was rare, consistent with the previous study. One patient
developed grade 3 neutropenia and thrombocytopenia at
the same time. This patient changed chemotherapeutic
drugs twice in succession; thus, these side effects were con-
sidered to be caused by chemotherapeutic drugs. The inci-
dence of other AEs was relatively low, especially for
vomiting and hand-foot syndrome. Compared with lapati-
nib, pyrrotinib is an irreversible tyrosine kinase inhibitor
whose mechanism of action is different [23]. Similarly,

multivariate logistic regression analysis showed that an
age of 50 years old or older (OR = 1:263) and an ECOG
score of 2 (OR = 1:185) were associated with a greater
incidence of grade 3 AEs. In contrast, combined capecita-
bine chemotherapy (OR = 0:893) was associated with a
lower incidence of grade 3 AEs, suggesting that capecita-
bine can be selected as a combination chemotherapy regi-
men to reduce the occurrence of adverse reactions.

There are 2 limitations to this study. First, the small
sample size and the lack of a single center limited the
applicability of the research results. In addition, this study
was a retrospective study without prospective randomiza-
tion. Therefore, there may have been significant biases in
the sociological characteristics, physiological status, tumor
characteristics, and other baseline characteristics of the
patients. There was a difference in the number of com-
bined chemotherapy drugs between the two groups.
Despite these limitations, this was the first observational
study to analyze the use of pyrrotinib for the second-line
and third-line treatment of HER2-positive advanced breast
cancer. It initially demonstrates the use of pyrrotinib in
such second-line and third-line treatment and the huge
potential of its full-line treatment. Also, combined with
an analysis of efficacy and factors influencing safety, this
study can be a useful reference for clinical practice.

5. Conclusion

Pyrrotinib combined with chemotherapy has good efficacy
and high safety in the second- and third-line treatment of
HER2-positive advanced breast cancer.
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Background and Objective. With social pressures and changes in lifestyle habits, the incidence of female infertility has increased in
recent years. How to make timely and accurate assessment of the patency of the fallopian tubes in infertile women is of great
importance in the clinical management of infertility. Therefore, this study aims to provide a reference for the future clinical
application of hysterosalpingo-contrast sonography (HyCoSy) by comparing the advantages and disadvantages of different
dimensions of HyCoSy for the diagnosis of female infertility. Methods. Forty subjects who underwent routine two-dimensional
(2D) vaginal ultrasound, three-dimensional HyCoSy (3D-HyCoSy), and four-dimensional HyCoSy (4D-HyCoSy) examinations
from January 2021 to July 2022 at the ultrasound department of Pukou Branch of Jiangsu Province Hospital were enrolled to
this study. Fallopian tubal recanalization by hydrotubation (FTRH) was used as the gold standard to compare the efficacy of
2D vaginal ultrasound, 3D-HyCoSy, and 4D-HyCoSy in assessing the subjects for the presence of polyps, myomas, and other
occupants in the uterine cavity or uterine adhesions. Results. A total of 18 cases of uterine cavity lesions, 11 of pelvic lesions,
and 11 of ovarian lesions were identified by FTRH, while 80 fallopian tubes were found in 40 patients and 71 tubal
obstructions were detected by FTRH. Vaginal ultrasound assessment of uterine cavity, pelvis, ovarian lesions, and tubal
obstruction was moderately consistent with FTRH (Kappa = 0:616, 0.673, 0.654, and 0.640), 3D-HyCoSy was in good
agreement with FTRH (Kappa = 0:812, 0.910, 0.906, and 0.894), and 4D-HyCoSy was in good agreement with FTRH
(Kappa = 0:914, 0.903, 1.000, and 0.942), with 4D-HyCoSy being in good agreement with FTRH had the highest agreement.
Conclusion. 4D-HyCoSy can be used as an effective tool for clinical diagnosis of female tubal obstruction infertility and provide
a reference basis for the design of subsequent clinical treatment plans.

1. Introduction

With social pressures and changes in lifestyle habits, the inci-
dence of female infertility has increased in recent years [1].
Surveys show that more than 300,000 new cases of infertility
have been reported worldwide in 2020, an increase of 4-5
times compared to 2000 [2]. The occurrence of infertility not
only increases a woman’s mental stress, but also brings great
economic pressure, which seriously affects the normal life of
patients [3]. Currently, the clinical causes of infertility are
extremely complex and can be caused by lesions of the uterus,

fallopian tubes, and ovaries, among which tubal factors are the
most common, accounting for about 25-50% of all patients
[4]. Infertile women often have symptoms such as obesity,
chronic lower abdominal pain, and obvious dysmenorrhea,
and many infertile women do not have any clinical symptoms
[5]. There is no way to diagnose the cause of infertility based
on these clinical symptoms alone. A series of tests are needed
to help diagnosis. Therefore, how to make timely and accurate
assessment of the patency of the fallopian tubes in infertile
women is of great importance in the clinical management of
infertility [6]. Currently, there are various clinical methods
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for the evaluation of tubal obstruction, such as hysterosalpin-
gography under X-ray, uterine tubal fluid, FTRH, and hyster-
osalpingography under ultrasound [7]. Among them,
fallopian tubal recanalization by hydrotubation (FTRH) is
used as the most effective and accurate way to diagnose tubal
patency and is the gold standard for infertility testing [8].
However, FTRH is extremely invasive and the test is expensive
and carries a greater risk of use, which limits it from being the
first choice for infertility testing [9]. Because of this, the search
for an effective, safe, and accurate test is a hot topic in modern
infertility diagnosis and treatment.

Hysterosalpingo-contrast sonography (HyCoSy) is a non-
invasive, radiation-free test that did not gain clinical attention
in the early stages of development because of unsatisfactory
visualization and radiation exposure [10]. With the continu-
ous development of contrast agents and ultrasonography tech-
nology, three-dimensional HyCoSy (3D-HyCoSy) and four-
dimensional HyCoSy (4D-HyCoSy) have been developed,
and the quality of their image quality has been improved dra-
matically on the basis of the original HyCoSy, which has been
preliminarily confirmed for morphological assessment of the
fallopian tubes. For example, Hong’s research shows that
3D-HyCoSy can accurately assess the state of pelvic adhesions
in women and can be used for the assessment of tubal obstruc-
tion in women with infertility [11]. Pan said that 4D-HyCoSy
has a very comprehensive imaging effect on women’s fallopian
tubes, pelvis, and uterus. Endometrial thickness, fallopian tube
wall, ovarian motility, etc. can be clearly observed, which has
important research significance for evaluating female infertil-
ity [12]. Since HyCoSy is noninvasive, has no allergy and anes-
thesia risks, is radiation-free, and allows conception within a
short period of time after the test, if its role in infertility eval-
uation can be confirmed, it will be an important enhancement
for the future treatment of infertility.

Therefore, this study aims to provide a reference for the
future clinical application of HyCoSy by comparing the
advantages and disadvantages of different dimensions of
HyCoSy for the diagnosis of female infertility.

2. Materials and Methods

2.1. Study Area. The study was carried out at the Depart-
ment of Ultrasound, Pukou Branch Hospital of Jiangsu
People’s Hospital, from January 2021 to July 2022.

2.2. Research Subjects. Forty subjects who underwent routine
two-dimensional (2D) vaginal ultrasound, 3D-HyCoSy, and
4D-HyCoSy examinations in the Ultrasound Department of
Pukou Branch of Jiangsu Province Hospital from January
2021 to July 2022 were enrolled to retrospective analysis, and
the basic patient data are shown in Table 1. The experiment
was conducted in strict compliance with the Declaration of
Helsinki, and all subjects signed an informed consent form.

2.3. Inclusion and Exclusion Criteria. Inclusion criteria are as
follows: 3-7 d after the end of menstruation, with no sexual
intercourse during this period; routine blood and white
blood test results were normal; and age >22 years old.

Exclusion criteria are as follows: infertility caused by
endocrine abnormalities in the woman and semen abnor-
malities in the men; the presence of acute inflammation of
the internal and external genitalia and subacute or acute
attacks of chronic inflammation; and vaginal bleeding.

2.4. Main Instruments and Reagents. Color Doppler ultra-
sound diagnostic instrument (GE Voluson E10, USA), trans-
vaginal 4-dimensional ultrasound probe (GE RIC5-9-D,
center frequency 5.0-9.0MHz, USA), and Sonovir contrast
agent (Bracco Suisse SA, SFDA Approval No. J20130045).

2.5. Testing Methods. Altogether 5mL of saline was filled into
the glass bottle with powdered Sonovir, and 2mL was collected
and added into 18mL of saline to make 20mL of Sonovir dilu-
tion solution. A routine 2D vaginal ultrasound was performed
to clarify patients’ bilateral ovaries, pelvis, and uterus
(Figure 1); after routine disinfection and laying towels, a dis-
posable silicone rubber double shot hysterosalpingogram tube
was inserted vaginally into the uterine cavity, and 1.2-2.5mL
of saline was injected into the balloon. Subsequently, 5mL of
saline was extracted and injected into the subject’s uterine cav-
ity through the contrast tube to observe intrauterine polyps,
myomas, and other occupancies or uterine adhesions. In 3D-
HyCoSy, start the 3D mode prescan, keep the probe position
fixed under the transverse uterine section, select the 3D mode
after starting the contrast condition, adjust the pelvis to be
echo-free, and adjust the sampling frame larger to ensure the
observation range. The contrast dilution was injected slowly
and uniformly into the uterine cavity, and the collection of

Table 1: Basic data of the subjects.

Patient information n

Age 28:18 ± 3:66
Weight (kg) 55:58 ± 10:32
Height (cm) 158:65 ± 6:76
Family history of illness

Have 2 (5.00)

None 38 (95.00)

History of miscarriage

Have 4 (10.00)

None 36 (90.00)

Smoking

Yes 8 (20.00)

No 32 (80.00)

Drinking

Yes 7 (17.50)

No 33 (82.50)

Sleep situation

Normal 16 (40.00)

Irregular 24 (60.00)

Place of residence

City 29 (72.50)

Rural 11 (27.50)

2 Computational and Mathematical Methods in Medicine
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3D volume data was started when the two uterine horns
became highly echogenic. After image acquisition, the pelvic
and periovarian contrast distribution was observed via 2D con-
trast mode. The images are acquired 3 times continuously and
stored for backup. When evaluation is needed, the images are
pulled out, rotated, and cut, and the gain is adjusted for com-
prehensive analysis. For 4D-HyCoSy, in the center plane, start
the contrast condition and 4D scan mode, turn down the gain,
and turn up the sampling frame. During the process of contrast
injection into the catheter, real-time dynamic observation of
the high echo of contrast filling and flow in the uterine cavity
and fallopian tubes is made to make a diagnosis, and the video
can be played back frame by frame for analysis after being
called up.

2.6. Results Assessment. All imaging results were reviewed by
our two senior imaging physicians using a double-blind
method, and subjects were analyzed for uterine, ovarian, and
pelvic lesions and tubal patency based on 2D vaginal ultra-
sound, 3D-HyCoSy, and 4D-HyCoSy images. According to
the Clinical Application Guideline of Ultrasonography in
China, the subject’s fallopian tubes were visualized throughout
and traveled naturally, there was no resistance when pushing
the contrast agent, the contrast agent was wrapped around the
ovaries in a circular pattern, and the contrast agent was diffused
evenly in the pelvis. Tubal development is discontinuous, local
slender, nodular, or thickened, and there is resistance when
injecting contrast medium, and after stopping injection of con-
trast medium, some contrast media recycle back to the inner
orifice of the uterus (or even external orifice of the cervix).
The contrast medium diffused slowly from the fallopian tube
to the ovary and surrounded the ovary in an arc or semiring
shape. The diffusion and sparse results of the contrast medium
in the pelvic cavity were evaluated as tubal obstruction. The fal-
lopian tube is not developed throughout the whole process (or
only the proximal end of the fallopian tube), and the official cav-
ity is slender, stiff, and curved. There was a great resistance
when injecting the contrast medium. After stopping the con-
trast injection, almost all the contrast agent returned to the ecto-
cervix and the external vaginal opening. It was evaluated as
fallopian tube obstruction when there was no contrast agent

around the ovaries and no contrast agent diffusion in the pelvis.
When the results of the evaluation by two physicians were in
dispute, the opinion of a third physician was sought.

2.7. Outcome Measures. The results of the FTRH examination
[13] were employed as the gold standard to compare the effec-
tiveness of different dimensions of the HyCoSy examination
results in assessing the subjects for the presence of polyps, leio-
myomas, and other occupancies in the uterine cavity or uter-
ine adhesions. The calculation of diagnostic efficacy are as
follows: both FTRH and this method were judged to be posi-
tive, regarded as true positive, and marked asa; both FTRH
and this method were judged to be negative, regarded as true
negative, and marked asb; FTRH is judged as positive, this
method is judged as negative, it is regarded as false negative,
and marked asc; FTRH is judged as negative, this method is
judged as positive, it is regarded as false positive, and marked
asd.Sensitivity = a/ða + cÞ × 100%; Specificity = b/ðb + dÞ ×
100%; Diagnostic accuracy = ða + dÞ/ða + b + c + dÞ × 100%.

2.8. Statistical Methods. Statistical analysis was performed using
SPSS 22.0 software. The measurement data were recorded as
(�χ ± s), and the counting data were recorded as (%). Compari-
sons were made using the chi-square test, and differences were
considered statistically remarkable at P < 0:05.

3. Results

3.1. Summary of Results.Vaginal ultrasound assessment of uter-
ine cavity, pelvis, ovarian lesions, and tubal obstruction was
moderately consistent with FTRH (Kappa = 0:616, 0.673,
0.654, and 0.640), 3D-HyCoSy was in good agreement with
FTRH (Kappa = 0:812, 0.910, 0.906, and 0.894), and 4D-
HyCoSy was in good agreement with FTRH (Kappa = 0:914,
0.903, 1.000, and 0.942), with 4D-HyCoSy being in good agree-
ment with FTRH had the highest agreement.

3.2. Image Results. FTRH results manifested that uterine cav-
ity lesions were detected in 18 patients, pelvic lesions in 11
cases, and ovarian lesions in 11 cases in 40 patients. A total
of 80 fallopian tubes were found in 40 patients, and 71 tubal
obstructions were examined by FTRH. Typical findings of
vaginal ultrasound, 3D-HyCoSy, and 4D-HyCoSy are shown
in Figures 2 and 3.

3.3. Comparison of Uterine Cavity Lesion Screening. Vaginal
ultrasound detected 14 uterine cavity lesions with a diagnostic
sensitivity of 50.00%, specificity of 77.27%, accuracy of
65.00%, and moderate concordance with FTRH
(Kappa = 0:616, P < 0:05, Table 2). 3D-HyCoSy found 16
cases with a diagnostic sensitivity of 72.22%, specificity of
86.36%, accuracy of 80.00%, and good agreement with FTRH
(Kappa = 0:812, P < 0:05, Table 3). 4D-HyCoSy discovered 17
cases with a diagnostic sensitivity of 94.44%, specificity of
100.0%, accuracy of 97.50%, and good agreement with FTRH
(Kappa = 0:914, P < 0:05, Table 4).

3.4. Comparison of Pelvic Pathology Screening. 16 pelvic lesions
were tested by vaginal ultrasound, 10 pelvic lesions were found
by 3D-HyCoSy, and 13 pelvic lesions were examined by 4D-

Figure 1: Saline hysterosalpingogram.
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HyCoSy. The diagnostic sensitivity, specificity, and accuracy of
vaginal ultrasound were 63.64%, 64.52%, and 67.50%, respec-
tively, with moderate agreement with FTRH (Kappa = 0:673,
P < 0:05, Table 5). The diagnostic sensitivity, specificity, and
accuracy of 3D-HyCoSy were 81.82%, 96.55%, and 92.50%,
respectively, which were in good agreement with FTRH

(Kappa = 0:910, P < 0:05, Table 6). The diagnostic sensitivity,
specificity, and accuracy of 4D-HyCoSy were 90.91%, 89.66%,
and 90.00%, respectively, which were in good agreement with
FTRH (Kappa = 0:903, P < 0:05, Table 7).

3.5. Comparison of Ovarian Lesion Screening. 9 ovarian lesions
were tested by vaginal ultrasound, the diagnostic sensitivity
was 45.45%, the specificity was 86.21%, and the accuracy was
75.00% (Kappa = 0:654, P < 0:05, Table 8). 12 ovarian lesions
were found by 3D-HyCoSy, the diagnostic sensitivity was
90.91%, the specificity was 93.10%, and the accuracy was
92.50% (Kappa = 0:906, P < 0:05, Table 9). And 11 ovarian
lesions were examined by 4D-HyCoSy, and it is completely
consistent with the inspection results of FTRH (Kappa = 1,
Table 10).

(a) (b)

Figure 2: Female, 29 years old: (a) vaginal ultrasound reveals hydrosalpinx on the left fallopian tube. (b) 4D-HyCoSy examination reveals a
contrast collection at the end of the left tubal dilatation.

(a) (b)

Figure 3: Female, 32 years old: (a) endometrial polyp seen on vaginal ultrasound. (b) 3D-HyCoSy examination reveals endometrial polyps.

Table 2: Diagnostic effectiveness of vaginal ultrasound and FTRH
for uterine cavity lesions.

FTRH
Total Kappa P

(+) (-)

Vaginal ultrasound
(+) 9 5 14

0.616 <0.05(-) 9 17 26

Total 18 22

Table 3: Diagnostic effectiveness of 3D-HyCoSy and FTRH for
uterine cavity lesions.

FTRH
Total Kappa P

(+) (-)

3D-HyCoSy
(+) 13 3 16

0.812 <0.05(-) 5 19 24

Total 18 22

Table 4: Diagnostic effectiveness of 4D-HyCoSy and FTRH for
uterine cavity lesions.

FTRH
Total Kappa P

(+) (-)

4D-HyCoSy
(+) 17 0 17

0.914 <0.05(-) 1 22 23

Total 18 22

4 Computational and Mathematical Methods in Medicine
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3.6. Comparison of Tubal Patency Test Results. Vaginal ultra-
sound detected 54 obstructions with a diagnostic sensitivity
of 70.42%, specificity of 55.56%, accuracy of 68.75%, and
moderate agreement with FTRH (Kappa = 0:640, P < 0:05,
Table 11). 3D-HyCoSy found obstruction in 67 strips with
a diagnostic sensitivity of 92.96%, specificity of 88.89%,
accuracy of 92.50%, and good agreement with FTRH
(Kappa = 0:894, P < 0:05, Table 12). 4D-HyCoSy identified

obstruction in 68 entries with a diagnostic sensitivity of
95.77%, specificity of 100.0%, accuracy of 96.25%, and good
agreement with FTRH (Kappa = 0:942, P < 0:05, Table 13).

4. Discussion

The fallopian tubes have the role of transporting sperm,
picking up eggs, and being transported by fertilized eggs to
the uterine cavity, and they occupy a dominant position
among all the factors that cause infertility in women [14].
Thus, the correct and accurate assessment of tubal blockage
is of great importance for the diagnosis and treatment of
infertility. And for tubal obstruction assessment, both 3D-
HyCoSy and 4D-HyCoSy also revealed superior results [15,
16]. However, few studies have been conducted to compare
the effectiveness of 3D-HyCoSy with 4D-HyCoSy. Hence,
this study is an essential reference for the further populariza-
tion of HyCoSy use. At the same time, for the increasing
incidence of female infertility, finding the cause of infertility
quickly and accurately is the key to complete clinical treat-
ment and achieve normal pregnancy. By exploring the appli-
cation of HyCoSy, it is also beneficial to better grasp the
assessment of the causes of female infertility in the future,
so as to provide patients with more reliable diagnosis and
treatment advice.

In this study, we found that both 3D-HyCoSy and 4D-
HyCoSy had better diagnostic results for infertility than 2D
vaginal ultrasound, but the evaluation results of 4D-
HyCoSy for uterine cavity, pelvis, ovarian lesions, and tubal
patency were more consistent with laparoscopic tubal lavage,
indicating that 4D-HyCoSy has a higher clinical application
prospect. Previous studies have pointed out that although
the clear images of 3D-HyCoSy provide a more visual and
three-dimensional view of the course and morphology of
the fallopian tubes, there are certain limitations, such as
the fact that only one 3D image can be obtained per 3D-
HyCoSy examination. And the start time and speed of the
scan and the timing of the contrast agent need to be strictly
controlled during the scan. At the same time, since the probe
cannot be moved during 3D-HyCoSy, it is necessary to rely
on the experience of the examiner to judge the depth, angle,
and range of the scan, etc. Therefore, 3D-HyCoSy requires
high professional skills of the operator, and only after profi-
ciency can images of good quality be obtained [17–19]. The
4D-HyCoSy is a 3D volumetric database with high frame
rate, which can display the whole process of contrast agent
entering the uterine cavity from the catheter and developing
the fallopian tubes in real time. The image is dynamic and
clear, and it is convenient to observe the degree of patency

Table 5: Diagnostic effectiveness of vaginal ultrasound versus
FTRH for pelvic lesions.

FTRH
Total Kappa P

(+) (-)

Vaginal ultrasound
(+) 7 9 16

0.673 <0.05(-) 4 20 24

Total 11 29

Table 6: Diagnostic effectiveness of 3D-HyCoSy versus FTRH for
pelvic lesions.

FTRH
Total Kappa P

(+) (-)

3D-HyCoSy
(+) 9 1 10

0.910 <0.05(-) 2 28 27

Total 11 29

Table 7: Diagnostic effectiveness of 4D-HyCoSy versus FTRH for
pelvic lesions.

FTRH
Total Kappa P

(+) (-)

4D-HyCoSy
(+) 10 3 13

0.903 <0.05(-) 1 26 27

Total 11 29

Table 8: Diagnostic effectiveness of vaginal ultrasound and FTRH
on ovarian lesions.

FTRH
Total Kappa P

(+) (-)

Vaginal ultrasound
(+) 5 4 9

0.654 <0.05(-) 6 25 31

Total 11 29

Table 9: Diagnostic effectiveness of 3D-HyCoSy and FTRH on
ovarian lesions.

FTRH
Total Kappa P

(+) (-)

3D-HyCoSy
(+) 10 2 12

0.906 <0.05(-) 1 27 28

Total 11 29

Table 10: Diagnostic effectiveness of 4D-HyCoSy and FTRH on
ovarian lesions.

FTRH
Total Kappa P

(+) (-)

4D-HyCoSy
(+) 11 0 11

1.000 <0.05(-) 0 29 29

Total 11 29
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of the fallopian tubes, the morphology of the tubal and uter-
ine cavities, and the diffusion of contrast agent in the pelvis.
The scanning process can rotate the plane to select the best
viewing and acquisition angles [20, 21]. We believe that
the reason for some discrepancies in the results of the two
examinations may lie in the shorter image scanning time
of 3D-HyCoSy, when a transient blockage and spasm of
the fallopian tubes may have been caused by the accumula-
tion of air bubbles, leading to misdiagnosis. Besides, 3D-
HyCoSy is a posterior-to-forward sweep, and the position
of the fallopian tubes needs to be predicted in relation to
the uterus and ovaries to determine the time to activate the
3D mode; otherwise, the contrast agent may diffuse into
the pelvis and interfere with the image or “off-target” the
distal fallopian tubes [22]. Moreover, 3D-HyCoSy is suscep-
tible to the influence of contrast agents that diffuse into the
pelvis, parametrial venous reflux, and myometrium, and
there are more confounding factors in the evaluation of the
final results [23], while 4D-HyCoSy acquires a video record-
ing that dynamically records the entire process of contrast
medium entering the uterine cavity and flowing into the fal-
lopian tube to its ejection from the umbilical end. Its advan-
tage is that it allows dynamic observation and frame-by-
frame playback, which is more conducive to clinical observa-
tion of the details of the fallopian tube and confirmation of
the presence of diffusion and backflow [24]. Finally, the
4D-HyCoSy examination also allows the probe to be moved
during the examination to find the most ideal viewing angle,

thus allowing a more effective evaluation of the difference in
bilateral fallopian tube visualization time [25]. Nevertheless,
there are still several issues that deserve attention. For exam-
ple, due to the lack of clinical guidelines for 4D-HyCoSy,
some of the diagnostic criteria are still not quantified; there
may be some subjective differences in the judgment of the
results, which need to be evaluated in conjunction with
patients’ specific situation and physicians’ opinion. In some
children with severe tubal occlusion, the injected contrast
agent may diffuse or return to other surrounding organs,
so it should be pushed as slowly as possible to prevent reflux.
If the uterus is positioned too far forward or backward, the
position of the uterus can be adjusted by filling the bladder
to prevent leakage of the contrast medium.

Of course, since this study is a retrospective analysis and
the number of subjects is small, we cannot exclude that there
may be chance in the test results. Subsequently, we need to
conduct randomized controlled trials to further confirm
the advantages and disadvantages of 3D-HyCoSy versus
4D-HyCoSy as soon as possible. In the meantime, we need
to conduct a trial on the effect of infertility treatment under
4D-HyCoSy guidance to provide a more comprehensive ref-
erence for the future use of HyCoSy. Of course, the most
critical point is that because neither 3D-HyCoSy nor 4D-
HyCoSy has been widely used in clinical practice, there is a
lack of unified clinical manipulation and evaluation guide-
lines for the evaluation of female infertility by 3D-HyCoSy
and 4D-HyCoSy. This is also a big problem to realize the
clinical application of 3D-HyCoSy and 4D-HyCoSy. There-
fore, we hope that more researchers can join in the research
on the diagnosis of female infertility by 3D-HyCoSy and 4D-
HyCoSy and realize the popularization and use of 3D-
HyCoSy and 4D-HyCoSy as soon as possible.

5. Conclusion

4D-HyCoSy can be used as an effective tool for clinical diag-
nosis of female tubal obstruction infertility and provide a
reference basis for the design of subsequent clinical treat-
ment plans.
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Table 11: Diagnostic effectiveness of vaginal ultrasound versus
FTRH for tubal obstruction.

FTRH
Total Kappa P

(+) (-)

Vaginal ultrasound
(+) 50 4 54

0.640 <0.05(-) 21 5 26

Total 71 9

Table 12: Diagnostic effectiveness of 3D-HyCoSy versus FTRH for
tubal obstruction.

FTRH
Total Kappa P

(+) (-)

3D-HyCoSy
(+) 66 1 67

0.894 <0.05(-) 5 8 13

Total 71 9

Table 13: Diagnostic effectiveness of 4D-HyCoSy versus FTRH for
tubal obstruction.

FTRH
Total Kappa P

(+) (-)

4D-HyCoSy
(+) 68 0 68

0.942 <0.05(-) 3 9 12

Total 71 9
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Objective. To compare the efficacy and psychology of breast-conserving surgery and modified radical mastectomy in patients with
early breast cancer (BC) under graded nursing. Methods. Forty-one early breast-conserving surgery BC patients admitted to our
hospital from April 2020 to March 2022 were regarded as group A, and 52 with modified radical surgery were seen as group B.
The operating time, intraoperative bleeding, postoperative drainage, and hospital stay were compared, and the postoperative
adverse effects were counted. In addition, patients’ psychology and quality of life were assessed using the HAMD, HAMA, and
QLSBC rating scales. At the time of discharge, a treatment satisfaction survey was conducted. Results. The operative time,
intraoperative bleeding, postoperative drainage, and hospital stay of patients in group A were lower than those in group B
(P < 0:05). After treatment, the HAMD and HAMA scores were lower in group A than in group B, while the QLSBC scores
and treatment satisfaction were higher (P < 0:05). Conclusion. Breast-conserving surgery under graded nursing is less damaging
to early BC patients. It can effectively shorten the postoperative recovery process and improve the psychology and quality of
life, so it has higher clinical applicability.

1. Introduction

Breast cancer (BC), an extremely common clinical malig-
nancy, has a high incidence worldwide [1]. It mostly occurs
in the mammary duct epithelium, and middle-aged and
older women are the most prevalent group, and the inci-
dence has shown a younger trend [2]. With the continuous
development of modern medical technology, the rate of early
BC diagnosis is increasing, and surgical treatment remains
the best treatment option. Traditional radical mastectomy
requires the entire breast and surrounding tissues to be
removed due to the large excision range, which is rarely used
in clinical practice [3]. The modified version of radical sur-
gery has gradually developed into a common clinical proce-
dure because of the surgical preservation of the pectoralis
muscle and better postoperative appearance [4]. However,
for young women, the lack of breasts after radical surgery
will greatly impact the patient’s self-esteem, affect future
marital relationships, breastfeeding, etc., making patients

prone to anxiety, depression, low self-esteem, and other neg-
ative emotions, affecting the treatment effect [5]. But breast-
conserving surgery can effectively solve this problem without
affecting the treatment effect, and improve the aesthetics of
BC treatment [6].

In modern health care, the intervention of nursing tools
is likewise one of the most vital aspects of improving patient
outcome [7]. Several studies have shown the positive impact
of applying individualized care strategies for various types of
oncology patients [8], but there is still a lack of uniform clin-
ical standard guidelines for BC. Through access to literature,
we discovered that graded nursing is a type of service that is
graded according to the severity of illness of patients and
implemented in a targeted, detailed, and precise manner in
relation to their actual condition [9]. It has been shown to
exert excellent effects in the surgical treatment of diseases
such as gastric cancer and lung cancer [10]. Recently, our
hospital has been gradually promoting the use of graded
nursing in all departments and expects to improve the
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quality of medical services and patients’ treatment experi-
ence in this way.

Thus, this research will provide a reliable reference and
guidance for future clinical treatment of early BC patients
by comparing the assessment of outcomes and the impact
of psychology between breast-conserving surgery and modi-
fied radical surgery under graded nursing.

2. Materials and Methods

2.1. Study Area. The study was carried out at Department of
Thyroid and Breast Surgery, Affiliated Hospital of Nantong
University from April 2020 to April 2022.

2.2. General Data. Ninety-three patients with early BC admit-
ted to our hospital from April 2020 to March 2022 were
enrolled to this research. Among them, 41 patients received
breast-conserving surgery were regarded as group A, and 52
with modified radical mastectomy were considered as group
B. All the above subjects signed the informed consent form.

2.3. Inclusion and Exclusion Criteria. Inclusion criteria: all the
selected patients were confirmed as early BC by pathological
examination, and all of them chose to be treated in our hospital
after diagnosis; patients have not received chemotherapy, radio-
therapy, or endocrine therapy either preoperatively or prior to
puncture; those with TNM stage I-II (The staging standard is
based on the BC Staging Guidelines [11]) and those with com-
plete medical records; patients or their immediate family mem-
bers signed an informed consent form.

Exclusion criteria: those with othermalignancies; those with
multiple chronic diseases; those with cardiovascular and cere-
brovascular diseases; those with organ dysfunction; those with
drug allergies; those who suffer from mental illness or physical
disability that prevents them from taking care of themselves;
contraindication to surgery; transferred patients.

2.4. Hospitalization Management. Both groups of patients
were admitted to the hospital using graded nursing [12]. The
nursing team was led by the head nurse to establish a nursing
plan, standardize the process and quality, and give patients a
grade classification based on their own conditions, and imple-
ment targetedmeasures considering the classification. It is more
helpful for patients with complex conditions to receive timely
and active intervention and ensure the quality of nursing. Fur-
thermore, nurses should help patients prepare for operation,
including notification of surgical procedures, presentation of
successful cases, and emotional counseling. After surgery,
patients’ vital signs are closely observed, healthy diet is
instructed, upper limb function exercises are carried out in a
timely manner, and professional guidance is provided to
improve their discomfort and prognosis.

2.5. Operation Treatment. The surgeries of both groups were
performed by the same surgical team in our hospital. Group
A: with the lesion as the center, radial, transverse, or curved
incision was chosen according to the location of the tumor,
and the base of the tumor and normal breast tissue were excised
at 1 cm from the tumor. The excised tissues were subjected to
rapid cryopathological examination to mark the internal, exter-

nal, upper, lower, and basal locations of the incision margin.
When the diagnosis is positive at the incision margin, it is nec-
essary to expand the excision again until the test is negative.
Then, lymph node dissection is performed in the range of axil-
lary vein, deep surface of pectoralis minor muscle and anterior
border of latissimus dorsi muscle, and a drainage tube is dis-
posed in the incision, sutured, and pressure bandaged. Group
B: after intravenous compound inhalation anesthesia, the surgi-
cal incision was decided according to the size of the affected
breast and the location of the tumor, etc. The surgical incision
was made 2-5cm from the outer edge of the tumor and a fusi-
form incision was made. After cutting the skin of patients’
affected breast, the affected breast was excised from the surface
of the pectoralis major muscle using an electric knife to free the
flap superiorly to the clavicle, inferiorly to the superior edge of
the rectus abdominis sheath, internally to the parasternal ster-
num, and externally to the anterior edge of the latissimus dorsi.
Patients’ axilla was disposed of bymaking an incision and lifting
the pectoralis major and pectoralis minor muscles inward and
upward with a thyroid pull hook to fully expose his axilla. The
axillary lymph nodes on the affected side of patients and the
lymph nodes between the pectoralis major and minor muscles
were removed. Patients’ surgical wound was irrigated and
soaked using distilled water (45°C), followed by routine place-
ment of a drainage tube and suturing of the incision.

2.6. Outcome Measures. The operative indexes of both
groups were compared, including operation time, intraoper-
ative blood loss, postoperative drainage, and hospital stay.
The postoperative complications of the two groups of
patients were counted, and the incidence of complications
= the number of complications/total number × 100%. And
the treatment satisfaction before discharge was calculated
through the self-made satisfaction scale, the alternative
answers are very satisfied, satisfied, dissatisfied, total
satisfaction = ðvery satisfied + satisfiedÞ/total × 100%. The
psychological scores after treatment were evaluated by
HAMD [13] and HAMA [14] scores, HAMD includes 17
survey items, HAMA includes 14 survey items, and the alter-
native answers are asymptomatic (0 points), mild (1 point),
moderate (2 points), severe (3 points), and very severe (4
points), the higher the score, the more severe the depression
and anxiety. The Quality-of-Life Scale for BC (QLSBC) [15]
was used to assess the posttreatment quality of life in both
groups, including four dimensions of physical functioning,
social functioning, psychology, and faith factors, with higher
scores indicating higher quality of life.

2.7. Statistical Methods. Data were analyzed statistically using
SPSS24.0 software. Thereinto, the counting data were repre-
sented as (%) and compared through the chi-square test, while
the measurement data were expressed in ð−χ ± sÞ and assessed
through t-test and paired t-test. The difference was statistically
marked (P < 0:05).

3. Results

3.1. Summary of Results. The operative time, intraoperative
bleeding, postoperative drainage, and hospital stay of
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patients in group A were lower than those in group B
(P < 0:05). After treatment, the HAMD and HAMA scores
were lower in group A than in group B, while the QLSBC
scores and treatment satisfaction were higher (P < 0:05).

3.2. Baseline Data Comparison. The general data such as age
and BMI of patients were counted (Table 1). Both groups
revealed no statistical difference (P > 0:05), suggesting that
there was comparability between groups and that subse-
quent experimental analysis could be performed.

3.3. Comparison of Operative Indexes between Groups. It can
be seen that the operative time was shorter in group A than in
group B (59:07 ± 9:79min vs. 96:19 ± 12:85min, P < 0:05,
Figure 1(a)). The intraoperative bleeding in group A was
(45:95 ± 8:27mL), also lower than group B (P < 0:05,
Figure 1(b)). The postoperative drainage was lower in group
A than in group B (P < 0:05, Figure 1(c)). The length of stay
in group A was (3:36 ± 0:88d), which was dramatically shorter
than that in group B (P < 0:05, Figure 1(d)).

3.4. Comparison of Postoperative Adverse Reactions. In group
A, 2.44% (1 case) of patients had incision infection, 2.44% (1
case) had nausea and vomiting, 2.44% (1 case) had upper limb
swelling, and 2.44% (1 case) had subcutaneous effusion. The
total incidence of adverse reactions was 9.76%. While in group
B, 1.92% (1 case) of patients had incision infection, 3.85% (2
cases) had nausea and vomiting, 3.85% (2 cases) had upper limb
swelling, 1.92% (1 case) had flap necrosis, and 1.92% (1 case)
had subcutaneous effusion. The total incidence was 13.46%.
There was no marked difference in the incidence of postopera-
tive adverse reactions between groups (P > 0:05, Table 2).

3.5. Comparison of Psychology before and after Treatment.
Changes in patients’ psychology are equally one of the impor-
tant aspects that need to be brought to clinical attention in
healthcare services nowadays. Thus, we compared the changes
in psychological scores of patients before and after treatment.
It turned out that the differences in HAMD and HAMA scores
before treatment were not statistically obvious (P > 0:05). The
HAMD score in group A was (8:78 ± 3:18) after treatment,
which was lower than that in group B (P < 0:05, Figure 2(a))
The HAMA score was (8:34 ± 3:50), which was similarly lower
than in group B (P < 0:05, Figure 2(b)). In addition, the HAMD
and HAMA scores were remarkably lower in both groups after
treatment than before treatment (P < 0:05).

3.6. Comparison of Quality of Life before and after
Treatment. Likewise, quality of life, another aspect of modern
clinical services that deserves attention, is a direct reflection of
patient recovery and prognosis to a large extent. There was no
difference in the scores of each dimension of QLSBC score
between groups before treatment (P > 0:05), while the somatic
function score in group A was (58:10 ± 5:64) after treatment,
which was dramatically higher than that in group B (P < 0:05,
Figure 3(a)). But the psychology score in group A was
(76:93 ± 4:34), also dramatically higher than in group B
(P < 0:05, Figure 3(b)). The social functioning domain scores
of patients in group A were also higher than those in group B
(P < 0:05, Figure 3(c)). And the faith factor score in group A

was (44:46 ± 5:58), which was higher than that in group B
(35:87 ± 7:21), (P < 0:05, Figure 3(d)).

3.7. Treatment Satisfaction Comparison. The treatment satis-
faction survey in both groups denoted that 58.54% of patients in
group A were very satisfied and only 7.32% were dissatisfied,
with an overall satisfaction rate of 92.68%. While only 36.54%
of patients in group B rated very satisfied, and 26.92% rated
unsatisfied, for a total rate of 73.08%. The total satisfaction
was dramatically higher in group A than in group B (P < 0:05
, Table 3).

4. Discussion

BC, one of the most common female tumors, has seriously
affected the lives of more than 1.2 million female patients
worldwide [16]. For early BC, timely surgical procedures
can effectively mitigate the pathological development of BC
and provide for patient safety [17]. However, because the
tumor lesion invades normal breast tissue, most patients
may require total removal of the entire breast tissue during
surgery [18]. And that is why it is also necessary to pay
closer attention to the changes in x patients to soothe the
psychological burden caused by mastectomy and provide
them with prognosis [18]. Graded nursing, one of the com-
mon nursing strategies clinically, has achieved extremely
excellent results in the treatment of dementia and diabetes
[19, 20], but its effectiveness in BC is indistinct.

Currently, personalized care strategies are also one of the
extremely important key aspects in modern oncological

Table 1: Baseline datasheet.

Group A
(n = 41)

Group B
(n = 52)

t or
χ2 P

Age 64:07 ± 4:95 62:77 ± 9:27 0.811 0.420

BMI (kg/m2) 26:11 ± 3:03 25:32 ± 3:33 1.181 0.241

Living
environment

0.862 0.353

In the city 26 (63.41) 28 (53.85)

In the
countryside

15 (36.59) 24 (46.15)

Type of cancer 0.797 0.372

Ductal cancer 41 (100.0) 51 (98.08)

Lobular cancer 0 (0.0) 1 (1.92)

Drinking 0.001 0.982

Yes 4 (9.76) 5 (9.62)

No 37 (90.24) 47 (90.38)

Family history of
illness

0.145 0.703

Have 1 (2.44) 2 (3.85)

None 40 (97.56) 50 (96.15)

Pathological stage 0.091 0.764

Stage I 21 (51.22) 25 (48.08)

Stage II 20 (48.78) 27 (51.92)
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Figure 1: Comparison of surgical indicators between groups. (a) Comparison of operative time between groups. (b) Comparison of
intraoperative bleeding between groups. (c) Comparison of postoperative drainage between groups. (d) Comparison of length of stay
between groups. ∗∗∗P < 0:005.

Table 2: Postoperative adverse reactions.

Incision
infection

Nausea and
vomiting

Upper limb
swelling

Flap
necrosis

Subcutaneous
effusion

Total incidence
(%)

Group A (n = 41
)

1 (2.44) 1 (2.44) 1 (2.44) 0 (0.00) 1 (2.44) 9.76

Group B (n = 52) 1 (1.92) 2 (3.85) 2 (3.85) 1 (1.92) 1 (1.92) 13.46%

χ2 0.302

P 0.583
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Figure 2: Comparison of psychology before and after treatment. (a) Comparison of HAMD scores of both groups before and after
treatment. (b) Comparison of HAMA scores of both groups before and after treatment. ∗∗∗P < 0:005.
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diseases. Among them, graded nursing, as an excellent nurs-
ing management model, has the core concept of patient-
centeredness and different treatment measures for patients’
conditions through environmental management, psycholog-
ical guidance, health education, and adjustment of restraint
measures under the guidance of nursing humanistic care
principles and other methods. It cannot only improve their
hospital comfort and eliminate negative emotions but also
enhance their treatment effects and recovery to a certain
extent [21, 22]. In the case of BC surgery patients, this
research can lay the foundation for further promotion and
application of subsequent graded nursing. In previous

studies, graded nursing has achieved excellent results in the
treatment of diabetes, meningioma, and other diseases, and
it has been found to improve the nursing efficiency of car-
diothoracic surgery patients and alleviate the negative emo-
tions of patients [23–25]. At present, the idea that
“individualized nursing strategies can improve the overall
recovery of the disease” has been unanimously recognized
by the clinic [26]. Therefore, for patients with BC surgery,
the application of this study can provide a reliable reference
for the follow-up treatment and nursing of BC, further pro-
tect the life safety of patients, and lay a foundation for the
promotion and application of graded nursing.
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Figure 3: Comparison of quality of life before and after treatment. (a) Comparison of somatic function scores of both groups before and
after treatment. (b) Comparison of psychology scores of both groups before and after treatment. (c) Comparison of functioning domain
scores of both groups before and after treatment. (d) Comparison of faith factor scores of both groups before and after treatment. ∗∗∗P
< 0:005.

Table 3: Treatment satisfaction survey.

Very satisfied Satisfied Dissatisfied Total satisfaction (%)

Group A (n = 41) 24 (58.54) 14 (34.15) 3 (7.32) 92.68

Group B (n = 52) 19 (36.54) 19 (36.54) 14 (26.92) 73.08

χ2 5.899

P 0.015
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First, we compared the surgical conditions of both
groups, and the operative time, intraoperative bleeding,
postoperative drainage, and hospital stay of patients in
group A were shorter than those in group B, suggesting that
our breast-conserving surgery is less damaging to those with
early BC and can effectively shorten their postoperative
recovery. In a previous study, we also found that the postop-
erative recovery process was shorter in patients undergoing
breast-conserving surgery than those with conventional rad-
ical surgery [27], which could also verify the accuracy of this
experiment. The feasibility of breast-conserving surgery was
confirmed in the NSABP B-06 study in 1995 [28]; because
breast-conserving surgery removes only a small area of tis-
sue within the breast when removing the tumor, it can avoid
the invasive operation of modified radical surgery with
extensive removal of breast contents, skin flaps, and other
tissues to a certain extent. So, it causes less damage to the tis-
sues surrounding the lesion within the breast and shortens
the postoperative recovery time of patients [29]. Besides,
breast-conserving surgery cannot only preserve the breast
to the maximum extent and ensure its shape and function
to meet the cosmetic needs of patients as much as possible
but also safeguard the psychology of patients and reduce
the possibility of negative emotions [30]. In the follow-up
investigation of the psychology scores of both groups, we
also found that the postoperative HAMD and HAMA scores
of patients in group A were lower than those of group B,
indicating that the postoperative psychology of patients with
breast-conserving surgery was more excellent. The lower
psychological burden caused by breast-conserving surgery
on patients has been mentioned several times in previous
studies [31, 32]. In addition, in previous studies, we also
found that graded care can also improve the psychological
state of stroke and pancreatitis [33, 34], so the improvement
of psychological state of patients in the two groups may also
be affected by graded care. But this effect is positive for the
patient’s recovery. Nevertheless, we found no statistical dif-
ference in the incidence of adverse reactions between groups,
which may be due to statistical contingency caused by small
number of cases. It may also be because the subjects were all
early BC patients, and therefore generally had a better post-
operative recovery and a lower incidence of adverse effects.
This will be verified as soon as possible in the follow-up
experiments. Finally, we compared the quality of life
between both groups, and the QLSBC score of patients in
group A was higher, which indicated that the quality of life
of those undergoing breast-conserving surgery was better
after treatment. And this we presume is also because
breast-conserving surgery causes less damage to patients.
Meanwhile, the improvement of patients’ negative emotions
can more effectively enhance their postoperative recovery
and quality of life. More than that, the treatment satisfaction
rate was also higher in group A than in group B. It also once
again indicates that breast-conserving surgery is more appli-
cable in BC treatment and more recommended for clinical
preference. Of course, the application of breast conserving
surgery in the treatment of BC has been clinically verified
many times [35, 36], and this study further highlights the
future significance of breast conserving surgery in the treat-

ment of BC through the comparison with modified radical
mastectomy. This will undoubtedly be of great help to the
choice of surgical treatment for BC patients.

5. Conclusion

Breast-conserving surgery under graded nursing is less dam-
aging to early BC patients. It can effectively shorten the post-
operative recovery process and improve the psychology and
quality of life, so it has higher clinical applicability.
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This study is aimed at investigating the effect of thoracic paravertebral block (TPVB) on the occurrence of chronic postoperative
pain, postoperative anxiety, and depression in patients undergoing thoracoscopic radical lung cancer surgery. A total of 120
patients who underwent thoracoscopic radical lung cancer surgery in our hospital from June 2019 to March 2021 were
included. There were 62 males and 58 females, with an age of 18-75 years old and a body mass index of 20-28 kg/m2. Patients
were divided into two groups using the random number table method, TPVB group (n = 60) and normal saline group (control
group, n = 60). Two-point nerve block was performed at T5-6 and T6-7 levels. Patients in the TPVB group received nerve
block with 15mL of 0.375% ropivacaine hydrochloride, while those in the control group received 5mL of 0.9% normal saline.
The numeric rating scale (NRS) scores at rest and during movement at 24 and 48 hours after surgery and the number of times
the button on the patient-controlled analgesia pressed at 24 h after surgery in two groups were recorded. All patients were
followed up by outpatient visits or phone visits at 1 year after surgery and assessed using Leeds Assessment of Neuropathic
Symptoms and Signs (LANSS) pain scale and Hospital Anxiety and Depression Scale (HADS). According to the inclusion,
exclusion, and drop-out criteria, 108 patients were finally included, with 52 patients in the TPVB group and 56 patients in the
control group. There was no statistically significant difference between the two groups in terms of age, sex, height, body
weight, body mass index, ASA classification, and operation time (P > 0:05). NRS pain scores at 24 h (P = 0:0108) and 48 h
(P = 0:0000) after surgery, the number of times pressing patient-controlled analgesia at 24 h after surgery (P = 0:0000), the
LANSS scores (P = 0:0000), HADS anxiety score (P = 0:0000), and depression scores (P = 0:0000) at 1 year after surgery in the
TPVB group were both significantly lower than those in the control group. To sum up, ultrasound-guided TPVB can
effectively relieve pain at 48 hours after thoracoscopic lung cancer radical surgery and chronic postoperative pain at 6 months
after V thoracoscopic lung cancer radical surgery.

1. Introduction

Pain is one of the most important causes of stress in patients
undergoing surgery, which can lead to increased postsurgical
stress response and various cardiovascular and cerebrovas-
cular complications and affect the quality of life of patients
following surgery [1]. For patients undergoing thoracic sur-
gery, postoperative pain obviously impairs patients’ ability to
take deep breaths, to cough, and to clear sputum, thus lead-

ing to complications such as lung infection. If pain manage-
ment is inadequate, postoperative pain can even develop
into neuropathic pain [2], which seriously affects the quality
of life of patients and even leads to severe anxiety and
depression.

Lung cancer is one of the most common malignant
tumors all over the world, with high mortality and morbidity
and a tendency to metastasize, which threatens human
health and life [3]. Thoracoscopic lung cancer radical
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surgery is currently the mainstream treatment for lung
cancer. One major advantage of video-assisted thoraco-
scopic lung cancer radical surgery is preservation of chest
wall, thus reducing tissue and nerve damage at the surgical
incision site, which can not only reduce surgical trauma
but also obviously reduce postoperative pain, speed up
the recovery of patients after surgery, and shorten the
length of hospital stay [4].

The analgesic effect of thoracic paravertebral block
(TPVB) is similar to that of epidural analgesia, which can
obviously reduce the incidence of chronic postoperative pain
in patients undergoing thoracoscopic radical resection of
lung cancer [5]; there are few studies investigating the effect
of TPVB and chronic pain on patients’ quality of life after
surgery. Therefore, in this study, we conducted a one-year
follow-up of patients undergoing thoracoscopic lung cancer
radical surgery; assessed chronic postoperative pain, anxiety,
and depression by using Leeds Assessment of Neuropathic
Symptoms and Signs (LANSS) and the Hospital Anxiety
and Hospital Anxiety and Depression Scale (HADS); and
explored the effect of TPVB on postoperative pain, anxiety,
and depression in these patients.

This study investigated the effect of TPVB on the occur-
rence of chronic postoperative pain, postoperative anxiety,
and depression in patients undergoing thoracoscopic radical
lung cancer surgery, so as to provide a reference for clinical
promotion of TPVB and enhancement of chronic postoper-
ative pain management.

2. Subjects and Methods

2.1. Subjects. This was a double-blind randomized controlled
study. This study was approved by the ethics committee of
our hospital (clinical trial number: ChiCTR20190516003).
Written informed consent was obtained from all patients
included in the study. This study complied with the Declara-
tion of Helsinki and adheres to CONSORT guidelines.

A total of 120 patients who thoracoscopic lung cancer
radical surgery in our hospital from June 2019 to March
2021 were included. The inclusion criteria were as follows:
patients who were aged 18-75 years with body mass index
of 20-28 kg/m2, American Society of Anesthesiologists
(ASA) I or II, operative time of <4 hours, and no surgical
history, as well as no history of psychiatric and neurolog-
ical diseases. Exclusion criteria were as follows: aged ≥76
years, allergy to anesthetic drugs, puncture site infection,
history of chest surgery or trauma, history of chronic pain,
and history of psychiatric and neurological disorders,
including depressive or anxious tendencies. Drop-out cri-
teria were as follows: patients who were lost to follow-up
patients who were unable to cooperate properly with
assessment, and patients who received other surgical treat-
ment during follow-up.

2.2. Methods. Patients were divided into two groups using a
random number table: TPVB group and normal saline
group (control group). All procedures were performed by a
senior attending physician who had more than 5 years of
experience in TPVB and completed more than 50 cases of

TPVB alone. The physician was unaware of treatment
assignments. The injectable drugs are prepared by a physi-
cian before the procedure. None of patients received precon-
ditioning before entering the operating room. After patients
entered the operating room, vital signs were monitored rou-
tinely, including heart rate, blood pressure, oxygen satura-
tion (pulse oximetry), invasive arterial blood pressure, and
bispectral index (BIS) [6]. All patients underwent combined
intravenous-inhalational general anesthesia with conven-
tional doses of anesthetic drugs including fentanyl (0.5μg/
kg), rocuronium (0.6mg/kg), and sevoflurane (1–1.5%) cal-
culated based on patients’ body weight, and then, bronchial
intubation was performed. After patients were turned to
the lateral decubitus position, the position of the T5 spinous
process was determined by manual palpation, the ultrasound
probe was oriented vertically perpendicular to the midline
and then moved upward to check the spinous process and
confirm the structures, such as transverse process and
pleura. After routine disinfection, two-point nerve block
was performed at T5-6 and T6-7 levels, it is needed to con-
firm that the tip of the nerve block needle passed through the
costotransverse ligament and entered in the paravertebral
space, and there was no blood return after pulling back.
For patients in the TPVB group, 15mL of 0.375% ropiva-
caine hydrochloride was slowly injected at the two points.
For patients in the control group, 15mL of 0.9% normal
saline was slowly injected [7].

After surgery, all patients were treated with intravenous
patient-controlled analgesia (PCA, adding 1.2mg fentanyl
into normal saline to make a total volume of 100mL) for
postoperative analgesia. The PCA was set as a basal infusion
rate of 2mL/h, a bolus dose of 2mL, with lockout time of
15min. When pain control was not satisfactory, patients
were encouraged to self-administer bolus doses of medica-
tion by pressing the PCA button. If postoperative pain is still
not effectively relieved, additional nonsteroidal analgesic
drugs can be administered; if the pain is still not relieved,
consultation with an anesthesiologist may be necessary [8].

The numerical rating scale (NRS) pain scores at rest and
during movement and the number of times the button on
the PCA pressed at 24h and 48h after surgery were recorded.
All patients were followed up by outpatient visits or phone
visits at one year after surgery and analyzed using the LANSS
scale and HADS. A LANSS score of ≥12 indicates the presence
of neuropathic pain, and further treatment for chronic pain is
recommended for such patients. A score of ≥11 on either
HADS depression subscale (HADS-D) or anxiety subscale
(HADS-A) indicates the presence of anxiety and depressive
symptoms [9]. Throughout the study, patients, anesthesiolo-
gist, and surgeon were both unaware of treatment assign-
ments; the physicians who assessed the outcomes during
follow-up via outpatient visits or phone visits were also
unaware of treatment assignments in order to prevent bias
in assessment of subjective outcomes.

2.3. Statistical Analysis. Statistical analysis was carried out
using SPSS software (version 24.0, IBM, New York, NY,
USA). Continuous variables with normal distribution are
expressed as the mean ± SD, and comparisons between
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groups were conducted by using two independent sample t
-test. Continuous variables with a skewed distribution are
expressed as median (M) and interquartile ranges (IQR).
Categorical data are expressed as number and percentages.
Differences between groups were analyzed with the chi
squared (χ2) test or Fisher’s exact test. P < 0:05 was consid-
ered to indicate a statistically significant difference.

3. Results

3.1. Baseline Characteristics of Patients. A total of 120
patients were initially enrolled in this study. According to
the aforementioned inclusion, exclusion, and drop-out cri-
teria, 108 patients were finally included, with 52 patients in
the TPVB group and 56 patients in the control group. Anal-
gesia was generally satisfactory in patients of the TPVB
group within 48 hours after surgery, and no patients
required consultation with an anesthesiologist due to inade-
quate analgesia within 48h after surgery.

There was no statistically significant difference between
the two groups in terms of age, sex, height, body weight,
body mass index, ASA classification, and operation time
(P > 0:05, Table 1).

3.2. NRS Scores at 24 h and 48 h after Surgery and the
Number of Times Pressing PCA at 24 h after Surgery in
Each Group. At 24 h and 48 h after surgery, NRS scores at
rest and during movement were significantly lower in the
TPVB group compared with the control group (P = 0:0108,
P = 0:0000, P = 0:0000, and P = 0:0002, Table 2). At 24 h
after surgery, the number of times pressing PCA was also
significantly reduced in the TPVB group compared with
the control group (P = 0:0000, Table 2).

3.3. The Number of Patients with LANSS of ≥12 Points at 1
Year after Surgery. The incidence of neuropathic pain
(LANSS ≥ 12) in the TPVB group at 1 year after surgery
was significantly lower than that in the control group
(P = 0:0000, Table 3).

3.4. The Number of Patients with HADS-A/HADS-D Score of
≥11 at 1 Year Postoperatively between the Two Groups. The
incidence of anxiety and depression (HADS-A/HADS −D
score ≥ 11) was significantly lower in the TPVB than in the con-
trol group at 1 year after surgery (P = 0:0000, Tables 4 and 5).

4. Discussion

In this randomized, double-blind, controlled study, we com-
pared patients’ baseline characteristics and found that there
was no statistically significant difference between the two
groups in terms of age, sex, height, body weight, body mass
index, ASA classification, and operation time (P > 0:05). It
has been reported that TPVB can effectively relieve postop-
erative pain in patients undergoing thoracoscopic radical
lung cancer surgery, which provides good analgesia [10].
Consistent with previous study, we compared the NRS pain
scores at 24 h and 48 h after surgery and the number of times
pressing PCA at 24 h after surgery between the two groups.
The results showed that at 24 h and 48 h after surgery, NRS

scores at rest and during movement were significantly lower
in the TPVB group compared with the control group
(P = 0:0108, P = 0:0000, P = 0:0000, and P = 0:0002). At
24 h after surgery, the number of times pressing PCA was
also significantly reduced in the TPVB group compared with
the control group (P = 0:0000).

During one-year postoperative follow-up by outpatient
visits or phone visits, we also used the LANSS scale and the
HADS to assess the occurrence of neuropathic pain, anxiety,
and depression, respectively, in patients of the two groups.
The LANSS scale is the most commonly used reliable scale
for diagnosing the degree of neuropathic pain in different dis-
eases, the specificity reached a high of 93%, and sensitivity
reached a high of 83% [11]. In our study, we found that the
incidence of neuropathic pain (LANSS ≥ 12) in the TPVB
group at 1 year after surgery was significantly lower than that
in the control group. Moreover, the HADS was originally
developed by Zigmond and Snaith in 1983, which is the most
used screening tool for assessing anxiety and depression
among general hospital patients. The HADS consists of two
subscales: HADS-A and HADS-D. According to the devel-
opers of HADS, a score of 0-7 is considered normal, 8–10 indi-
cates possible, and 11–21 indicates definite. A previous study
documented that using a cut-off of 9 for anxiety or depression
can yield better sensitivity and specificity [12]. To screen out
patients who need further treatment, a cut-off score of 11
was used in this study; patients with HADS-A/HADS-D score
above 11 were recommended to undergo further specialist
examination and treatment. Of note, the results showed that
the incidence of anxiety and depression (HADS-A/HADS −
D score ≥ 11) at 1 year after surgery in patients receiving
TPVB was significantly lower compared with that in the
control group (P = 0:0000).

Numerous studies have shown that TPVB can reduce
postoperative pain in patients undergoing thoracoscopic
radical resection of lung cancer, and the underlying mecha-
nism has also been widely discussed. More studies choose to
perform TPVB before induction of general anesthesia in
patients, which can not only ensure safety during surgery
and avoid serious complications but also allow determina-
tion of blocking range and exclude cases with poorer out-
comes, making the conclusions more accurate [6]. In order
to meet the requirements of randomized, double-blind con-
trolled design, we chose to perform ultrasound-guided
TPVB after induction of general anesthesia in patients; this
can not only ensure the safety of the operation but also avoid
the influence of knowledge about treatment assignments
from subjects and/or surgeons on outcomes during follow-
up. TPVB is performed by injecting local anesthetic adjacent
to the thoracic vertebra close to where the spinal nerves
emerge from the intervertebral foramina. This allows for
continuous nerve blockage in multiple contiguous thoracic
dermatomes above and below the injection site. And it is
possible to visualize whether the drugs are injected into
the target area by ultrasound, thus effectively reducing
the occurrence of adverse events, such as accidental intra-
vascular injection. The use of ultrasound can obviously
improve block success rates when compared to the blind
techniques [13].
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The possible mechanisms underlying neuropathic pain
include the follows: damaged nerve fibers caused by demyelin-
ation generate spontaneous and continuous ectopic dis-
charges, resulting in peripheral sensitization; abnormal
neural electrical activity continues to be transmitted to the
central nervous system, leading to central sensitization [14].
Local persistent inflammation caused by surgical trauma can

also lead to increased excitability of nerve endings, thus aggra-
vating peripheral and central sensitization. TPVB with local
anesthetic drugs blocks the continuous ectopic discharge gen-
erated by damaged nerve fibers, thereby reducing the occur-
rence of central and peripheral sensitization. To a certain
extent, TPVB plays a role in preventing or delaying the occur-
rence of pathological pain [15]. A previous study has shown

Table 1: Comparison of baseline characteristics of patients between the two groups.

TPVB group (n = 52) Control group (n = 56) T/χ2 P value

Age (year) 57:1 ± 11:8 59:8 ± 11:0 1.2307 0.2212

Sex (male/female) 29/23 31/25 0.0019 0.9652

Height (cm) 165:2 ± 7:2 164:5 ± 8:0 0.4767 0.6346

Body weight (kg) 62:9 ± 8:9 61:7 ± 10:4 0.6419 0.5223

Body mass index (kg/m2) 22:9 ± 2:4 22:7 ± 2:9 0.3888 0.6982

ASA I/II 15/37 16/40 0.0010 0.9748

Operative time (min) 146:5 ± 24:2 141:0 ± 22:3 1.2292 0.2217

TPVB: thoracic paravertebral block; ASA: American Society of Anesthesiologists.

Table 2: Comparison of NRS pain score and the number of times the button on the PCA was pressed at different time points after surgery
between two groups.

TPVB group (n = 52) Control group (n = 56) t value P value

NRS pain score at rest at 24 h after surgery 2:6 ± 1:0 3:1 ± 1:0 2.5963 0.0108

NRS pain score at rest at 48 h after surgery 3:1 ± 1:0 4:0 ± 1:0 4.6733 0.0000

NRS pain score during movement at 24 h after surgery 1:5 ± 0:7 2:0 ± 0:3 4.8852 0.0000

NRS pain score during movement at 48 h after surgery 2:0 ± 1:0 2:7 ± 0:9 3.8284 0.0002

The number of times pressing PCA at 24 h after surgery 3:2 ± 1:4 6:2 ± 2:3 8.1118 0.0000

TPVB: thoracic paravertebral block; PCA: patient-controlled analgesia; NRS: numeric rating scale.

Table 3: Comparison of the incidence of postoperative chronic pain at 1 year after surgery between the two groups.

Groups TPVB group Control group Total χ2 P value

LANSS ≥ 12 9 (17.3%) 33 (58.9%) 42 (38.9%)
19.6537 0.0000LANSS < 12 43 (82.7%) 23 (41.1%) 66 (61.1%)

Total 52 566 108

TPVB: thoracic paravertebral block; LANSS: Leeds Assessment of Neuropathic Symptoms and Signs.

Table 4: Comparison of the incidence of anxiety in the two groups after surgery.

Anxiety TPVB group Control group Total χ2 P value

HADS −A score ≥ 11 2 (3.8%) 22 (39.3%) 24 (22.2%) 19.5930 0.0000

HADS −A score < 11 50 (96.2%) 34 (60.7%) 84 (77.8%)

Total 52 56 108

Table 5: Comparison of the incidence of depression in the two groups after surgery.

Depression TPVB group Control group Total χ2 P value

HADS −D score ≥ 11 0 (0%) 23 (41.1%) 23 (21.3%) 27.1361 0.0000

HADS −D score < 11 52 (100%) 33 (58.9%) 85 (78.7%)

Total 52 56 108
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that injection of local anesthetics into the thoracic paraverteb-
ral space can lead to sensory blockade of 9-10 spinal nerve der-
matomes, which produces analgesic effects similar to thoracic
epidural nerve block [16], but TPVB is more simple and safe
than thoracic epidural nerve block, so it has obvious advan-
tages over intercostal nerve block and thoracic epidural nerve
block in clinical application. In the present study, postopera-
tive chronic pain was objectively evaluated by using the Chi-
nese version of the LANSS scale; the results further
confirmed the role of TPVB in reducing the incidence of post-
operative chronic pain.

Chronic pain can affect patients not only physically but
also mentally. In this study, the HADS was used to assess the
occurrence of anxiety and depression in patients at 1 year after
surgery. The results showed that the incidence of anxiety or
depression was significantly higher in patients who did not
receive TPVB compared with those who received TPVB.
However, considering that many factors may contribute to
the occurrence of anxiety and depression, evidence is inade-
quate to support the causal relationship between the incidence
of anxiety, depression, and the incidence of neuropathic pain,
as well as the use of TPVB during surgery; further investiga-
tions are needed to confirm this finding.

The study still has some limitations. First, the mechanisms
of chronic postoperative pain and pathological pain are com-
plex, which can be influenced by many factors [17]. TPVB
cannot eliminate the occurrence of postoperative chronic pain
completely. In addition, pain assessment for each patient was
only performed at 48 hours and one year after surgery, the
development and occurrence of chronic pain in patients dur-
ing this period were not recorded, patients may often still need
to receive further pain treatment during the follow-up period,
and thismay cause the incidence of postoperative chronic pain
observed in this study to be higher than the actual situation.
Second, this is a single-center study with a relatively small
number of patients; although there was no significant differ-
ence in the general condition of the two groups, there may still
be some bias. Third, many subjective scales were used in this
study, and these scales are subjective; more objective indica-
tors, such as assessment of mechanical pain thresholds in the
skin using von Frey filaments, and diagnosis of anxiety and
depression, involving the use of objective, quantifiable criteria,
might provide more convincing evidence. Furthermore, in the
present study, we only described the possible mechanism of
TPVB to improve postoperative chronic pain and did not
explore the specific mechanism of TPVB to improve postoper-
ative anxiety and depression, which deserves further study.

5. Conclusions

Our findings showed that general anesthesia combined with
TPVB could significantly reduce postoperative pain in
patients undergoing thoracoscopic radical lung cancer sur-
gery. Our findings also showed that TPVB could signifi-
cantly reduce the incidence of neuropathic pain, as well as
the incidence of anxiety and depression symptoms at 1 year
after surgery. Our findings had implications for improving
clinical application of TPVB and enhancing postoperative
pain management.
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Chronic atrophic gastritis (CAG) is a common chronically digestive disease which is notoriously characterized by atrophy of the
epithelium and glands of the gastric mucosa, reduced number, thinning of the gastric mucosa, thickening of the mucosal base, or
pyloric glandular hyperplasia and intestinal glandular hyperplasia, or with atypical hyperplasia. Banxia Xiexin decoction (BXD)
has been applied for two thousand years and is considered an effective therapy for functional dyspepsia, gastroesophageal
reflux disease and colon cancer. In this current study, to probe into the underlying mechanism of BXD on CAG, network
pharmacology was conducted to collect druggable ingredients and predicted targets of BXD and the CAG-associated targets
were harvested to take intersection with druggable ingredients from BXD predicted targets to obtain potential critical action
targets. Subsequently, GO enrichment analysis and Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis
were conducted to elucidate the underlying mechanisms and roles from the perspective of overall pathways and cellular
functions. Eventually, molecular docking integrated with molecular dynamics simulations was conducted to further investigate
the mechanism of action of BXD active ingredients on CAG from drug molecule-target interactions and to provide a
theoretical basis for BXD drug development.

1. Introduction

Chronic atrophic gastritis (CAG) is a common chronically
digestive disease which is notoriously characterized by atro-
phy of the epithelium and glands of the gastric mucosa,
reduced number, thinning of the gastric mucosa, thickening
of the mucosal base, or pyloric glandular hyperplasia and
intestinal glandular hyperplasia, or with atypical hyperplasia
[1, 2]. The representative clinical manifestation involved
vague pain in the upper abdomen, fullness, belching, loss
of appetite, wasting, anaemia, etc. [3]. It is a nonspecific
and multicausal disease or precancerous lesion. Clinical
and epidemiological evidence has suggested the repeated

inflammation of gastric mucosa, Helicobacter pylori’s infec-
tion, and gastric mucosal lesion induced by alcohol or an
unhealthy diet are the dominating pathological factors of
CAG [4, 5]. However, compared with the imperious com-
mand for the effective therapeutic approaches currently,
there is still a lack of effective clinical therapy for CAG.

Traditional Chinese medicine (TCM) has been preva-
lently acknowledged as the treasure trove of natural com-
pounds with pronounced clinical efficacy [6]. As reported
before, many TCMs can improve CAG, such as berberine
[7] and Jianpiyiqi formula [8]. Banxia Xiexin decoction
(BXD), as a classic prescription Treatise on Febrile Diseases
(Shanghan Lun), has been applied for two thousand years
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and is considered an effective therapy for functional dyspep-
sia, gastroesophageal reflux disease, and colon cancer [9–11].
Moreover, BXD has been documented to affect drug sensi-
tivity in gastric cancer cells [12]. The classic TCM prescrip-
tion BXD is composed of seven medicinal herbs, including
Pinelliae Rhizoma (Ban Xia), Coptidis Rhizoma (Huang
Lian), Scutellariae Radix (Huang Qin), Zingiberis Rhizoma
(Gan Jiang), Ginseng Radix (Ren Shen), Jujubae Fructus
(Da Zao), and Glycyrrhizae Radix (Gan Cao). Drawing on
previous studies, BXD has yielded various anti-
inflammatory and antioxidative pharmacological effects,
and the therapeutic effects on CAG and Ulcerative colitis
(UC) are confirmed evidence [11, 13]. Pharmacological
research demonstrated that the master ingredient of BXD
which encompasses alkaloids and flavonoids could exert
therapeutic effects on CAG by regulating inflammatory
response and protecting from H. pylori infection and inter-
fering with H. pylori growth and virulence [14]. Neverthe-
less, the detailed mechanism of BXD on CAG remains
unveiled.

Network pharmacology is an emerging method to shed
light on the process of disease development from the per-
spective of scientific biology and the equilibrium of biologi-
cal network, to understand drug-organism interactions from
a holistic viewpoint of promoting or restoring the equilib-
rium of biological network, and to guide the discovery of
new drugs, which coincides with the theory of Traditional
Chinese Medicine and is widely utilized for the exploration
of mechanisms of Traditional Chinese Medicine [15, 16].
Currently, with the prevalence and development of compu-
tational chemistry methods and the proposed theoretical
basis of the computer-aided drug designing (CADD)
receptor-ligand interaction hypothesis and molecular simu-
lations, structural biology combined with kinetic simulation
methods promotes the processes of drug discovery and elu-
cidation of target interactions [17].

In our current study, network pharmacology was ini-
tially conducted to screen out potential druggable ingredi-
ents of BXD and probe into the underlying biological
mechanism by which BXD on the treatment of CAG from
a systemic perspective and at the molecular level. Subse-
quently, the herb-biological function network of BXD was
established to illustrate the regulatory effect of BXD for the
treatment of CAG. Key targets were selected to perform
the molecular docking procedure for predicting binding
energy and screening potential therapeutic ingredients.
Eventually, the target-compound complexes were conducted
molecular dynamics simulation and performed binding free
energy calculations via Gromacs 2020 software and
MMPBSA procedure.

2. Materials and Methods

2.1. Network Pharmacology Analysis

2.1.1. Identification of the Active Compounds of BXD and
Compound Data Collection. Bioinformatics was conducted
to identify and comprehensively collect underlying thera-
peutic druggable compounds of BXD. The whole procedure

was described as follows. Initially, the online database Tradi-
tional Chinese Medicine Systems Pharmacology Analysis
Database and Analysis Platform (http://tcmspw.com/tcmsp
.php) was conducted to screen potential active compounds
from BXD by, respectively, importing Pinelliae Rhizoma
(Ban Xia), Coptidis Rhizoma (Huang Lian), Scutellariae
Radix (Huang Qin), Zingiberis Rhizoma (Gan Jiang), Gin-
seng Radix (Ren Shen), Jujubae Fructus (Da Zao), and Gly-
cyrrhizae Radix (Gan Cao) as keywords [18]. Additionally,
a literature search in PubMed Central of the NCBI database
(https://www.ncbi.nlm.nih.gov/) was conducted as supple-
mentary compounds of BXD. Eventually, all obtained com-
pounds with the predicted drug properties were uploaded
on ProTox-II (https://tox-new.charite.de/protox_II/index
.php?site=home) which is an online database for predicting
the toxicity of compounds [19]. Active compounds with
low toxic doses and filtered with the criterion of oral bio-
availability (OB ≥ 30%) and drug-likeness (DL ≥ 0:18) and
the mol2 format files of selected active compounds were
downloaded for further target prediction. Subsequently,
macromolecular targets of active ingredients were predicted
via SwissTargetPrediction (http://www.swisstargetprediction
.ch/index.php) and PharmMapper Server (http://www.lilab-
ecust.cn/pharmmapper/) which were prevalently utilized
for potential target identification [20, 21]. Eventually, all pre-
diction targets corresponding to components obtained from
the above database search were imported into Venny 2.1
(https://bioinfogp.cnb.csic.es/tools/venny/index.html) to
combine duplicate item.

2.2. CAG-Associated Target Collection. To comprehensively
collect CAG-associated targets, six resources of disease
online databases including CTD (http://ctdbase.org/),
OMIM (http://omim.org/) DisGeNET (http://www.disgenet
.org/), NCBI Gene (https://www.ncbi.nlm.nih.gov), and
GENECARD (https://www.genecards.org/) were utilized by
importing the keyword of chronic atrophic gastritis
[22–24]. Considering that CAG is a type of chronic gastritis
which exerts similar aetiology and pathology, we supple-
mented chronic gastritis-related targets and the overall
aggregated targets were imported into Excel software for
merging and removing repeated targets. The predicted
potential targets for drugs of BXD and CAG-associated tar-
gets were derived from the intersection as potential targets of
BXD on CAG.

2.3. Enrichment Analysis and Network Construction. Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analyses were con-
ducted on the Metascape database (http://metascape.org)
by importing key targets which refer to the intersection of
CAG-related targets and BXD predicted targets [25]. GO-
(Gene Ontology-) related biological processes (BP), cellular
components (CC), molecular functions (MF) and KEGG
pathways, GO enrichment, and KEGG pathway enrichment
analyses were conducted to probe into the underlying mech-
anism of BXD in CAG at holistic systematic perspective,
offering molecular mechanism demonstration for BXD
treatment of CAG. To visualize the analysis results, RStudio
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was utilized for presenting enrichment analysis results.
Eventually, the network that encompasses the association
between active ingredients and corresponded targets was
constructed via Cytoscape 3.7.1 software (http://www
.cytoscape.org/) [26].

2.4. Construction of the Protein-Protein Interaction (PPI)
Network. To explore the protein and protein interactions
among the key targets and illustrate the underlying mecha-
nism, the PPI network was performed and visualized utiliz-
ing the Cytoscape software and Metascape online serve,
which contains six PPI online serve sourceSTRING
(https://string-db.org/) and Metascape online database
servers were performed to obtain the associated analysis
results of predicted protein interactions [27].

The method of central network evaluation is prevalently
acknowledged as the most common and master measure for
screening core proteins in PPI networks. Initially, the PPI
networks of BXD targets and CAG-associated targets were
integrated into an intersection as key targets. Subsequently,
the Cytoscape plugin, STRING, and Metascape were con-
ducted for assessing the intersection.

2.5. Validation of the Binding Capacity Between Active
Ingredients and Key Targets by Molecular Docking. Com-
puter-aided drug design, development, and target prediction
have recently emerged as an important method for under-
standing biological regulatory mechanisms, which provides
a theoretical basis for the design and discovery of new drug
targets. AutoDock 1.5.6 (http://autodock.scripps.edu/) and
instadock (https://hassanlab.org/instadock) are gratuitous
and brilliant software for drug discovery with excellent
docking accuracy and speed that combines predictive
physics-based methods with machine learning techniques
to accelerate drug discover [27–29]. The structures of active
ingredients obtained from PubChem (https://pubchem.ncbi
.nlm.nih.gov/) were prepared and optimized using ChemOf-
fice and OpenBabel software for structure optimization, for-
mat conversion, charge correction, and energy minimization
[30]. The PDB files of enzymes from tryptophan metabolism
with the best structural resolution coupled with endogenous
ligands were downloaded from the RCSB Protein Data Bank
(https://www.rcsb.org/) and were predicted using the Alpha-
Fold database, which is a state-of-the-art AI system devel-
oped by DeepMind that computationally predicts protein
structures with unprecedented accuracy and speed (https://
alphafold.ebi.ac.uk/) [31]. The flies with PDB formats of
key targets were subsequently optimized by Discovery Stu-
dio 4.5 to perform hydrogenation and structural modifica-
tion procedure. The parameters for the grid box and
docking pocket were collected from the published report,
and PyMOL 2.2.0 was used to obtain boxes from the
selection plugin to obtain grid box parameters. After set-
ting the grid parameters for the protein binding pocket,
a genetic algorithm was implemented, and docking run
options were set to the default parameters; eventually,
the dpf file was exported. The docking results were visual-
ized utilizing Discovery Studio Visualizer 4.5 for docking
pattern visualization.

2.6. Molecular Dynamics (MD) Simulation. In the validation
of the Binding Capacity Between Active Ingredients and Key
Targets by Molecular Docking Simulation parameters, dur-
ing the protein-ligand complex simulation, all proteins were
utilized amber99sb-ildn force field to process protein, and
small molecules were processed with acpype (http://
bio2byte.be/acpype) to generate gro and itp files [32].

After the docking procedure for obtaining optimal con-
formation, the molecular dynamics (MD) simulations were
conducted utilizing GROMACS 2020.6 software; TIP3P
was selected as the force field of water molecules. The simu-
lation box was set at 1.0 nm to ensure the distance between
the atoms of the protein-ligand complex, and the edge of
the box is appropriate for periodicity conditions. Fill the
entire box with water using the solvate command, and add
SOL items to the molecules section of the top file after run-
ning and add ions, default add NA and CL; -neutral com-
mand was performed to balance the simulation system to
neutral. Then, the steepest descent method was performed
to simulate and optimize the system for energy reduction;
subsequently, the energy minimization and duration 10ns
constraint dynamics was conducted. Eventually, the index
file was created, and md simulation was performed for
200 ns. All MD simulations were performed under an iso-
thermal and isostatic ensemble with a temperature of
298.15K and a pressure of 1 atmosphere. The temperature
and pressure were controlled by the V-rescale and
Parrinello-Rahman methods, respectively, and the tempera-
ture and pressure coupling constants were 0.1 and 0.5 ps,
respectively. Except for the protein prodrug ligand simula-
tion time of 50 ns, the MD simulation time of the other three
systems was 200ns.

It can be applied to each compound.

2.7. Binding Free Energy Calculations using the Born Surface
Area (MM/GBSA) Method. Eventually, the MMPBSA pro-
cess in GROMACS was utilized to calculate the binding
energy, and the following equation was utilized: ΔGbind =
Gcomplex −Gfree‐protein −Gfree‐ligand.

MM is van der Waals and electrostatic energy
(ΔGvdw + ΔGele); PB is polar solvation (ΔGpolar); SA is
nonpolar solvation (ΔGnonpolar).

In the MM/GBSA calculations, the protein-ligand bind-
ing free energy is calculated based on MD simulation trajec-
tories and compared with experimental binding data to build
and validate the new model. The free energy changes during
ligand-protein binding to form complexes are described by
the original MM/GBSA according to the equations as the
sum of different interactions. The basic principle is to calcu-
late the difference between the bound and unbound free
energies of two solventized molecules or to compare the free
energies of different solventized conformations of the same
molecule.

3. Results

3.1. Target Prediction and Functional Analysis of the
Regulatory Effects of BXD on CAG. To collect and screen
potentially druggable compounds from BXD, TCMSP online
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databases (https://tcmspw.com/index.php) were utilized for
online searching. Based on the four predicted parameters
of drugs including oral bioavailability (OB), drug-likeness
(DL), toxicity prediction, and Caco-2 parameters obtained
through ADME, ninety-two ingredients were selected as
potential druggable active compounds of BXD, and the
detailed information and structures were presented at ().
Subsequently, the Venn diagram of ingredients was con-
ducted. We found that there are a total of 182 potential
active druggable ingredients in BXD, 15 ingredients in Ban-
xia, 22 ingredients in Renshen, 5 ingredients in Shengjiang,
92 ingredients in Gancao, 14 ingredients in Huanglian and
36 ingredients in Huangqin which were identified out. The
composition and content ratio of druggable potential in
BXD were confirmed by a previous study which performed
an LC-MS analysis to identify the principal characteristic
peaks associated with a BXD fingerprint. Saponins, flavo-
noids and alkaloids were identified as the master abundant
compounds that mainly exist in Renshen, Gamcao, Huang-
qin, and Huanglian, which is consistent with our results
(Figures 1(a) and 1(b)) [33, 34].

3.2. Network Construction and Enrichment Analysis of Key
Targets. After collecting the CAG-associated targets from
six sources, the disease targets were taken at the intersection
with BXD predicted targets to obtain key targets of BXD on
CAG. There are a total of 134 key targets screened out, and
the detailed target information is presented in Figure 2(a).

To explore the potential mechanism of clinical therapeu-
tic effects of BXD on CAG, GO-related biological processes,
cellular components, molecular functions, and KEGG path-
ways enriched analysis were performed on Metascape online
serve by importing 134 key targets and, respectively, submit-
ting enrichment analysis. To obtain better visualization of
enrichment analysis, Rstudio was utilized to present Go
and KEGG enrichment results (Shown in Figures 2(b)–
2(d)). The enrichment analysis results indicated that the
key targets were mainly enriched into 10 biological processes
including cellular response to chemical stress, response to
oxidative stress, and cellular response to oxidative stress bio-
logical process. The molecular function was mainly involved
in protein serine/threonine kinase activity, phosphatase
binding, and endopeptidase activity. The cellular component
results suggested that these 134 key targets were dominating
existing in membrane raft, membrane microdomain and
membrane region. Moreover, the KEGG pathways
(Figure 3) were enriched into TNF signaling pathway, cellu-
lar apoptosis, PI3K-Akt signaling pathway, C-type lectin
receptor signaling pathway, and NF-kappa B signaling path-
way, which were involved in Gastric mucosa inflammatory
response, cellular apoptosis, and integrity of gastric mucosa
cells, exerting a crucial role in CAG disease.

3.3. Analyses of the Key Target-Based Specific Protein
Interaction Network. To explore the protein interaction of
134 key targets that BXD involved in the treatment of
CAG, the gene list of targets was imported on Metascape
and String online serve (Figure 4(a)). The protein and pro-
tein interaction (PPI) result demonstrated that the key tar-

gets were clustered as Figure 4(b) and the master protein
clusters were involved in pathways in cancer, gastrin signal-
ing pathway, and MAPK signaling pathway. These pieces of
evidence revealed that BXD may exert a therapeutic role on
CAG by regulating the protein interactions of the gastrin sig-
naling pathway and MAPK signaling pathway.

3.4. Molecular Docking of Ingredients and Targets. To probe
into the potential mechanism of BXD on CAG, the small
molecules that filtered with the properties of drug properties
were screened out for performing molecular docking proce-
dures with key targets in CAG. All the pdb formats of targets
were collected from RCSB Protein Data Bank (https://www
.rcsb.org/), and the parameters of binding pocket of targets
were obtained from the PyMOL 2.2.0 software. Eventually,
the molecular docking procedure was performed by utilizing
Vina software. The hot map (Figure 5) demonstrated that
three targets encompassing NR3C1, NOS2, and IL-2 dis-
played impressive binding energy with the compounds from
BXD, and it is worth noting that these compounds who rep-
resent considerable binding energy with the inflammatory
targets were majorly originated from Huanglian, Huangqin,
and Gancao, which was consistent with previous studies.
Subsequently, we selected three target-ligand complexes to
visualize the binding pattern, and the results were present.
The visualization of three target-compound complexes was
presented and analyzed by the Discovery studio 4.0 visual-
izer, and the binding pattern of NR3C1-coptisine indicated
that there are three binding interactions encompassing van
der vaals, Pi-Alkyl, and Pi-Pi T-shaped, which constituted
the hydrophobic pocket contributing to the relatively low
binding energy. In the dissection of the binding pattern of
NOS2-palmidin A, three hydrogen bonds were observed
interacting with TRP372, MET374, and SER242. These
amino acid residues of NOS2 constitute a hydrophilic pocket
that strongly interacts with the hydroxyl group of palmidin
A. In the dissection of the binding pattern predicted in Dis-
covery Studio presented in the 3D and 2D graphs, 2 hydro-
gen bonds between IL-2 and licocoumarone were observed.
In the complex of IL-2 and licocoumarone, CYS31 (2.95Å)
and GLN74 (3.27Å) interact with the hydroxide radical
group of licocoumarone, forming 2 hydrogen bonds; more-
over, PHE78 and LEU70 constitute the hydrophobic pocket
that is beneficial to the stabilization of the complex
(Figures 6(a)–6(f)). Based on the results described above,
the conclusion could be drawn that coptisine, palmidin A,
and licocoumarone could constitute stable complexes with
NR3C1, NOS2, and IL-2 with low binding free energy and
good binding pattern, which subsequently explored and
unveiled the potential compound-target pharmacological
interaction.

3.5. Molecular Dynamics Simulations and Analysis of
Molecular Dynamics Trajectories. Subsequently, Gromacs-
2019.5 was used to perform protein-ligand complex
molecular dynamics simulation (MDS), which is beneficial
for evaluating the stability of the ligand and protein com-
plex. Based on the docking scores between 152 druggable
compounds from BXD and selected key targets coupled
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biological processes, cellular components, and molecular functions enrichment analysis of key targets.
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with the visualization of binding pattern, three complexes
including NR3C1-coptisine, NOS2-palmidin A, and IL-2-
licocoumarone were selected, and their conformational
behaviour was analyzed via molecular dynamics simula-
tions and MMPBSA calculations (displayed in
Figures 7(a)–7(i)). During the 100ns molecular dynamics
simulation, coptisine, palmidin A, and licocoumarone
exhibited a wide range of interactions with various resi-

dues at the binding site, suggesting that three ligands form
a stable complex with NR3C1, NOS2, and IL-2. Addition-
ally, the root-mean-square deviation (RMSD) of the pro-
tein backbone and coptisine, palmidin A, and
licocoumarone was of low magnitude, ranging in fluctua-
tion, which is another strong indication of conformational
stability that the protein had achieved with the ligand
molecules. After analyzing hydrogen bond formation in
the 100 ns of MDS, coptisine, palmidin A, and licocoumar-
one form 1, 2, and 2 hydrogen bonds with NR3C1, NOS2,
and IL-2, respectively, as indicated by the docking pattern.
Subsequently, we utilized molecular mechanics Poisson
Boltzmann surface area calculations (MMPBSA) to obtain
the van der Waals energy, electrostatic energy, polar solva-
tion energy and SASA energy of coptisine, palmidin A,
and licocoumarone complexed with NR3C1, NOS2, and
IL-2, where positive values are unfavorable for interaction
and negative values are favorable. In the MMPBSA calcu-
lations, the total binding free energy of -63.180, -52.778,
and -43.012 kcal/mol, suggesting the strong interactions
between protein ligands and high stability of the com-
plexes formed.

3.6. Free Energy of Binding and Interacting Residue Results in
Molecular Dynamics Simulation. Binding free energy is of
great importance in the drug discovery process which could
provide more accurate and detailed energy information [35].
A host of methods for calculating the binding free energy
has been put forward in the last decades, for example, Ther-
modynamics Integration (TI), Free Energy Perturbation
(FEP, MM/PB(GB)SA), and Linear Interaction Energy
(LIE). The method of MM/PB(GB)SA is widely acknowl-
edged as the most common and prevalent approach for cal-
culating receptor-ligand binding free energy by researchers
[36]. The main principle of program calculation of molecu-
lar Mechanics/Poisson Boltzmann (Generalized Born) Sur-
face Area is to split the binding free energy into a
molecular mechanics term and solvation energy. The

(a)

HCRTR2

CASR
HCRTR1

CHRN3
CCKBR

PRKAA1

GSK3B
HDAC6

XTAPAURKA

IKBKB
PGR

PARP1 BCL2

HSPA1 CASP3

KAT2B

PIK3CA

10H2

PPARG

TNF
MAP2K1

CTSB

CTSL
CTSK

MMP12

MMP3 APEX1MP7

CTNKB1 HDAC2

(b)

Figure 4: Graph of protein-protein interactions. (a) General view of the interactions of proteins and clustered proteins. (b) Five protein
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collagen catabolic process. These circles represent the target protein, and the line represents the interaction of the target protein.
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underlying mechanism is to evaluate the discrepancy
between the binding free energy of two solventized mole-
cules in bound and unbound states, as well as to calculate
the free energy of the same molecule in different solvated
confirmations. After conducting the molecular dynamics
simulation procedure, the md trajectories were utilized for
the free energy of binding calculation, and the results of
the contribution of amino acid residues to the ligand-
protein binding energy are shown in (Figures 8(a)–8(c)).

4. Discussion

TCM has unique therapeutic efficacy in clinical practice;
many traditional Chinese prescriptions have been utilized
to treat CAG, encompassing Zuojin Pill, Moluodan, and
BXD [9, 37, 38]. Particularly, BXD has been widely utilized
for treating various treatments of gastrointestinal diseases,
including delayed diarrhea, ulcerative colitis, and ethanol-
induced chronic gastritis, and exerted prominent therapeutic
effects [11, 39]. Increasing emerging evidence has confirmed
the anti-inflammatory and antitumor effects of the natural

ingredients in BXD; additionally, the master compounds
including baicalin and berberine have been identified and
validated the treatments on CAG by various LC-MS analyses
and pharmacological research. Nevertheless, in comparison
with the precise clinical efficacy and the long history of the
application of TCM, there is a relative lack of research on
the mechanism of TCM. Accordingly, considering the mul-
ticomponent and multitarget characterization of TCM, the
method of network pharmacology has been applied to study
the potential mechanism of TCM and a series of progress
was accomplished [40, 41]. In our current study, we initially
explored the potential mechanism of BXD on CAG via the
method of network pharmacology considering the definitive
clinical efficacy of BXD.

TNF signaling pathway, PI3K-Akt signaling pathway,
and NF-kappa B signaling pathway are common inflam-
matory associated pathways that CAG is involved in, and
many traditional Chinese medicines have been reported
to modulate these inflammatory pathways. For example,
NF-kappa B and TNF signaling pathway have been
reported to be associated with the helicobacter pylori

(a) (b)

(c) (d)

(e) (f)

Figure 6: The interaction profile for three complexes. (a–c) Overall structure of NR3C1-coptisine, NOS2-palmidin A and IL-2-
licocoumarone complex, (2d) binding modes of NR3C1-coptisine, NOS2-palmidin A, and IL-2-licocoumarone were presented as (d–f).
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Figure 7: Continued.

9Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

gastrointestinal infection in CAG, and many traditional
Chinese medicines have accomplished good results in the
anti-inflammatory treatment of gastritis which encompass-
ing Gancao, Huanglian and Huangqin [42–47]. Addition-

ally, various herbal natural compounds have been
reported for their anti-inflammatory pharmacological
effects in the treatment of gastritis and have been devel-
oped as clinical agents, for example, 18β-glycyrrhetinic

0

20
00

0

40
00

0

60
00

0

80
00

0

1e
+0

05

Time (ps)

Hydrogen bonds
4

3

2

1

0

N
um

be
r

(i)

Figure 7: The RMSD results and Hbonds analysis of NOS2-palmidin A, NR3C1-coptisine, and IL-2-licocoumarone complex. (a–c) The
RMSD of NOS2, RMSD of palmidin A relative to NOS2, and change in the number of hydrogen bonds during 100 ns simulation. (b–d)
The RMSD of NR3C1, RMSD of coptisine relative to NR3C1, and change in the number of hydrogen bonds during 100 ns simulation.
(d–e) The RMSD of IL-2, RMSD of licocoumarone relative to IL2, and change in the number of hydrogen bonds during 100 ns simulation.
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acid (GRA) demonstrated in vivo pharmacological effects
in the treatment of H. pylori gastritis infection. Berberine
and baicalin also have been demonstrated in the treatment
of CAG [48–50]. Consistently, the network pharmacology
results from our study suggested that there are a total of
152 druggable ingredients in BXD and the target enrich-
ment analysis demonstrated that the major pathways
BXD involved in treating CAG were TNF signaling path-
way, cellular apoptosis, PI3K-Akt signaling pathway, C-
type lectin receptor signaling pathway, and NF-kappa B
signaling pathways. These pathways are closely associated
with the inflammatory response and the gastrointestinal
environment.

The interactions of proteins are of crucial importance in
normal biological processes. Cells receive signals from exog-
enous or endogenous sources and regulate their gene expres-
sion through their specific signaling pathways in order to
maintain their normal biological properties. Proteins play
an important role in this process, as they can internally reg-
ulate and mediate many biological activities of the cell.
Although some proteins can function as monomers, most
proteins act with chaperone molecules or form complexes
with other proteins to perform their functions [51]. Accord-
ingly, the protein interaction results also suggested the ther-
apeutic role of CAG by regulating the protein interactions of
the gastrin signaling pathway and MAPK signaling pathway.
Considering that most small-molecule drugs exert their ther-
apeutic effects mainly by acting on receptors to activate or
inhibit. Remarkably, interactions between drugs and targets
are the basis of biological effects. Many interaction modes
exert a crucial role in the identification and binding of pro-
teins and drugs [52]. However, they differ in stability and
binding due to differences in binding energy and effective
radius. In this study, three master interaction modes are
introduced as described previously. Hydrogen bonding, with
an average binding energy of 5 kJ/mol, is a weak electrostatic
attraction between an electronegative hydrogen atom and an
electronegative heteroatom and plays an important role in
drug-target interactions. With the development of structural
biology and computational chemistry, more and more natu-
ral compounds are being revealed for their pharmacological
effects and developed as small molecule drugs, which accel-
erated drug development and mechanism discovery. There-
fore, we attempted to explore the therapeutic effects of
BXD on CAG from the perspective of drug-target interac-
tions via the method of molecular docking and molecular
dynamics simulation. After the docking procedure between
152 ingredients and selected key targets, the compounds
with better results in docking with inflammatory targets
were mostly from Gancao, Huanglian, and Huangqin herbs
in BXD. Subsequently, molecular dynamics simulation was
performed to validate the activity and stability of the active
ingredient and the target protein during the binding process
and calculate the contribution of amino acid residues to the
binding free energy. The results demonstrated that palmidin
A, licocoumarone, and coptisine could form stable com-
plexes with NOS2, IL-2, and NR3C1, providing a theoretical
basis for drug development and mechanism study of BXD
for CAG.

There are some limitations in our study. First, we did
not perform the relevant assays to determine the effect of
BXD on CAG. Besides, the relation of BXD and signaling
pathways and protein complexes was not verified by
experiments. All these limitations will be perfected in the
future study.

In conclusion, our study elucidated the potential mech-
anisms of BXD underlying CAG via network pharmacol-
ogy, molecular docking, and molecular dynamics
simulations, which might provide theoretical value for
the treatment of CAG.
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Background. Peripherally inserted central catheter (PICC), as one of the important intravenous routes for the rescue and treatment
of critically ill patients, has been widely used in the fluid resuscitation of critically ill patients in intensive care. In particular, PICC
can be widely used in the treatment of cancer patients. With the wide application of peripheral central venous catheterization, the
clinical findings of bloodstream infection complications caused by PICC have gradually attracted the attention of doctors and
patients. Aims. To investigate the effect of specialized placement and PICC placement care on patients with lung cancer who
underwent PICC puncture. Patients were selected and divided into a comparison group and an observation group of 40
patients each according to the randomized residual grouping method. In the comparison group, routine PICC placement and
catheter maintenance were performed, while the observation group was provided with specialized placement and PICC
placement care. The differences in immune and tumor marker levels and nursing compliance between the two groups were
observed and compared before and after nursing care. Results. There was no significant difference in the comparison of tumor
marker levels between the two groups of patients before care, while the levels of CYFRA21-1, CA125, and VGEF in the
observation group were significantly lower than those in the comparison group after care, and this difference was statistically
significant (P < 0:05). There was no statistically significant difference in the comparison of immune levels between the two
groups before care (P > 0:05), while the comparison of CD4+, CD3+, and CD4+/CD8+ after care was significantly different
and higher in the observation group than in the comparison group, and the comparison was statistically significant (P < 0:05).
The compliance rate of 93.8% in the observation group was significantly higher than that of 77.9% in the comparison group,
and this difference was statistically significant for comparison (P < 0:05). Conclusion. PICC placement care is more effective in
patients with lung cancer and performing PICC puncture, significantly improves patients’ immune and tumor marker levels,
improves patients’ negative emotions, reduces disease uncertainty, and improves nursing compliance.

1. Introduction

Lung cancer is the malignancy that causes the most deaths
worldwide, and most patients are already in the middle to
late stages when they are diagnosed, making chemotherapy

one of the main clinical treatment methods [1]. Transcathe-
ter PICC provides a painless, safe, and sustainable intrave-
nous chemotherapy access for clinical chemotherapy, but
the catheter retention period is prone to complications due
to factors such as nursing staff’s operating technique and
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individual patient’s immune status [2]. Central venous
catheter-associated bloodstream infection is one of the seri-
ous complications after PICC placement, and according to
relevant data, the morbidity and mortality rate of patients
with BIS is about 20% [3]. It is of positive significance to
explore an ideal care plan to reduce the risk of BIS and
improve the clinical chemotherapy outcome.

2. Material and Methods

2.1. Patient Eligibility Criteria. Eighty patients with lung
cancer who underwent PICC puncture were selected as the
subjects of the retrospective study and were divided into 40
cases each in the comparison group and the observation
group according to the random remainder grouping
method, and both groups were placed with single-lumen
4F or 5F catheters from BD, USA, under aseptic conditions:
chills, except fever due to infection at other sites, positive
culture of pathogenic bacteria in catheter blood, and signifi-
cant decrease or return to normal temperature after pertur-
bation; catheter blood and peripheral blood both cultured
the same kind of bacteria or fungi. Patients with lung cancer
chemotherapy all meet the indications for PICC tubes [4]: (i)
lack of peripheral venous access, (ii) infusion of irritating
drugs such as chemotherapy, and (iii) need for prolonged
intravenous therapy. The drug flow rate is not affected by
the patient’s body position; the exterminate of chemothera-
peutic drugs is effectively avoided; it can be retained for a
long time, up to 1 year. It is not only beneficial to the treat-
ment of patients but also more convenient for nursing work.

2.2. Exclusion Criteria. Inclusion criteria are as follows: (i) all
patients in this study met the diagnostic criteria for lung
cancer in the Chinese Medical Association Clinical Guide-
lines for Lung Cancer (2018 edition) [5] and were diagnosed
with lung cancer by X-ray, magnetic resonance imaging,
pathological examination, and clinical confirmation; (ii)
Eastern Cooperative Oncology Group (ECOG) score [6]: 0-
2, acquired drug resistance after care and expected survival
time ≥3 months; and (iii) indications for PICC placement
chemotherapy were met, clinical symptoms such as cough
and blood in sputum were present, medical records were
complete, and no previous chemotherapy or other related
treatment had been received.

Exclusion criteria are as follows: (i) patients with severe
infections, severe cognitive impairment, or previous history
of psychiatric disease prior to inclusion; (ii) patients with
combined speech and communication impairment, poor
compliance, patients who did not agree to peripheral central
venous line placement, or patients who were deemed unsuit-
able for inclusion for other reasons; and (iii) patients with
underlying diseases such as severe diabetes, hypertension,
or cardiac disease requiring hospitalization.

2.3. Methods. In the comparison group, routine PICC place-
ment and catheter maintenance were performed; i.e., the
peripheral central venous catheter was placed in strict accor-
dance with the peripheral central venous catheter placement
specification, and the correct position of the catheter tip

could be confirmed by taking a film after placement, and
sterile gauze should cover the puncture site after puncture,
and then, bandage and hemostat should be performed. The
patients were instructed to avoid strenuous movements of
the punctured limb within 3 d of placement, were instructed
how to properly maintain the peripheral central venous
catheter, and were instructed to wear loose and comfortable
clothing as much as possible during the placement process.

In the observation group, specialized catheter placement
and PICC placement care were implemented; i.e., the dedi-
cated PICC nurse correctly assessed the patient’s vascular con-
dition before placement and properly disinfected the patient’s
skin and operator’s hand in the puncture area: maximum ster-
ile barrier protection during placement, strict aseptic opera-
tion, gentle and steady tube delivery, and successful one-time
puncture and tube delivery as far as possible; 24h after place-
ment, she was responsible for changing the dressing at the
puncture site; after placement, the routine is as follows: cathe-
ter maintenance management, daily observation and assess-
ment of the indwelling catheter, whether there are signs of
infection such as redness, swelling, heat, and pain in the punc-
ture area, and monitoring and following up the quality of
PICC maintenance throughout the process. During the infu-
sion period, the tube is flushed with 20ml saline before and
after infusion and sealed with sodium heparin saline after
infusion; during the interinfusion deception period, the dress-
ing and heparin cap are changed once every 7d; if the dressing
is loose, wet, and rolled edge, or there is blood in the heparin
cap, the dressing and heparin cap are changed at any time.
Nurses actively observe patients daily and immediately draw
blood cultures according to the US CDC standards for moni-
toring catheter-associated bloodstream infections when
patients show signs of infection such as cold collars, elevated
body temperature (T ≥ 38°C) or decreased body temperature
(T ≤ 36°C in children), and decreased blood pressure for
unknown reasons and when it is difficult to explain the infec-
tion in other parts of the state. If a set of peripheral venous
blood is collected from a patient with a retained PICC and
another set is collected from the catheter, the time of blood
collection from both sources must be close (no more than
Min); if 2 sets of peripheral blood cultures are collected asep-
tically from a patient who needs to have a PICC removed,
the catheter is removed aseptically and the tip of the catheter
is cut off for 5 cm for semiquantitative culture.

2.4. Observation Indicators. Eichmann Retroflex flow cyt-
ometer detects CD4+, CD3+, and CD4+/CD8+. Adherence:
no nonadherent behavior was considered as complete adher-
ence: the presence of 1~2 nonadherent behaviors was con-
sidered as partial adherence; the presence of 3 or more
nonadherent behaviors was considered as nonadherence;
complete adherence and partial adherence were counted as
adherence rate.

2.5. Statistical Analysis. All statistical data in this study were
entered into excel software by the first author and the corre-
sponding author, respectively, and the statistical processing
software was SPSS25.0 for calculation. Repeated measure
analysis of variance between groups was used to measure
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(X ± S). Count data expressed as a percentage (%) were
tested by χ2. Univariate and logistic multivariate regression
analyses were used to compare the influencing factors, and
the risk factors with significant differences were screened.
Correlation test used logistic regression linear correlation
analysis. Included data that did not conform to a normal dis-
tribution were described by M(QR), using the Mann-
Whitney test. All statistical tests were two-sided probability
tests. The statistical significance was P < 0:05.

3. Results

3.1. General Information Comparison. There was no statisti-
cally significant difference between the two groups by t-test
and chi-square test when comparing the general data such
as gender, mean age, tumor diameter, and pathological type
(P > 0:05) (see Table 1).

3.2. Comparison of Tumor Marker Levels. Before care, there
was no significant difference in the comparison of tumor
marker levels between the two groups, and after care, the
levels of CYFRA21-1, CA125, and VGEF in the observation
group were significantly lower than those in the comparison
group, and this difference was statistically significant
(P < 0:05) (see Figure 1).

3.3. Comparison of Immune Levels. There was no statistically
significant difference in the comparison of immune levels
between the two groups before care (P > 0:05), while the
comparison of CD4+, CD3+, and CD4+/CD8+ after care
was significantly different and higher in the observation
group than in the comparison group, and the comparison
was statistically significant (P < 0:05) (see Figure 2).

3.4. Nursing Compliance. The compliance rate of 93.8% in
the observation group was significantly higher than that of
77.9% in the comparison group, and this difference was sta-
tistically significant for comparison (P < 0:05) (see Figure 3).

4. Discussion

PICC, as one of the important intravenous routes for the
resuscitation treatment of critically ill patients, has been
widely used for fluid resuscitation, administration of radio-
active drugs and antibiotics, parenthetical nutrition (PN),
and hemodynamic monitoring in critically ill patients [7].
PICC is widely used mainly because of its easy maintenance,
convenient operation, long retention time, and high safety

[8]. PICC is especially performed. With the widespread use
of peripheral central venous cannulae in the treatment of
cancer patients, it has been found that complications from
PICC-induced bloodstream infections are gradually gaining
the attention of physicians and patients [9]. Once a blood-
stream infection is formed, it will inevitably increase the
physical and mental burden of the patient and at the same
time reduce the initiative and motivation of the patient,
which ultimately affects the prognosis to a great extent
[10]. Relevant research data show that the mortality rate of
bloodstream infections due to PICC is about 11.6% [11]. In
order to improve clinical outcomes, the incidence of PICC
bloodstream infections must be effectively controlled, and
effective nursing measures must be taken [12]. In recent
years, PICC has provided a painless, safe, and continuous
intravenous chemotherapy access for oncology patients
[13]. Oncology patients not only rely on PICC to complete
chemotherapy but also need to rely on PICC for nutritional
support [14]. Therefore, PICC plays an important role in the
whole oncology treatment process, and whether PICC can
be left for a long time depends on the catheter care quality
emeritus, and once BSI occurs, it will affect the patient’s
prognosis and catheter retention time [15]. Doing special-
ized PICC placement care is an important measure to reduce
PICC-associated bloodstream infection and prolong catheter
retention time [16].

The levels of CYFRA21-1, CA125, and VGEF in the obser-
vation group after our study care were significantly lower than
those in the comparison group, indicating that PICC place-
ment care was more effective in patients with lung cancer
and who underwent PICC puncture and significantly
improved the level of tumor markers in patients. CYFRA21-
1 is a soluble fragment of incineration, which is widely distrib-
uted in Bellamy or squamous epithelium, and CYFRA21-1 can
be released into the blood when tumor cells are Elysee or
necrotic, which has a high diagnostic and efficacy assessment
application value for patients [17]. CA125 is a saccharine pro-
tein with low concentration in the serum of healthy individ-
uals, which is released into the blood when tumor infiltration
occurs in the organism, and its half-life is short and metabo-
lism is fast, and its detection level can be used to reflect the
recent efficacy of tumor treatment [18]. The results of our
study showed that the levels of CYFRA21-1, CA125, and
VGEF in the observation group were significantly lower than
those in the prewar and comparison groups, indicating that
specialized PICC placement care can effectively improve the
patient’s condition and indirectly inhibit tumor cell prolifera-
tion. Therefore, professional PICC placement process and

Table 1: Comparison of general information between the two groups [n, (�x ± s)].

Group Gender (male/female) Average age (years) Tumor diameter (cm)
Pathological type

Salmon
carcinoma

Carcinoma ma
Squamous
carcinoma

Comparison group (40) 28/12 36:63 ± 8:32 13:31 ± 1:67 10 22 8

Observation group (40) 29/11 36:62 ± 8:31 13:33 ± 1:25 11 23 6

χ2/t 0.061 0.007 0.074 0.065 0.051 0.346

P 0.805 0.995 0.941 0.799 0.822 0.556
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Figure 1: Comparison of tumor marker levels. All tumor marker level data in this study were entered into excel software by the first author
and the corresponding author, respectively, and the statistical processing software was SPSS25.0 for calculation, expressed as mean ±
standard deviation using independent sample t-test. It was found that the levels of CYFRA21-1, CA125, and VGEF in the observation
group were significantly lower than those in the comparison group after care, and this difference was statistically significant (P < 0:05).

CD4+

CD
4+

 (%
)

Before
nursing

After
nursing

50

45

40

35

30

Comparison group
Observation group

(a)

CD3+

CD
3+

 (%
)

Comparison group
Observation group

80

70

60

50

40

(b)

CD4+/CD8+

CD
4+

/C
D

8+
 (%

)

Comparison group
Observation group

3

2

1

0
Before

nursing
After

nursing

(c)

Figure 2: Comparison of tumor marker levels. All tumor marker level data in this study were entered into excel software by the first author and
the corresponding author, respectively, and the statistical processing software was SPSS25.0 for calculation, and the independent samples t-test
was used to express themean ± standard deviation. The differences in CD4+ (a), CD3+ (b), and CD4+/CD8+a (c) in the observation group after
nursing were significantly higher than those in the control group, and the comparison was statistically significant (P < 0:05).
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maintenance quality management are the key to prevent BSI
[19]. Studies have shown that unskilled punctures, violation
of aseptic principles, and irregular routine maintenance of
catheters contribute to the occurrence of PICC-associated
BSI [20]. Professionalized PICC placement care can both
effectively prevent the occurrence of catheter-associated
bloodstream infections and enhance nurses’ professional skills
and professional honor [21].

The difference in CD4+, CD3+, and CD4+/CD8+ after
nursing care in our study was significant and higher in the
observation group than in the comparison group, indicating
that PICC placement nursing is more effective in patients
with lung cancer and performing PICC puncture and signif-
icantly improves patient immunity. PICC placement cathe-
ter infections are mostly caused by bacteria from the skin
at the insertion site migrating outside the catheter lumen
via subcutaneous tunnels [22]. Bacteria cultured from fibrin
adhesion at the catheter tip after perturbation were identical
to those isolated from bacterial cultures on the surfaces of
items in the surrounding environment such as bedside tables
and infusion stands [23]. Bacterial cultures of tubercular
secretions also contained the above-mentioned bacteria, sug-
gesting that exogenous bacterial colonization is the main
cause of venous catheter infection. The occurrence, develop-
ment, and metastasis of tumors are closely related to the
immune function of the body [24]. The immune function
of the body is mostly suppressed in patients with malignant
tumors, and the body’s antitumor capacity and antitoxic side
effects are diminished [25]. CD3+ cells can enhance the
body’s antitumor immune response, and CD4+/CD8+
mainly reflects the tumor cell killing activity [26]. Our study
of catheter placement and catheter maintenance by a dedi-
cated PICC nurse following a specialized standard procedure
resulted in a lower infection rate of catheter-associated
bloodstream infections than reported in the literature [27].

Therefore, good patient vascular assessment, skin disinfec-
tion and hand disinfection of the puncture before PICC
placement, strict aseptic operation during placement, proper
catheter maintenance after placement, and enhanced patient
education are key aspects to prevent PICC-associated infec-
tions, improve patient immunity, and prolong catheter
retention time [28]. PICC can not only serve as an intrave-
nous nutrition supplementation channel for lung cancer
patients but also as a PICC that is important in the treatment
of lung cancer patients, as it can not only reduce the finan-
cial burden of patients but also reduce the waste of
resources, improve the compliance of lung cancer patients,
and ultimately improve the prognosis if the PICC time is
long enough (until the end of chemotherapy) [29]. However,
clinical research data show that as PICC is more and more
widely used, the consequent incidence of PICC vascular
infection is also increasing year by year, which subsequently
affects the late treatment outcome of lung cancer patients to
a great extent.

The compliance rate of 93.8% in the observation group
of our study was significantly higher than that of 77.9% in
the comparison group, indicating that PICC placement care
is more effective and improves nursing compliance for
patients with lung cancer, and PICC puncture is performed.
Due to clinical treatment needs, lung cancer patients mostly
need to go through six chemotherapy cycles, about half a
year. The frequent peripheral puncture and stimulation by
chemotherapeutic drugs not only cause complications such
as phlebitis but also invariably increase the probability of
drug leakage, resulting in local tissue necrosis and other con-
ditions [30]. PICC overcomes the shortcomings of multiple
acupuncture and effectively avoids the problem of repeated
punctures by means of intravenous placement and establish-
ment of a continuous drug delivery channel [31]. And the
channel can be used not only as a chemotherapy drug deliv-
ery channel but also as a nutritional resupply channel for
patients, thus reducing the pain of patients during treatment
and recovery [32]. Therefore, PICC is important in the treat-
ment of lung cancer patients [33].

In conclusion, PICC placement care is effective for
patients with lung cancer who have undergone PICC punc-
ture, and it significantly improves patients’ immune and
tumor marker levels, improves patients’ negative emotions,
reduces disease uncertainty, and increases nursing
compliance.
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Figure 3: Nursing adherence. All nursing compliance data of our
study were entered into Excel software by the first and
corresponding authors, respectively, and the statistical processing
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(%) with χ2 test, and it was found that the compliance rate of
93.8% in the observation group was significantly higher than that
of 77.9% in the comparison group, and this difference was
statistically significant (P < 0:05).
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Background. Gastric cancer pathological biopsy and visual examination have been the gold standard for gastric cancer diagnosis,
but their operation is costly, demanding, and risky, so it is especially important to find an effective examination method in clinical
practice. Aims. To investigate the correlation between serum pepsinogen I (PGI), pepsinogen II (PGII), pepsinogen I and II ratio
(PGR), IL-6, and TNF-α and Helicobacter pylori (Hp) infection in patients with gastric cancer. Materials and Methods. Fifty
patients with Hp-infected gastric cancer admitted to the Department of Gastroenterology of our hospital from January 2019 to
December 2021 were selected for the study as the observation group, and another 50 patients without Hp-infected gastric
cancer were selected as the comparison group to compare the correlation analysis of PGI, PGII, PGR, IL-6, and TNF-α with
Hp infection between the two groups after admission and treatment. Results. After measurement, PGI and PGII in the
observation group were significantly lower than those in the comparison group, and TNF-α, IL-18, and IL-6 in the observation
group were significantly higher than those in the comparison group, and the comparative differences were all statistically
significant (P < 0:05). The results of multivariate logistic regression model analysis of independent risk factors for gastric
cancer showed that IL-18, hs-CRP, and tumor necrosis factor- (TNF-) α were risk factors for Hp infection in gastric cancer.
Conclusion. The expression of IL-18, hs-CRP, and TNF-α factors in Hp-infected gastric cancer patients is correlated. IL-6, IL-
18, and TNF-α are involved in the entire process from the onset to the development of Hp-positive gastric mucosal
inflammation in patients, which is of great value in the diagnosis of gastric cancer and helps to assess the degree of progression
and prognosis of gastric cancer.

1. Introduction

Epidemiological surveys in recent years have shown that the
global morbidity and mortality of gastric cancer have been
decreasing year by year, but it is still a common clinical
malignant tumor [1]. The incidence of gastric cancer in my
country ranks first among various malignant tumors, and it
also accounts for 35% of the global incidence [2]. Epidemio-
logical surveys have shown that with age, the incidence of H.
pylori infection will continue to increase [3]. In recent years,

studies have confirmed that H. pylori is closely related to the
occurrence of gastric cancer, because H. pylori can cause
damage to the gastrointestinal mucosa and promote the
regeneration of gastrointestinal cells, thereby increasing the
risk of injury [4]. H. pylori infection can increase the gener-
ation of oxygen free radicals, which leads to the peroxidation
of gastric mucosal epithelium, which induces symptoms such
as acid reflux, nausea, upper abdominal pain, and belching
and is closely related to the incidence of gastric cancer [5].
Interleukin-18 (IL-18), high-sensitivity C-reactive protein
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(hs-CRP), and tumor necrosis factor-α (TNF-α) are highly
sensitive markers of inflammatory factors [6]. Studies have
confirmed that these inflammatory factors can induce and
aggravate inflammatory responses, and IL-18 is involved in
the occurrence and development of various malignant
tumors including gastric cancer through various mechanisms
[7]. After the inflammatory reaction, due to the continuous
increase of free radicals and the generation of superoxide,
the cells undergo peroxidative damage, resulting in long-
term cellular tumors and gastric cancer [8]. H. pylori is a
Gram-negative bacterium with multiple genotypes and
secretes a variety of exogenous toxins [9]. It can damage the
gastric mucosal epithelium, and the damage mechanisms
include cell DNA damage, mitochondrial base expression
affecting gastric mucosal epithelial cells, and cell proliferation
disorders .

Studies have shown that H. pylori is closely related to
gastritis, peptic ulcer, and gastric cancer. H. pylori infection
is an important factor in the incidence of gastric cancer and
is listed as the first carcinogen by the World Health Organi-
zation [10]. The relationship between H. pylori infection and
cell proliferation and apotheosis is a current research hotpot
[11]. The stability of the gastric environment requires a bal-
ance between proliferation and apotheosis of gastric colossal
cells. Although the rate of cell loss caused by apotheosis is
comparable to the rate of new cell formation, H. pylori infec-
tion will affect this balance and lead to the occurrence of
many gastric diseases [12]. It has been suggested that Hp
infection affects PG changes, and Hp infection plays an
important role in gastric carcinogenesis, but its exact mech-
anism of action is not clear. Hp is a trigger for a number of
diseases, and Hp activates disease cells, causing them to
accumulate in the gastric mucosal tissues, creating a medi-
ated inflammatory response, and the levels of cytokines in
chronic gastritis vary significantly. The higher the level of
Hp in the patient, the more severe the degree of infection
of the patient’s gastric mucosa, and the degree of erosion
of the Hp-positive gastric mucosa by disease cells has an
important relationship with the density of Hp. Peptic ulcer
is a common gastrointestinal disease with a complex etiol-
ogy, and Hp infection is one of its important causes. We
believe that Hp infection affects PG changes and Hp infec-
tion plays an important role in gastric carcinogenesis, but
its specific mechanism of action is not clear. The reason
why Hp affects PG changes and causes cancer may be related
to chronic inflammatory stimulation of Hp leading to atro-
phic intestinalization of gastric tissues and damage to PG
genes, and some scholars believe that it is related to the
host’s own immune disorder caused by Hp. In this study,
100 patients admitted to our hospital from January 2016 to
January 10, 2020, were selected for exploration and analysis
and the correlation analysis of serum pepsin, IL-6, and TNF-
α with Hp infection in patients with gastric cancer. The
report is as follows.

2. Material and Methods

2.1. Research Object. Fifty cases of Hp-infected gastric cancer
patients admitted to the Department of Gastroenterology of

our hospital were selected for the study as the observation
group, and another 50 cases of patients without Hp infection
were selected as the comparison group. Inclusion criteria
[13]: (i) after gastroscopic biopsy histopathological examina-
tion, pathology and imaging consistent with the diagnosis of
gastric cancer; (ii) age 18-65 years, no history of special med-
ication (gastric mucosal protective agents, nonsteroidal anti-
inflammatory drugs, acid suppressants, and antibacterial
drugs) in the previous 2 months, all selected patients
accepted and voluntarily joined the experiment; (iii) no his-
tory of relevant vaccinations, approved by the hospital ethics
committee and those who signed the informed consent.
Exclusion criteria: (i) with infectious diseases, (ii) with severe
liver and kidney impairment, and (iii) with mental illness
(interfering with our study or affecting the results of the
trial).

2.2. Methods. Serum-related factor assay: 2ml of fasting
elbow venous blood was collected from both groups in the
early morning, and the serum was separated after centraliza-
tion at 3000 r/min for l0min, and the level of CRP was mea-
sured by enzyme-linked immunodeficient assay kit
(Bioengineering Shanghai Co., Ltd.); IL-18 and TNF-α were
measured by IMMU-NITE1000 luminescence analyzer
(Thermo Fisher) (kit: Institute of Radiology and Immunol-
ogy, PLA General Hospital). The 2000 luminescence instru-
ment from Abbott and the accompanying PGI and PGII
reagents were used to determine PGI and PGII levels and
calculate the PGI/PGII (PGR) ratio, which was determined
by the luminescence method; patients were kept in a fasting
state before undergoing gastropod, 3ml of venous blood was
collected, serum was separated to obtain serum and tested,
and the degree of gastric colossal inflammation was mea-
sured. The degree of inflammation of the gastric mucous
was observed with a low-mounted microscope, and the
values of IL-6, IL-18, and TNF-α were recorded and
analyzed.

Hp assay: the anti-Hp antibody characterization kit
(Shanghai Changchun Technology Co., Ltd., enzyme-
linked immunodeficient assay) was used to detect the level
of Hp-IgG antibody in the serum of the two groups of
patients.

2.3. Statistical Analysis. All statistical data in this study were
entered into Excel software by the first author and the corre-
sponding author, respectively, and the statistical processing
software was SPSS 25.0 for calculation. Repeated measures
analysis of variance between groups was used to measure
the measurement expressed as mean ± standard deviation
(X ± S). Count data expressed as a percentage (%) were
tested by χ2. Univariate and logistic multivariate regression
analysis was used to compare the influencing factors, and
the risk factors with significant differences were screened.
Correlation test used logistic regression linear correlation
analysis. Included data that did not conform to a normal dis-
tribution were described by M (QR), using the Mann–Whit-
ney test. All statistical tests were two-sided probability tests.
The statistical significance was P < 0:05.
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3. Results

3.1. Comparison of Baseline Data. The differences in mean
age, gender, lesion diameter, tumor classification, and body
mass index between the two groups were not statistically sig-
nificant (P > 0:05). See Table 1.

3.2. Serum Index Comparison. After measuring, PGI
(95:76 ± 3:14) and PGII (16:36 ± 4:90) in the observation
group were significantly lower than those in the comparison
group, and TNF-α (82:28 ± 4:24), IL-18 (19:76 ± 3:14), and
IL-6 (9:13 ± 1:01) in the observation group were significantly
higher than those in the comparison group, and the differ-
ences were statistically significant (P < 0:05). See Figure 1.

3.3. Comparison of Gastric Cancer Stage and Related
Indicators. The higher clinical stage of gastric cancer led to
higher serum gastrin-17, CEA, and CA199 levels and lower
pepsinogen I levels, and the comparative differences were
statistically significant (P < 0:05). However, the differences
of pepsinogen I/pepsinogen II and H. pylori positivity rates
in patients with different gastric cancer stages were not sta-
tistically significant (P > 0:05). See Figure 2.

3.4. Multiword Regression Analysis. The variables with sig-
nificant differences were assigned, namely, IL-18, CA199,
CEA, hs-CRP, and TNF-α (normal = 1, abnormal = 0). The
results of multivariate logistic regression model analysis of
independent risk factors for gastric cancer showed that IL-

Table 1: Comparison of baseline information between the two groups of patients.

Group
Average age

(years)
Gender (male/

female)
Lesion diameter

(cm)
Body mass index (kg/

m2)

Tumor classification
Gastric body

cancer
Gastric sinus

cancer

Comparison group
(50)

69:83 ± 5:13 23/27 4:50 ± 1:25 22:32 ± 1:16 22 28

Observation group
(50)

68:72 ± 3:16 26/24 4:40 ± 1:01 22:11 ± 1:10 21 29

t 1.303 0.360 0.440 0.929 0.041

P 0.196 0.548 0.661 0.355 0.840
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Figure 1: Comparison of serum indicators. In this study, the statistics of the pain VAS scores of the two groups of patients were entered into
Excel software by the first and corresponding author, respectively, and the included data were tested using the Shapiro-Wilk method of
mean ± standard deviation of the measured data conforming to a normal distribution. And independent sample or paired sample t-tests
were implemented between or within groups. PGI and PGII in the observation group were significantly lower than those in the
comparison group, and TNF-α, IL-18, and IL-6 in the observation group were significantly higher than those in the comparison group,
and the comparative differences were all statistically significant (P < 0:05).
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18, hs-CRP, and TNF-α were risk factors for Hp infection in
gastric cancer, and the comparative differences were all sta-
tistically significant (P < 0:05). See Table 2.

4. Discussion

Hp infection is an important trigger of chronic gastritis and
peptic ulcer, and research data show that some immunemech-
anisms and inflammatory responses play an important role in
the pathogenesis of gastric mucosa, and nowadays, diseases
due to cytokine triggers are getting more and more attention
[14].Hp-positive chronic gastritis and peptic ulcermake some
cells in patients to form an immune response, in which endo-
crine secretion of serum IL-6, IL-8, andTNF-α and other cyto-
kines is endocrine raised [15]. Hp is the trigger of some
diseases, Hp activates disease cells and causes them to accu-

mulate in the gastric mucosal tissue, forming a mediated
inflammatory response, and the levels of cytokines in chronic
gastritis differ significantly [16]. The higher the level of Hp in
the patient, the more severe the degree of infection of the
patient’s gastric mucosa, and the degree of erosion of the
Hp-positive gastric mucosa by the disease cells has an impor-
tant relationship with the density of Hp [17]. Peptic ulcer is a
common gastrointestinal disease with a complex etiology, and
Hp infection is one of its important causes [18].

We found that Hp can secrete a large number of patho-
genic factors via regulation of relevant signaling pathways,
and long-term persistent Hp infection induces immune and
inflammatory responses and produces carcinogenic sub-
stances, thus playing a role in the progression of precancerous
diseases [19]. In addition, persistent Hp infection leads to an
increased rate of DNA damage, and inflammation can lead

G
as

tr
in

-1
7 

(p
g/

m
l)

PG
I (

ng
/m

l)

PG
II

 (n
g/

m
l)

PG
I/P

G
II

CE
A

 (n
g/

m
l)

CA
19

-9
 (U

/m
l)

H
P 

po
sit

iv
e r

at
e

0

100

200

300

P > 0.05
P > 0.05P < 0.05P < 0.05

P < 0.05

P < 0.05

P < 0.05

Phase I
Phase II Phase III

Phase IV

Figure 2: Comparison of gastric cancer staging and related indicators. In this study, statistics of pain VAS scores for both groups were
entered into Excel software by the first and corresponding authors, respectively, and measures of gastrin-17, CEA, CA199, PGI, and PGI/
PGII were tested for inclusion by the Shapiro-Wilk method of mean ± standard deviation. And independent sample or paired sample t
-tests were implemented between or within groups, and HP-positive rate count data were expressed as whole numbers and found by chi-
square test. Higher clinical stage of gastric cancer resulted in higher serum gastrin-17, CEA, and CA199 levels and lower PGI levels, all
with statistically significant differences in comparison (P < 0:05). However, the differences in PGI/PGII and HP-positive rates were not
statistically significant in patients with different gastric cancer stages (P > 0:05).

Table 2: Multiword logistic regression analysis.

b SE (b) Wald P OR OR 95% CI

IL-18 2.026 0.952 4.370 0.023 7.656 1.110-5.760

CA199 -0.203 0.708 0.053 0.742 0.761 0.150-3.780

CEA 0.502 0.710 0.376 0.527 1.633 0.330-7.970

hs-CRP 4.932 1.409 10.412 0.003 1.910 7.021-217.402

TNF-α -1.915 0.908 4.309 0.023 0.110 0.020-0.840
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to the production of large amounts of superoxide and free rad-
icals, reducing the concentration of vitamin C in the gastric
juice [20]. This makes the cells less tolerant to oxidative dam-
age and prone to peroxidative damage [21]. The possible
mechanisms linking Hp infection to the development of gas-
tric cancer are considered to include the following: oxidative
damage, type of Hp strain, genetic variants and differences
in their expression, and abnormal kinetics related to gastric
mucosal epithelial cells [22–25].

Our study showed showing that serum IL-6 and 1L-18
has an important factor in gastrointestinal diseases and also
provides a diagnostic basis for patients with early gastric
cancer [26]. Elevated serum IL-6 levels have been reported
to be positively correlated with the development of bone
tumors, and higher levels of IL-6 have been found in tumor
cells and tumor-associated macrophages, and it has been
found that tumor cells may produce higher levels of IL-6
during proliferation, invasion, or metastasis [27]. Elevated
serum IL-6 levels were positively correlated with tumor load
and disease progression, and IL-6 levels were significantly
elevated in patients with gastric cancer with lymph node
metastasis [28]. Serum pepsinogen, an endoproteinase with
digestive function, is divided into two subgroups, PGI and
PGII, according to immunology and biochemistry [29].
Among them, PGI is mainly expressed in cervical mucus
cells and principal cells of the gastric fundus and is especially
highly expressed in the gastric mucosa of embryos [30].
Among them, PGII is mainly expressed with all duodenal
Brunner’s gland and gastric glands and to a lesser extent in
prostate and pancreas [31]. Most of the synthesized pepsin-
ogen is secreted into the gastric lumen and activated into
pepsin by the action of acidic gastric juice, and the pepsino-
gen that enters the circulation is very stable [32]. The mea-
surement of serum pepsinogen changes can reflect the
degree of gastric mucosal lesions and differentiation, which
is beneficial for the early diagnosis of gastric cancer and is
important for the prevention of gastric cancer, and it is also
considered to be the best serological indicator for the histol-
ogy of gastric mucosa [33]. Therefore, it is considered that
serum pepsinogen can be used for the initial screening of
gastric cancer and as an ideal tumor marker for the diagnosis
of gastric cancer [34].

In our study, pepsinogen I and pepsinogen II in the
observation group were significantly lower than those in
the comparison group, and TNF-α and IL-6 in the observa-
tion group were significantly higher than those in the com-
parison group after measurement. The findings may
suggest that elevated IL-6 levels may be an indicator of fur-
ther deterioration of gastric cancer patients or suggest that
the tumor may metastasize, suggesting appropriate thera-
peutic measures to control the development of the disease,
and the experimental results have some clinical guidance
[35]. TNF-α is one of the cytokines with the strongest anti-
tumor effect, and both in vivo and ex vivo experiments have
shown that TNF-α has very significant antitumor effect.
Patients with higher tumor TNF-α values are more prone
to metastasis and recurrence after treatment [36]. Therefore,
TNF-α can be used as an important marker for tumor recur-
rence and metastasis, as well as an indicator for identifying

pretumor lesions, and the experimental results are consistent
with the literature [37]. The mean value of serum TNF-α in
patients with lymph node metastasis from gastric cancer was
nearly 6-fold higher than normal, and the mean value of
serum TNF-α in patients with postoperative recurrence
was nearly 3-fold higher than normal, which may be due
to increased tumor load and excessive release of TNF-α from
activated lymphocytes in vivo, resulting in increased serum
TNF-α levels [38].

Our study also suggests that the determination of TNF-α
activity in serum of gastric cancer patients, like the determi-
nation of IL-6, can be used as an adjunct to observe the
progress of patients’ disease and judge the deterioration or
tumor metastasis, which has some reference value for clini-
cians [39]. Since the level of serum pepsinogen directly
reflects the function of gastric mucosa, the significant
decrease in serum pepsinogen I level in gastric cancer
patients suggests that the secretion capacity of gastric
mucosa of gastric cancer patients is reduced, and the signif-
icant decrease in serum pepsinogen I level in gastric cancer
patients is related to atrophy, intestinalization, and reduced
secretion of gastric mucosa in gastric cancer patients [41].
There was no statistically significant change in serum PC II
levels in gastric cancer patients, which may be related to
the wide distribution of 11 cells secreting pepsinogen [42].
A significant decrease in serum pepsinogen I is clinically
important for the monitoring of early gastric cancer, and
pepsinogen I and pepsinogen II are elevated in patients with
gastric ulcer, whereas serum PGI and pepsinogen II are sig-
nificantly lower in patients with cancer [43].

Multifactorial logistic regression analysis in our study
showed that serum pepsinogen I, TNF-α, and IL-6 in gastric
cancer were independent risk factors for Hp infection as a
complication of gastric cancer. It indicates that serum pep-
sinogen and IL-6 tests can predict Hp infection in gastric
cancer [44]. We believe that serum pepsinogen and IL-6 pre-
dicting Hp infection in gastric cancer also has some limita-
tions to some extent, but the combination of separate tests
can be used to improve the sensitivity of detection, early
detection of Hp infection in gastric cancer, early interven-
tion, and improve the survival rate of patients [45]. Existing
clinical studies have shown that peripheral blood of gastric
cancer patients showed a significant increase in serum pep-
sinogen, IL-6, which was correlated with tumor diameter
and highly pelvic lymph node metastasis in gastric cancer
patients, which is considered a factor associated with gastric
cancer development and prognosis. IL-6 is a functional pro-
tein, mainly expressed by macrophages and epidermal cells,
and is a common inflammatory factor with immunomodula-
tory and inflammation-mediated response. It has an impor-
tant role in tissue injury and repair stages. Studies have
shown phantom that the expression capacity of IL-6 is sig-
nificantly lower in healthy humans than in patients with gas-
trointestinal diseases. IL-8 is mainly secreted by
macrophages and epidermal cells and is also a common
inflammatory factor with inflammation-mediating and
endothelial cell proliferation effects, accelerating angiogene-
sis role. IL-8 has an important role at the beginning of the
pathogenesis of diseases such as insulin, inflammation, and
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xanthogranuloma. TNF-α is a class of cytokines with multi-
ple activities, which can overactivate leukocytes. This
increases the adhesion of leukocytes to endothelial cells
and makes leukocytes more easily phagocytized. The current
study showed that when patients were infected with Hp, the
concentration of TNF-α in the organism was significantly
increased.

In conclusion, the expression of IL-18, hs-CRP, and
TNF-α factors in Hp-infected gastric cancer patients is cor-
related, and IL-6, IL-18, and TNF-α are involved in the
entire process from the onset to the development of inflam-
mation in the Hp-positive gastric mucosa of patients, which
is of great value in the diagnosis of gastric cancer and helps
to assess the degree of progression and prognosis.
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Background. Acute lung injury (ALI) is a clinical disease with high morbidity and mortality, with limited treatment means. For
primary alveolar epithelial type II (AT2) cells, glycolysis is an essential bioenergetic process. However, the significance of AT2
cell glycolysis in sepsis ALI remains unknown. Methods and Results. In the current study, based on microarray analysis, real-
time quantitative PCR, and Western blotting, we found that the hsa00020: citrate cycle pathway was inactivated, specifically its
downstream gene: malate dehydrogenase 1 (MDH1) and MDH2 in ALI. In this context, lipopolysaccharides (LPS) were used
to construct the septic-ALI mouse model and the biological function of MDH1 and MDH2 in primary alveolar epithelial type
II (AT2) cells was explored. Through CCK-8, EdU, transwell, and apoptosis assays, we found that MDH1 and MDH2
promoted the cell vitality of AT2 cells, which relied on MDH1 and MDH2 to promote the glucose intake of AT2 cells.
Conclusion. Overall, these findings suggest that targeting MDH1/MDH2-mediated AT2 cell glycolysis may be a potential
strategy for ALI patients.

1. Introduction

Acute lung injury (ALI) is a frequent cause of respiratory
failure that is characterized by the sudden onset of noncar-
diogenic pulmonary edema, inflammatory cell infiltration,
and decreased gas exchange, culminating in severe hypox-
emia and dyspnea that necessitates mechanical ventilation
[1]. Sepsis is characterized by excessive inflammatory reac-
tions that may cause severe cell and tissue damage as well
as organ dysfunction such as ALI. Despite that numerous
clinical trials and studies have been performed, there is no
effective treatment strategy for treating ALI. The develop-
ment of new therapeutic strategies is a hot issue to solve
the clinical dilemma of ALI.

Alveolar epithelial type II (AT2) cell is one of the key
cells to maintain the stability of the pulmonary environment
and plays a role in secretion and regeneration in the alveoli
[2]. The regeneration of alveolar epithelial cells is very
important for the recovery of lung diseases, including ALI
[3]. It was reported that AT2 cells are a kind of metabolically
active lung cell that is essential for surfactant generation and

alveolar balance [2]. However, the significance of AT2 cell
metabolism in organ harm in sepsis, particularly ALI, is
unknown.

Based on the microarray analysis previously [4], it was
found that malate dehydrogenase 1 (MDH1) and MDH2
were substantially lower expressed in peripheral blood of
septic-ALI patients compared with healthy donors. How-
ever, the biological functions of MDH1 and MDH2 in ALI
remain unknown.

MDH1 silencing has been reported to induce cell death
in lung cancer cell lines [5]. In addition, silencing MDH2
inhibited the proliferation, migration, and invasion while
promoting cell apoptosis of endometrial cancer cells [6].
We speculated that MDH1 and MDH2 improved ALI by
promoting the proliferation and inhibiting the apoptosis of
AT2 cells.

MDH1 and MDH2 were the downstream genes of
hsa00020: citrate cycle (TCA cycle) TCA cycle is the central
pathway of almost all individual metabolic pathways, and
the ultimate co-oxidation pathway of carbohydrates, fats,
and amino acids [7]. In the role of oxidative catabolism of
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carbohydrates (such as glucose), the TCA cycle provides a
precursor for many biosynthetic pathways [7]. Therefore,
the abnormal TCA cycle may have a certain influence on
glucose uptake.

In this study, we speculate that MDH1 and MDH2 may
promote the oxidative catabolism of glucose by activating
the TCA cycle and then promote the uptake of glucose by
cells. Glucose is vital to cell physiology as the primary energy
source of cell [8]. Our results indicate that MDH1 and
MDH2 may improve ALI injury by promoting glucose
uptake in AT2 cells.

2. Material and Method Microarray Analysis

The microarray analysis data was obtained from the
GSE32707 dataset [2], which included the peripheral blood
raw mRNA data of 34 healthy donors and 30 septic-ALI
patients. Differentially expressed genes (DEGs) were screened
using the R language software package “limma.” Screening
criteria are as follows: fold change ≥ 2 and FDR < 0:05.

2.1. Septic-ALI Mouse Model. Twenty adult male C57BL/6
mice (six to eight weeks) were purchased from Saiye Biotech-
nology Co. Ltd. (Shanghai, China) and maintained under con-
trolled temperature and humidity in specific pathogen-free
conditions. The mice were divided in two groups randomly
and equally: PBS (phosphate buffer saline, YS-10572R, Shang-
hai Yaji Biotechnology Co. Ltd., China) and LPS(lipopolysac-
charide, SMB00610, Merck, USA) group. For the LPS group
(ALI model), the mice were subjected to 25mg/kg of 100μl
LPS via intratracheal instillation. For the PBS group (control
model), the mice were subjected to 100μl PBS via intratra-
cheal instillation. Mice were sacrificed using the spinal dislo-
cation method. Animal experiments were approved by the
animal care and use committee of Ruijin Hospital, Shanghai
Jiao Tong University.

2.1.1. Mouse Pulmonary Function Detection. The whole body
scanning system (WBP-4MR, Shanghai Tawang Intelligent
Technology Co. Ltd., China) was used to detect the airway
resistance of mice and 50% exhalation flow rate of all mice.

2.1.2. Extraction of Primary AT2 Cells. Mice were sacrificed
using the spinal dislocation method and were soaked in 75%
alcohol for 2min, and the lung tissues were collected. The lung
tissue was cut into pieces and cleaned with PBS 3 times. The
clipped tissue was digested with DNase I and trypsin for
20min, and the supernatant was filtered by 70μm and
40μm mesh. Three culture dishes, A, B, and C, were taken,
and cell suspension was planted into dish A. After standing
at 37° for 20min, the cell suspension of dish A was transferred
to dish B for culture. After standing at 37° for 20min, the cell
suspension of dish B was transferred to dish C for culture.
Dish C was AT2 cells, and the epithelial cell special culture
medium (McM-314, Ningbo Mingzhou Biotechnology Co.
Ltd., China) was changed every other day.

2.2. Real-Time Fluorescence Quantitative PCR (RT-PCR).
Total RNA of primary AT2 cells was extracted by TRIzol
Reagent (Shanghai Donghuan Biotechnology Co. Ltd., China).

Total RNA was reversed into cDNA using the BioSci™
WitEnzy First-strand cDNA Synthesis Kit (8072031, Beijing
Dake Biotechnology Co. Ltd., China). PCR was performed
using the 2X SYBR Green qPCR Master Mix (Shanghai Don-
ghuan Biotechnology Co. Ltd., China). GAPDH was used as
internal reference. Relative gene expression was calculated
using the 2−ΔΔCt method. The primers used in this study were
shown in Supplement Table 1.

2.3. Western Blot (WB). RIPA lysate (Shanghai Donghuan
Biotechnology Co. Ltd., China) was used to lysate primary
AT2 cells. Protein quantification was performed using the
BCA kit (PC0020, Shanghai Jizhi Biochemical Technology
Co. Ltd., China). 20μl of protein was added to SDS-page
gel and then transferred to the PVDF membrane. The PVDF
membrane was sealed with 5% milk for 1 h. All primary
antibodies in this experiment were as follows: MDH1
(AB175455, Abcam, USA), MDH2 (AB181873, Abcam,
USA), and GAPDH (AB8245, Abcam, USA). The rabbit
monoclonal [M87-3] anti-mouse IgG1, IgG2a, IgG2b H&L
(ab125907, Abcam, USA) was used as second antibody.
ECL kit solution A: solution B = 1 : 1 (Shanghai Donghuan
Biotechnology Co. Ltd., China) was used for protein detec-
tion. The ECL system (Bio-Rad, Hercules, USA) was used
to observe protein bands, and ImageJ software version 21.0
was used to calculate gray values.

2.4. Cell Culture and Transfection. Before transfection, 1 ×
10^6 AT2 cells were inoculated into 6-well plates and
epithelial cell special culture medium (McM-314, Ningbo
Biotechnology Co. Ltd., China) was used to culture cells
for 2 h. Small interfering RNA(SI)-MDH1, SI-MDH2, Si-
negative control (NC), overexpressed- (OE-) MDH1 plas-
mid, OE-MDH2 plasmid, and OE-NC plasmid were
purchased from GenePharma (Shanghai, China). siRNA
and OE plasmids were transfected into AT2 cells using
Lipofectamine 3000 Reagent (GenePharma, Shanghai,
China). Follow-up experiments were performed after
48 h transfection.

2.5. Glucose Uptake Test. 2-NBDG (a fluorescent-labeled 2-
deoxyglucose analogue, B6035, ApexBio, Shanghai, China)
can be used as a tracer to assess cellular glycogen metabolism
(phosphorylated by hexokinase and retained in cells). 4000/
each well primary AT2 cells were inoculated in 24-well
plates, and 2-NBDG of 200μm/ml was added into each well
and incubated for 2 h. Images were captured with a fluores-
cence microscope (CKX53, Olympus, Japan) and analyzed
with Image-Pro Plus 6.0.

2.6. Enzyme-Linked Immunosorbent Assay (ELISA). The
Mouse Interleukin 6 (IL-6) ELISA Kit (YX-E20012, Wuhan
YIPu Biotechnology Co. Ltd., China) and Mouse IL-17A
ELISA Kit (AB199081, Shenzhen Haisian Biotechnology
Co. Ltd., China) were used to detect the concentration of
IL-6 and IL-17A in cell or tissue lysis fluid.

2.7. Immunofluorescence. Primary AT2 cells were immobi-
lized using 4% buffered paraformaldehyde, and then anti-
IL-6 antibody [EPR16610-69] (AB179570, Abcam, USA)
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and anti-IL-17A antibody were used to incubate overnight.
The cells were washed with PBS and treated with goat
anti-Mouse IgG H&L (Alexa Fluor® 488) (AB150113,
Abcam, USA) at room temperature for 1 h. The nuclei were
stained with DAPI (AB104139, Abcam, USA). Images were
captured with a fluorescence microscope (CKX53, Olympus,
Japan) and analyzed with Image-Pro Plus 6.0.

2.8. Hematoxylin and Eosin (HE) Staining and Masson’s
Trichrome Staining. The lung tissues of mice were fixed with
4% paraformaldehyde, embedded in paraffin, and cut into
5μm thick sections. The HE staining kit (G1120-100, Beijing
Solebo Technology Co. Ltd., China) and Masson trichro-
matic staining kit (G1340, Beijing Solebo Technology Co.
Ltd., China) were used to observe lung cell morphology
and collagen deposition under a fluorescence microscope
(CKX53, Olympus, Japan).

2.9. Cell Counting Kit-8 (CCK-8). Two thousand of AT2 cells
were inoculated in 96-well plates, and 10μl CCK8 solution
(Shanghai Donghuan Biotechnology Co. Ltd., China) and
90μl high-glucose DMEM medium (12430062, Thermo
Fisher Scientific, USA) or glucose-free DMEM medium
(A90113, Shanghai Jizhi Biochemical Technology Co. Ltd.,
China) were added to each well. After incubation in the
incubator for 2 hours, the absorbance at 450 nm was mea-
sured with a microplate reader (NanoDrop 2000c, Thermo
Fisher Scientific, USA).

2.10. EdU Cell Proliferation. Two thousand of AT2 cells were
inoculated in 96-well plates for 24 h. Then fixed cells with
4% paraoxide for 30min and incubate with anti-Brdu anti-
body [IIB5] (AB8152, ABACam, USA) for 60min. The
absorbance at 450nm was measured with a microplate
reader (NanoDrop 2000c, Thermo Fisher Scientific, USA).

2.11. Transwell. AT2 cells (200μl, 2000 cells per well) were
collected and suspended in serum-free medium and then
transferred to the hydrated matrix chamber (3421, Corning,
USA). The subcompartment was cultured overnight in
600μl epithelial cell special culture medium [9]. The cells
on the upper surface of the cell were cultured, and the cells
on the lower surface of the cell were fixed with anhydrous
ethanol and stained with 0.1% crystal violet for half an hour.
Cells were observed under an inverted microscope [10].

2.12. Apoptosis Detection. Tissue (digested with DNase I and
trypsin) or cells were collected, and cells were gently resus-
pended with 1ml PBS. 50μl 1x binding buffer and 2.5μl
annexin v-FITC were added to each well and incubated at
room temperature for 10–15min away from light. Add 5μl
PI staining solution to each well, and incubate for 5–
10min on ice away from light. 100μl 1x binding buffer
was added, and cell apoptosis was detected by BD FACSCa-
libur flow cytometry (Becton, Dickinson and Company,
USA). Annexin V-FITC was green fluorescence and PI was
red fluorescence.

2.13. Data Analysis. All statistical analyses were performed
using SPSS 22.0 software (SPSS Inc., Chicago, IL, USA),

expressed asmean ± standard deviation (X ± S). Wilcox tests
were used to compare the two groups of independent sam-
ples. Kruskal-Wallis tests were used to compare multiple
independent samples. P < 0:05 was considered statistically
significant.

3. Results

3.1. The Construction of the Septic-ALI Mouse Model. Com-
pared with PBS-treated mice (N = 10), the airway resis-
tance (Figure 1(a)) and 50% exhalation flow rate
(Figure 1(b)) of LPS-treated mice (N = 10) were substan-
tially reduced. Masson’s staining (N = 5, Figure 1(c)) and
HE staining (N = 5, Figure 1(d)) showed that the lung tis-
sues of mice in the LPS group were substantively dam-
aged compared with those in the PBS group. In
addition, RT-PCR (N = 10, Figure 1(e)) and ELISA
(N = 10, Figure 1(f)) results showed that the expression
of IL-6 and IL-17A was substantially increased in the lung
tissues of mice in the LPS group compared with the PBS
group. These results suggested that the LPS-induced
septic-ALI mouse model was successfully established.

3.2. TCA Cycle Pathway Was Deactivated in the Septic-ALI
Mouse Model. Based on the GSE32707 dataset, we screened
the DEGs in the peripheral blood of healthy donors
(N = 34) and septic-ALI patients (N = 30) and 3918 down-
regulated genes and 1372 upregulated genes were found in
the peripheral blood of septic-ALI patients compared with
healthy donors (Figure 2(a)). KEGG analysis showed that
393 DEGs were significantly enriched in the hsa01100: met-
abolic pathways, and 15 DEGs (ACLY, ACO1, CS, DLAT,
DLST, FH, IDH1, IDH3A, MDH1, MDH2,PDHA1, PDHB,
SDHA, SUCLA2, and SUCLG2) were significantly enriched
in hsa00020: TCA cycle (Figure 2(b)). According to the
GSE32707 dataset, it was found that except IDH1, all the
other 14 genes had downregulated expression in the periph-
eral blood of septic-ALI patients (Figure 2(c)). In addition,
RT-PCR results showed that CS, DLAT, MDH1, MDH2,
and PDHA1 were substantially downregulated in lung tis-
sues of septic-ALI mice (N = 10) compared with control
mice (N = 10) (Figure 2(d)). Moreover, the downregulated
expression of MDH1 and MDH2 in septic-ALI mice com-
pared with control mice was confirmed via WB assay
(N = 5, Figure 2(e)) and immunofluorescence (N = 5,
Figure 2(f)). These data suggested that the TCA cycle path-
way was inactivated in septic-ALI mice.

3.3. MDH1 And MDH2 Promoted the Cell Viability of
Primary AT2 Cells by Enhancing Glucose Uptake. MDH1
and MDH2 were silenced or overexpressed in primary
AT2 cells, and the knockdown or overexpression efficiency
of MDH1 and MDH2 were detected by RT-PCR
(Figures 3(a) and 3(b)) and WB (Figures 3(c) and 3(d)).
Glucose uptake assay results showed that MDH1 or
MDH2 silencing inhibited the glucose uptake, while
MDH1 or MDH2 overexpression promoted the glucose
uptake of primary AT2 cells (Figure 3(e)). The prolifera-
tion of primary AT2 was dependent on glucose
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(Figure 3(f)). In 100% high-glucose medium, MDH1 or
MDH2 silencing inhibited the proliferation of primary
AT2 cells. Overexpression of MDH1 or MDH2 promoted
the proliferation of primary AT2 cells (Figure 3(g)). How-
ever, in 100% glucose-free medium, MDH1 or MDH2
silencing or overexpression had no significant effect on
the proliferation of primary AT2 cells (Figure 3(h)). More-
over, overexpression of MDH1 or MDH2 promoted the
proliferation of primary AT2 cells in 100% high-glucose
medium via EdU assays (Figure 3(i)). These results sug-
gested that MDH1 or MDH2 promoted the proliferation
of primary AT2 cells by enhancing glucose uptake. The
invasion of primary AT2 cells was dependent on glucose
(Figure 3(j)). In 100% high-glucose medium, MDH1 or
MDH2 silencing inhibited while MDH1 or MDH2 overex-
pression promoted the proliferation of primary AT2 cells

(Figure 3(k)). However, in 100% glucose-free medium,
MDH1 or MDH2 silencing or MDH1 or MDH2 overex-
pression had no significant effect on the invasion of pri-
mary AT2 cells (Figure 3(l)). These results shown that
by promoting glucose uptake, MDH1 or MDH2 promoted
the invasion of primary AT2 cells.

3.4. MDH1 or MDH2 Inhibited the Apoptosis of Primary
AT2 Cells by Promoting Glucose Uptake. Compared with
PBS-treated mice, the apoptosis ratio of primary AT2 cells of
LPS-treated mice was substantially enhanced (Figure 4(a)).
Low-level glucose promoted the apoptosis ratio of primary
AT2 cells (Figure 4(b)). In 100% high-glucose medium,
MDH1 or MDH2 silencing promoted the apoptosis of pri-
mary AT2 cells. However, overexpression of MDH1 or
MDH2 inhibited the apoptosis of primary AT2 cells
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Figure 1: Construction of septic-ALI mouse model. (a) The airway resistance, (b) the 50% exhalation flow rate, (c) Masson’s staining, and
(d) HE staining of LPS-treated mice and PBS-treated mice. (e) RT-PCR and (f) ELISA were used to detect the expression of IL-6 and IL-17A.
∗∗∗P < 0:001.
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(Figure 4(c)). These results indicated that MDH1 or MDH2
inhibited the apoptosis of primary AT2 cells by promoting
glucose uptake.

4. Discussion

In this study, through microarray analysis, we initially found
that the downstream genes of TCA cycle: ACLY, ACO1, CS,
DLAT, DLST, FH, IDH1, IDH3A, MDH1,MDH2, PDHA1,
PDHB, SDHA, SUCLA2, and SUCLG2, had substantially
reduced expression in blood of septic-ALI patients com-
pared to healthy donors. Metabolites associated with the
TCA cycle have been reported to control transcription fac-
tors and chromatin modifications that alter cell function
and fate [11]. It is suggested that the deactivation of the
TCA cycle may affect the development of septic-ALI
disease.

Based on the results of RT-PCR and WB, we found
that MDH1 and MDH2 were substantially downregulated
in lung tissues of septic-ALI mice compared with control
mice. It has been reported that miRNA-126-5p exerted
growth inhibition function by inhibiting MDH1 in non-
small cell lung cancer cells [12]. MDH2 promoted the pro-
liferation and inhibited apoptosis of endometrial cancer

cells by inhibiting PTEN [13]. MDH1 and MDH2 may
regulate the proliferation and apoptosis of lung cells.
AT2 cell is one of the key cells that maintain the integrity
of lung tissues [14]. In this study, we found that MDH1 or
MDH2 silencing inhibited the proliferation and promoted
the apoptosis of primary AT2 cells. In addition, we found
that silencing MDH1 or MDH2 inhibited the invasion
ability of primary AT2 cells. These results suggest that
MDH1 and MDH2 promoted the activity of primary
AT2 cells.

MDH1 and MDH2 play important roles in energy
metabolism of the TCA cycle [15]. In this study, MDH1
and MDH2 promoted the proliferation and invasion, while
inhibiting apoptosis in a glucose-dependent manner in pri-
mary AT2 cells, which was not reported before. The study
reports that MDH1 was overexpressed in cancer and pro-
moted glycolysis through NAD (nicotinamide adenine
dinucleotide) production, which in turn promotes pancre-
atic cancer cell proliferation and metabolism [16]. How-
ever, the relationship between MDH2 and glycolysis
remained unknown. Glycolysis is one of the classic path-
ways through which cells metabolize acetyl CoA, which
was essential for maintaining TCA cycle activity [17].
Moreover, high levels of acetyl CoA promoted histone
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Figure 2: The TCA cycle pathway was inactivated in primary AT2 cells of septic-ALI mice. (a) Screening for differentially expressed genes in
the peripheral blood of healthy donors (N = 34) and septic-ALI patients (N = 30). (b) KEGG analysis of 3918 downregulated genes and 1372
upregulated genes. (c, d) Expression of ACLY, ACO1, CS, DLAT, DLST, FH, IDH1, IDH3A, MDH1, MDH2, PDHA1,PDHB, SDHA,
SUCLA2, and SUCLG2 was detected in the (c) GSE32707 dataset, or in septic-ALI mice (N = 10) and control mice (N = 10) via RT-PCR
detection in (d) AT2 cells. (e, f) Expression of MDH1 and MDH2 was done via (e) WB assay (N = 5) and (f) immunofluorescence assay
in AT2 cells (N = 5). ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001.
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8 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

si-
MDH1-3

si-
MDH1-2

si-
MDH1-1

 

si-
NC

OE-N
C

OE-M
DH1

si-
MDH2-3

si-
MDH2-2

si-
MDH2-1

 

si-
NC

OE-N
C

OE-M
DH2

Re
la

tiv
e M

D
H

1 
m

RN
A

 ex
pr

es
sio

n

NS
Primaty type II alveolar epithelial cells

NS⁎⁎⁎ ⁎⁎⁎ ⁎⁎⁎

Re
la

tiv
e M

D
H

2 
m

RN
A

 ex
pr

es
sio

n

Primaty type II alveolar epithelial cells
NS⁎⁎⁎⁎⁎ ⁎⁎⁎ ⁎⁎⁎

0.0

1.0

8

10

12

14

0.5

1.5

0.0

1.0

8

10

12

14

0.5

1.5

(d)

si-MDH1-1 si-MDH1-1 + si-MDH2-1 si-MDH2-1 si-NC

OE-NC OE-MDH1 OE-MDH1 + OE-MDH2OE-MDH2

si-
MDH1-1

 

si-
MDH1-1

 + si-
MDH2-1

 

si-
MDH2-1

 

si-
NC

4

3

2

1

0

OE-N
C

OE-M
DH1

OE-M
DH1 +

 O
E-M

DH2

OE-M
DH2

Re
la

tiv
e fl

uo
re

sc
en

ce
 in

te
ns

ity

Primaty type II alveolar epithelial cells
⁎ ⁎ ⁎ ⁎ ⁎ ⁎

(e)

Figure 3: Continued.

9Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

⁎⁎⁎

Primaty type II alveolar epithelial cells

0

10
0%

 Su
gar

-fr
ee 

medium

50
% Su

gar
-fr

ee 
medium +

50
% H

igh
-su

gar
 m

edium

50

100

Ce
ll 

vi
ab

ili
ty

 (%
)

200

150

250

10
0%

 H
igh

-su
gar

 m
edium

(f)

0

50

100

Ce
ll 

vi
ab

ili
ty

 (%
)

200

150

si-
MDH1-1

 

si-
MDH1-1

 + si-
MDH2-1

si-
MDH2-1

 

si-
NCW

T

OE-N
C

OE-M
DH1

OE-M
DH1 +

 O
E-M

DH2

OE-M
DH2

Primaty type II alveolar epithelial cells
(100% High-sugar medium)
⁎ ⁎ ⁎

⁎ ⁎ ⁎

(g)

0

50

100

NS NS

Ce
ll 

vi
ab

ili
ty

 (%
)

150

si-
MDH1-1

 

si-
MDH1-1

 + si-
MDH2-1

 

si-
MDH2-1

 

si-
NC

OE-N
C

OE-M
DH1

OE-M
DH1 +

 O
E-M

DH2

OE-M
DH2

Primaty type II alveolar epithelial cells
(100% High-sugar medium)

(h)

Figure 3: Continued.

10 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

OE-N
C

O
E-

N
C

EDU DAPI Merge

OE-M
DH1

O
E-

M
D

H
1

OE-M
DH1 +

 O
E-M

DH2

O
E-

M
D

H
1 

+
O

E-
M

D
H

2

OE-M
DH2

O
E-

M
D

H
2

⁎⁎⁎ ⁎⁎⁎ ⁎⁎⁎

0

10

5C
ell

s c
ou

nt
s

15

(i)

⁎⁎⁎

0

10
0%

 Su
gar

-fr
ee

100% Sugar-free medium

50
% Su

gar
-fr

ee 
+

50
% H

igh
-su

gar

20

40

Tr
an

s w
el

l c
el

l n
um

be
r

80

10
0%

 H
igh

-su
gar

50% Sugar-free medium +
50% High-sugar medium 100% High-sugar medium

24 h

(j)

0

50

100

Tr
an

s w
el

l c
el

l n
um

be
r

200

150

si-
MDH1-1

 

si-MDH1-1

si-
MDH1-1

 + si-
MDH2-1

si-MDH1-1 + si-MDH2-1

si-
MDH2-1

 

si-MDH2-1

si-
NC

si-NC

OE-N
C

OE-NC

24 h

24 h

OE-M
DH1

OE-MDH1

OE-M
DH1 +

 O
E-M

DH2

OE-MDH1 + OE-MDH2

OE-M
DH2

OE-MDH2

Primaty type II alveolar epithelial cells
(100% High-sugar medium)

⁎ ⁎

(k)

Figure 3: Continued.

11Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

acetylation, putting cells into a proanabolic state, thereby
promoting cell growth [18]. However, whether MDH1
and MDH2 increased the glucose uptake of primary AT2
cells by promoting glycolysis or other approaches
remained to be further confirmed [18].

MDH is a typical multisubstrate enzyme, and its catalytic
kinetic reaction mechanism is a strict sequential catalytic
mechanism, that is, in the presence of the coenzyme NADH
or NAD+, it must first bind to the coenzyme before it can be
combined with the substrate (oxaloacetate or malate) [19]
combined to catalyze the reaction, and then, oxaloacetate
must be released from the active site of the enzyme first,
and NAD+ or NADH is released, so it is called a typical
NAD+-dependent dehydrogenase [20]. Acid dehydrogenase
(ICDH, EC1.1.1.42) catalyzes the conversion of isocitrate
into α-ketoglutarate to generate NADPH [21]. Therefore,
the activities of MDH, G-6-PDH, and ICDH in vivo are
directly related to the level of NADPH production, thereby
controlling fat deposition in the body. Studies have shown
that NADPH-producing enzyme activity has a more direct
effect on the fat storage rate than the lean meat rate [22].
The activity of the NADPH-generating enzyme was posi-
tively correlated with the backfat thickness of live pigs [23].
The results of the study showed that the correlation coeffi-
cients between MDH and backfat thickness and lean meat
percentage were 0.36 and −0.612, respectively [24]. The
study found that using NADPH-producing enzyme activity
as an early selection index to select lean pigs has more
advantages than using backfat thickness as a selection index
and control body fat deposition [25]. Studies have shown
that NADPH-producing enzyme activity has a more direct
effect on the fat storage rate than the lean meat rate [26].
The activity of the NADPH-generating enzyme was posi-
tively correlated with the backfat thickness of live pigs [27].
Malate dehydrogenase is an extremely important oxidore-

ductase in the aerobic decomposition of the TCA cycle in
biological tissues. Malate can be oxidized to oxaloacetate in
the mitochondrial matrix, and oxaloacetate can be reduced
to malate in the cytoplasm [28]. MDH shuttles between
the matrix and the cytoplasm, maintaining a dynamic bal-
ance of enzymatic reactions. The MDH gene can regulate
the growth of muscle fibers. The expression level of the
MDH gene has a very significant positive correlation with
fatty acid synthesis in adipose tissue. The expression level
of the MDH gene was positively correlated with fatty acid
synthesis in adipose tissue.

The expression levels of adipose and subcutaneous adi-
pose inner layers of the back are the highest, and the expres-
sion levels are the lowest in the longissimus dorsi muscle and
the superficial adipose tissue of the heart; the order of MDH
gene expression in male Rongchang pig tissues from high to
low is as follows: abdomen subcutaneous fat, intermuscular
fat, outer layer of dorsal subcutaneous fat, perirenal fat,
lesser omentum, and inner layer of dorsal subcutaneous
fat; this gene has the highest expression in the intermuscular
adipose tissue of male Rongchang pigs and is expressed in
the longissimus dorsi muscle, lowest expression. The analy-
sis of the relative expression of the MDH2 gene in different
tissues of the same breed and same sex showed that the data
showed that the expression level was basically the highest in
the psoas major muscle. Relatively speaking, the expression
in each adipose tissue was lower than that in the muscle.
However, the expression of lesser omentum, perirenal fat,
and intermuscular fat in female Rongchang pigs was higher
than that in psoas muscle. Its specific mechanism of action
needs to be further studied. The trend of expression differ-
ences can be seen that the expression trends of MDH1 and
MDH2 genes in various tissues are basically the same in
male Landrace pigs, female Landrace pigs, male Rongchang
pigs, and female Rongchang pigs. The expression changes
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Figure 3: MDH1 or MDH2 promoted the proliferation and invasion of primary AT2 cells by promoting glucose uptake. (a, b) RT-PCR and
(c, d) WB were used to detect the effect of siRNA and overexpressed plasmid on AT2 cells. (e) MDH1 or MDH2 promoted the glucose
uptake of AT2 cells. (f) The proliferation of AT2 cells was dependent on glucose. (g, h) The effect of MDH1 or MDH2 on the
proliferation of AT2 cells was measured in (g) 100% high-glucose medium or (h) 100% glucose-free medium via CCK-8. (i) The effect of
MDH1 or MDH2 on the proliferation of AT2 cells was measured via EdU assays in 100% high-glucose medium. (j) The invasion of AT2
cells was dependent on glucose. (k, l) The effect of MDH1 or MDH2 on the invasion of AT2 cells was measured in 100% high-glucose
medium (k) or 100% glucose-free medium (l) via transwell assay. ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001; NS: no significance.
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in the outer layer, back subcutaneous fat, inner layer, and
abdominal subcutaneous fat and inmuscles (longissimus dorsi
and psoas major) were basically the same, and the expression
changes in visceral fat (perirenal fat, lesser omentum, cardiac
surface fat, and large muscle) were basically the same. The
omentum expression trends were significantly different.

In conclusion, MDH1 and MDH2 were substantially
reduced expression in the lung tissues of septic-ALI. The
upregulated MDH1 and MDH2 promoted the cell viability
of primary AT2 cells by enhancing its glucose uptake.
MDH1 and MDH2 are expected to be potential targets for
treating septic-ALI patients.
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Figure 4: MDH1 or MDH2 inhibited the apoptosis of primary AT2 cells by promoting glucose uptake. (a) The apoptosis ratio of primary
AT2 cells was detected in PBS- or LPS-treated mice. (b) The apoptosis of AT2 cells was dependent on glucose. (c) The effect of MDH1 or
MDH2 on the apoptosis of AT2 cells was measured in 100% high-glucose medium via flow cytometry. ∗∗∗P < 0:001.
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Aims. We use CTA and magnetic resonance data to use digital three-dimensional reconstruction and 3D printing technology to
reproduce the solid replication of the uterus and surrounding tissues in vitro, fully evaluate the adjacency of tumor tissues with
surrounding important organs, blood vessels, and lymph nodes, and reduce the impact. The normal organ structure and
function of the surgeon can shorten the operation time, reduce the bleeding during the operation, and reduce the perioperative
complications of the patient to improve the prognosis of the patient. Materials and Methods. Select 40 EC patients and divide
them into group A (3D reconstruction data is transmitted to 3D printing equipment according to the results of CTA and MRI
examination, and a 3D model is printed out according to the ratio of 1 : 1 for evaluation and judgment before surgery) and
group B (according to MRI imaging examination, there were 20 cases each). Different surgical conditions, quality of life,
adverse reactions, and clinical efficacy were evaluated in each group. Results. The operation time, the time of the first anus
exhaust, the hospitalization time after the operation, and the blood loss of the operation in group A were significantly lower
than those in group B. Statistics showed that the difference was significant (P < 0:05). The quality of life scores of emotion,
cognition, society, and overall health of group A were significantly higher than those of group B, while physical score, fatigue,
nausea, vomiting, and pain were lower than those of group B, which were statistically significant (P < 0:05). Both groups of
patients had complications after the operation, and they were asked to be followed up at the outpatient clinic 3 months after
the operation. All patients recovered well. There were 19 and 18 patients in groups A and B, respectively, complaining of
improvement in clinical symptoms, and the difference was not statistically significant (P < 0:05). Conclusion. With the support
of digital three-dimensional reconstruction and 3D printing technology, complex operations can be accurately performed,
improving the efficacy and safety of patients after EC surgery, improving patient outcomes and quality of life, improving EC
positioning accuracy, and reducing tumor residue.

1. Introduction

Surgery is the main treatment method for endometrial can-
cer (EC). Surgery for early EC is called full staging surgery.
This surgery involves the removal of lymph nodes near the
pelvic cavity and abdominal aorta. Lymphatic vessels are
the main metastasis route of gynecological tumors [1].
Lymphadenectomy is very important for the staging of EC,
identifying high risk factors for recurrence, survival progno-
sis, and whether it can benefit from chemotherapy or radio-
therapy. The key step of surgery is to identify blood vessels
and their adjacent structures, especially for variant blood

vessels [2]. Abdominal great vessel injury is not common
but it is fatal. It can make decisions about abnormal condi-
tions more effectively during the operation, thereby improv-
ing the accuracy and efficiency of abdominal para-aortic
lymphadenectomy. Surgery for advanced EC is called cytor-
eductive surgery. The smaller the residual tumor during the
operation, the better the postoperative prognosis. A number
of studies have also indicated that cytoreductive surgery can
achieve no residual to the naked eye, which can significantly
improve the overall survival of patients. How to remove all
primary and secondary tumors as much as possible is the
goal of cytoreductive surgery, which is why it needs to be
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sufficient assessment must be performed before EC surgery
to determine whether neoadjuvant chemotherapy is required
before surgery, to estimate the risk of surgery, and to do a
good job in preoperative doctor-patient communication
and perioperative treatment [3].

The specific application of digital 3D reconstruction
technology and 3D printing technology in clinical obstetrics
and gynecology is to perform abdominal and pelvic CTA
and MRI scans under conventional or specific sequence con-
ditions, collect all data and use biomedical software for 3D
reconstruction to construct a 3D abdomen and pelvic cavity
structure diagram, and then conduct detailed observations of
all-round, various systems or parts to provide clinicians with
more information for diagnosis, so consider the use of digital
three-dimensional reconstruction and 3D printing to assist
in EC surgery [4]. The digital 3D visualization model recon-
structed by applying digital 3D reconstruction technology
based on the CTA and MRI original data sets has the func-
tions of visualization, three-dimensionalization, and rota-
tion. The direction, mass, and the relationship between
important blood vessels and surrounding important organs
and blood vessels can be clearly understood. It is shown in
front of us to facilitate the design of surgery and guide the
implementation of surgery [5]. Digital three-dimensional
reconstruction and 3D printing technology provide precise
and detailed personalized anatomical data and guidance
basis for the precise implementation of surgery, which can
provide surgeons with more information during diagnosis
and treatment, so as to predict intraoperative conditions in
advance [6]. Use 3D printing models to explain to patients
and their families before surgery so that they have the
opportunity to understand their condition, surgery process,
and prognosis [7–9]. At present, there are some precedents
for the application of 3D printing technology in the field of
obstetrics and gynecology, but there is no report of the appli-
cation of this technology to EC surgery at home and abroad.
This study intends to conduct a clinical application study of
digital 3D reconstruction and 3D printing technology in EC
surgery and explore the clinical application of 3D printing
technology in surgery. The current research results are
reported as follows.

2. Material and Methods

2.1. General Information. The clinical data of 40 EC patients
who were treated in our hospital from January 2021 to July
2021 were selected as the subjects of this prospective study,

and according to the random number table method, they
were divided into group A and group B with 20 cases each.
Before the start of the study, the patients and their families
were informed of their informed consent in accordance with
the principles of voluntariness, confidentiality, benefit, and
harmlessness and approved by the medical ethics committee
of our hospital. In all cases, an experienced physician with a
senior professional title in obstetrics and gynecology per-
formed vaginal speculum, bimanual and triadic examina-
tions under the condition of emptying the bladder and
relaxing abdomen to determine the size of the tumor and
parauterine infiltration, strictly. According to the 2018
F1GO diagnostic criteria, each patient was accurately staged:
surgical treatment: phase I: total hysterectomy plus bilateral
appendage resection; stage II and stage III A: extensive total
uterus plus bilateral adnexectomy, pelvic lymphadenectomy,
and para-aortic lymph node sampling. General data such as
gender and age of the two groups of patients had no effect on
this test, as shown in Table 1. The records of all patients in
this study are kept in the hospital as required. The identity
of the patient is confidential. All patients gave informed con-
sent before enrollment, the content and process of the exper-
iment were introduced as well as related risks and possible
adverse reactions, and an informed consent form was signed
after obtaining the consent of the patients.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria: (i) all
patients in this study met the diagnostic criteria for uterine
fibroids in the “Chinese Expert Consensus on the Diagnosis
and Treatment of Uterine Fibroids” [10]. All selected
patients were women of childbearing age, and ultrasound
and MRI showed multiple uterine fibroids. (ii) There are
indications for surgery: accompanied by symptoms such as
abnormal menstruation, pelvic pain, or compression, uterine
fibroids are the cause of infertility and miscarriage, fibroids
grow too fast, etc. (iii) The patient has strong uterine reten-
tion willingness, agrees to surgery, has good communication
skills, and cooperates with follow-up after discharge. Exclu-
sion criteria: (i) those who refused to undergo surgery, com-
bined with severe heart, lung, liver, and kidney diseases, or
acute and chronic systemic and vaginal infections, combined
with FG00, type 1, and type 8 fibroids; (ii) relevant auxiliary
examinations indicated suspected pelvic malignancy, com-
bined with adenomyosis/tumor, related imaging examina-
tion and gynecological examination showed severe pelvic-
abdominal adhesions; (iii) the surgical method was changed
during the operation, and there was a history of myomec-
tomy, who could not cooperate with the follow-up.

Table 1: Comparison of general information between the two groups [nð�x ± sÞ].

Group Age (year) Height (cm) Weight (kg) Tumor diameter (cm)
Histological grade

Well
differentiated

Medium
differentiation

Poor
differentiation

Group A (20) 49:78 ± 3:32 161:78 ± 6:20 48:34 ± 2:65 4:51 ± 0:82 10 9 1

Group B (20) 50:62 ± 2:71 159:62 ± 5:21 47:26 ± 1:64 4:52 ± 0:81 11 7 3

χ2/t -0.877 1.193 1.550 -0.087 0.024 0.020 0.130

P 0.386 0.240 0.129 0.931 0.877 0.887 0.718
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2.3. Build a 3D Model. Acquisition of raw data (i) MRI scan:
use United Imaging uMR780 3.0T superconducting MR
scanner to perform horizontal, coronal, and sagittal multidi-
rectional scans. The layer thickness is set to 4mm, and the
layer spacing is 0-1mm. T2WI sagittal and transverse axis
TR 3938ms, TE 154.7ms, read FOV 240; fat suppression
T2WI coronal and transverse axis TR 4630ms, TE
113.6ms, read FOV 240. The horizontal axis of FSE-T1WI
is TE 735ms, TR 10.92ms, and the readout FOV is 350.
DWI (Diffusion Weighted Imaging) horizontal axis, b value
is 50,800, read FOV 350. 3D sagittal DYN dynamic enhance-
ment, TR 4.1ms, TE 1.87, read FOV 300, a total of 12 scans
in the same scan slice. (ii) CTA scan: a GE Optima660 64-
slice spiral CT scanner is used. The patient was placed in a
supine position, and the scan ranged from the upper edge
of the twelfth thoracic vertebra to the upper femur. Tube
voltage is 120 kV, automatic tube current. The layer thick-
ness is 0.625mm and the pitch is 1.375. Iohexol (containing
350mg/ml of iodine) was used as the enhanced scanning
contrast agent, and the injection flow rate was 3.5ml/s. Scans
were performed in the arterial phase, portal phase, and
delayed phase. The arterial phase adopts the contrast
medium tracking technology. When the CT value of the
abdominal aorta is greater than/equal to 120HU, the scan
is triggered. The venous phase starts scanning at about 55-
60 s after the drug is sprayed, and the delay period starts at
about 240 s.

3D modeling and graphics processing: input the patient’s
CTA scan and magnetic resonance result data into the
Mimics 20.0 computer software and then reconstruct
according to the image scan result, transfer the data to the
3D printing device, and print out the model according to
the ratio of 1 : 1. The material used is ABS engineering plas-
tics (ABS) to reshape the three-dimensional model. The
printer supporting software is Maker Ware™ Bundle 2.0.

2.4. Surgical Methods. The surgical method for the two
groups of patients was total hysterectomy plus bilateral
appendage resection for stage I patients, extensive hysterec-
tomy plus bilateral appendage resection for stage II and III
A patients, and pelvic lymphadenectomy and para-aortic
lymph node sampling surgery. The chief surgeon used differ-
ent anatomical information references for the two groups to
guide the operation. During the operation of group A, the
chief surgeon referred to the corresponding 3D printed
model to guide the operation, and during the operation of
group B, the chief surgeon referred to the corresponding
B-ultrasound results, MRI film, and report. Guide the surgi-
cal operation. All patients underwent intravenous general
anesthesia under tracheal intubation, took the position of
bladder lithotripsy, head low buttock high, disinfection and
spreading sterile towels followed conventional bladder
lithotomy. The specific surgical process will not be described
in detail and has no effect on this study.

2.5. Observation Indicators. During the operation, gauze
strips were used to stop bleeding, and the difference in the
weight of the gauze strips between wet and dry conditions
was used to estimate the amount of bleeding. Quality of life

score: the quality of life measurement scale (WHOQOL-100)
is used as a postoperative quality of life questionnaire for
patients. The patient will be followed up by telephone after
3 months of treatment to evaluate the quality of life: the core
scale for cancer patients is used for evaluation. The core scale
(EORTC QLQ2C30) is a system for measuring the quality of
life of cancer patients developed systematically by the Euro-
pean Organization for Research and Treatment of Cancer
(EORTC). There are 30 items in total. Article 29 and Article
30 are divided into 7 levels. The answer options range from 1
to 7 points; the other items are divided into 4 levels: from
nothing to a little bit, to more than 4 points, 1 to 4 points
directly, usually divided into several aspects. There are 15
domains, divided into 4 functional domains: physical, cogni-
tive, emotional, and social functions, 3 symptom domains
such as fatigue, pain, nausea, and vomiting, 1 overall health
status/quality of life domain, and 6 individual domains (each
as a domain), add the scores of the items contained in each
domain, and divide by the number of items contained in
the domain to get the score of the domain. Significance of
the scoring rules: the more the score for function and overall
health, the better the function and the quality of life, the
higher the score for symptoms, the more the patient’s symp-
toms of discomfort and the worse the quality of life. Cron-
bach’s α values measured before use were all greater than
0.914. Patients or their accompanying family members
should fill in the information independently before treat-
ment and 3 months after treatment without being affected
by any internal or external factors. The test will be com-
pleted within 57 minutes.

2.6. Statistical Analysis. All statistical data in this study were
entered into Excel. Each parameter data is mentioned as
mean ± SD and statistically analysed by employing one-way
ANOVA followed Tukey’s multiple comparisons post hoc
test. Comparison was made within the group for before
and after the drug treatment and between the groups for
after drug treatment effect. P < 0:05 is considered as statisti-
cally significant.

3. Results

3.1. General Information Comparison. The age, height,
weight, tumor diameter, histological grade, and other gen-
eral data of the two groups of patients were not significantly
different by t-test and chi-square test (P > 0:05). See Table 1.

3.2. Comparison of Surgical Conditions. During the perioper-
ative period, the operation time and surgical blood loss of
group A were significantly lower than those of group B
(P < 0:05). After the operation, the hospitalization time after
the operation and the time of the first anus exhaust of the
patients in group A were significantly lower than those in
group B. Statistics showed that the difference was significant
(P < 0:05). See Figure 1.

3.3. Comparison of Quality of Life Scores. The two groups of
patients were followed up after 3 months of treatment to
evaluate the quality of life of the patients. The quality of life
scores of the patients in group A, such as emotional score,
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cognitive score, social score, and overall health score, were
significantly higher than those in group B. The scores of
nausea and vomiting and pain scores were lower than those
of group B, which were statistically significant (P < 0:05). See
Figure 2.

3.4. Complications and Follow-Up Analysis. Both groups of
patients had complications after the operation, and they
were asked to be followed up at the outpatient clinic 3
months after the operation. All patients recovered well.
There were 19 and 18 patients in groups A and B, respec-
tively, complaining of improvement in clinical symptoms,
and the difference was not statistically significant (P < 0:05).

3.5. Typical Cases. Wang Mou, 45 years old, was admitted to
the hospital due to “irregular vaginal bleeding for more than
half a month.” Ultrasound revealed an enlarged uterus
(about 11:2 cm × 5:9 cm × 9:4 cm) and a heterogeneous echo
group in the uterine cavity, about 9:8 cm × 4:6 cm in size; the
boundary is clear, the internal echo is chaotic, and irregular
anechoic areas can be seen. The proposed diagnosis is “post-
menopausal vaginal bleeding, the cause is yet to be investi-
gated. EC has not been ruled out” and admitted to the
hospital. Examination found fracture invasion and cervical
cancer, parauterine tissue ligaments, appendages or lymph

nodes significantly enlarged, triad examination showed pal-
pable hard or enlarged cervical canal, main ligament or slid-
ing belt thickened and decreased elasticity, appendage mass
and swollen and fixed lymph nodes at the pelvic wall. This
case is an EC patient. MRI findings: T1W image shows that
the tumor and uterine muscle are isosignal. T2W is like a
tumor with a medium-to-high signal intensity. The signal
intensity is between the normal endometrium and the uter-
ine muscle. After the enhanced scan, the blood supply of
the tumor is lower than that of the normal uterine muscle.
Signal, segmental interruption of the uterine junction is
invaded by the muscle layer (Figure 3). The three-
dimensional reconstruction results show that the cervix is
enlarged and the blood supply is abundant. The blood is sup-
plied by the descending branches of the bilateral uterine arter-
ies, the left internal pudendal artery, and the right vaginal
artery (Figure 4). In 3D printing, plastic model results clearly
show the tumor’s anatomical location and adjacent relation-
ship with surrounding tissues. The model is based on three-
dimensional reconstruction data, so the anatomical position
of the tumor and the relationship with surrounding organs
and blood vessels are the same as the three-dimensional recon-
struction results. Through three-dimensional reconstruction
combined with 3D printing, combined with dynamic images
and static models, it assists in preoperative tumor positioning,
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Figure 1: Comparison of surgical conditions.
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judging the involvement of surrounding vital organs and large
blood vessels, and formulating a preoperative plan (Figure 5).

4. Discussion

Myomectomy can not only preserve the fertility of the
patient, but more importantly, it can maintain the physio-

logical function of the uterus and the integrity of the ana-
tomical structure of the pelvic floor, with the physical and
mental health of the patients [11]. LM has the advantages
of short hospital stay, less postoperative pain, less local adhe-
sion, beautiful incision, and quick postoperative recovery,
and its clinical application is becoming more and more
extensive. 3D printing technology is a rapid prototyping
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Figure 2: Comparison of quality of life scores between the two groups (∗P < 0:05).

Figure 3: MRI image of the abdomen. There are soft tissue density tumors in the uterine cavity; the density of which is lower than that of the
strengthened normal uterine muscle. The tumor is cauliflower-like or nodular, and the surrounding can be surrounded by lower-density
intrauterine effusion. When the tumor invades the muscle layer, it strengthens. The normal uterine muscle has limited or diffuse low
density, thinning of the muscle layer, and tumor invasion often manifests as blurred uterine edges or soft tissue strips or nodules.
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manufacturing technology that can turn virtual 3D recon-
struction models into reality. Its biggest advantage is that it
is not limited by the shape of molds and objects. In theory,
objects of any shape can be printed, and the supported print-
ing consumables are extremely high. Abundant, suitable for
the manufacture of individualized, small batch products
[12], since its emergence in the 1990s, the application of
3D printing technology has been active in manufacturing
and other fields. Over time, the advancement of technology
and the development of materials have prompted this tech-
nology to break through the field of industrial mold
manufacturing [13]. The current exploration of 3D printing
technology has penetrated into all aspects of the medical
field. From the most basic medical model making to the
most cutting-edge 3D bioprinting, it has shown quite broad
development prospects. This technology is often used clini-
cally to print organ models of specific cases as samples for
anatomical cognition and surgical assistance. Since the
lesion parts of different cases are different and the structure
of human organs itself is complex, 3D printing technology is
used in medical application scenarios. Compared with tradi-
tional manufacturing technology, it has incomparable
advantages in flexibility, economy, time saving, etc., and it
fits perfectly with the concepts of precision medicine and
individualized medicine [14].

In this study, the operation time, first anal exhaust time,
postoperative hospital stay, average number of myomec-
tomy, and surgical blood loss were significantly lower in
group A than in group B, suggesting that when all or most
of the myomas were removed, there is significant relief of
the mass effect of fibroids, so that the uterus can return to
normal shape and function, and improved related clinical
symptoms. The comparison of the data of the two groups
in this study can confirm that the 3D model does play an
important role in adjuvant LM in the treatment of multiple
fibroids. The improvement of fibroid localization accuracy
reduces the possibility of residual and recurrence of fibroids
[15]. The lack of palpation feel of LM was a common limita-
tion of the two groups. The traditional MRI images used in
group B were not intuitive, and the location of multiple
fibroids was unclear, which easily led to the omission of tiny
fibroids.

In this study, there was no significant difference in ovar-
ian function-related indicators between the two groups of
patients before treatment. After treatment, the recovery of
estradiol, follicle-stimulating hormone, and luteinizing hor-
mone in group A was better than that in group B, suggesting
the ascending branch of the arteries. Ovarian function-
related hormone levels were not significantly changed in
patients with occlusion; that is, ascending artery occlusion

Figure 4: Three-dimensional reconstruction image of the uterus and main blood vessels. The pelvic mass is located on the right side and has
a clear boundary with the uterus. The right ovarian artery is visible and thickened, but it bypasses the surface of the mass. The blood flow
inside the mass is extremely sparse, and there is no obvious vascular network.

Figure 5: 3D printed EC model and pictures of surgically removed tumors.
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may not affect ovarian function in patients. Ascending artery
occlusion did not significantly change the quality of sexual
life of patients, which may be related to the fact that ascend-
ing artery occlusion did not change the level of hormones in
the ovary of patients. This study is aimed at using 3D print-
ing technology to reproduce the uterus and uterine fibroids
in vitro, determine the scope of preoperative lesions, and
complete preoperative doctor-patient communication, sur-
gical plan planning, and preoperative rehearsal, so as to
make the surgical operation process easier. It is carried out
smoothly, minimizing the impact on the structure and func-
tion of the uterus of the recipient, reducing the probability of
postoperative complications and the possibility of recur-
rence, and reducing the impact on the patient’s pregnancy
and normal uterine physiology. At present, 3D printing
technology is widely used in many fields such as medicine,
aviation, and education and gradually shows its advantages
in the medical field. Now, with the advantages of customiza-
tion of 3D printing technology, it is possible to design indi-
vidual differentiated treatment plans [16]. 3D printing
technology has been studied in the fields of lung cancer, gas-
trointestinal malignant tumor, bone tumor, kidney tumor,
biliary tract tumor, and other fields, and the effect is remark-
able, and the results have been unanimously affirmed [17].
There are relevant mature technologies in these two aspects,
and we always pay attention to the most cutting-edge
research progress in the world. At present, the previous
operation has been carried out and achieved ideal results,
which proves that the research plan is feasible. The applica-
tion of 3D printing technology in laparoscopic myomectomy
has reached the domestic advanced level; through the appli-
cation of this technology, precision surgery is carried out, in
order to reduce intraoperative bleeding and injury, shorten
the operation time, reduce patient recurrence, reduce patient
costs, etc. It can be popularized and applied at the grassroots
level [18–21].

This study has some shortcomings due to the lack of
resources in the selected hospital. First, the production cost
of 3D printing models is still relatively high. Due to specific
conditions such as funding, the number of samples included
in this study is small, which may cause certain statistical
problems, bias. Secondly, because the production process
of color 3D printing is more complicated, the production
cycle of the model is longer (about 5 days on average). If
the research team can obtain the model earlier, it can gain
more time for understanding the condition and improving
the surgical plan; finally, because the density of the uterus,
fibroids, and the adjacent soft tissue is close, the threshold
range is not clear, the modeling is difficult, and this step
depends on the participation of radiologists, due to the
insufficient follow-up period in this study, so the postopera-
tive pregnancy rate cannot be followed up for the time being.
Although the application of 3D printing technology in mak-
ing medical models and assisting surgical operations is rela-
tively mature, its application in the field of obstetrics and
gynecology is still rarely reported, and its effect still needs
more relevant clinical research to confirm. In summary,
3D printing provides a uterus and its fibroid model with
the characteristics of three-dimensional, vivid, and high

reduction, which improves the positioning accuracy of mul-
tiple fibroids, reduces the probability of residual and recur-
rence of fibroids, and helps to improve the efficacy,
efficiency, and safety of surgery.

5. Conclusion

In summary, the use of digital three-dimensional recon-
struction and 3D printing technology can guide the precise
operation of surgery, improve the efficacy and safety of
patients after EC surgery, improve patient recovery and
quality of life, improve the positioning accuracy of EC sur-
gery, and guide surgery which has a certain effect.
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Objective. This research is aimed at analyzing the safety profile and nursing highlights of continuous renal replacement therapy
(CRRT) for hypertension (HT) complicated by refractory heart failure (RHF). Methods. Sixty-six HT + RHF patients admitted
between March 2018 and December 2021 were enrolled and assigned to two groups: a CRRT group with 33 cases treated with
CRRT and a control group with 33 cases intervened by routine treatment. The therapeutic effect and alterations of cardiac
function (CF) indexes were observed in both cohorts. Besides, statistics were made in terms of serum B-type natriuretic
peptide (BNP), C-reactive protein (CRP) and mean arterial pressure (MAP) concentrations, time of asthma relief, heart rate
recovery (HRR), edema resolution, and hospitalization, as well as incidence of adverse reactions (ARs). Finally, pre- and
posttreatment psychological quality and pain of both cohorts of subjects were assessed using the self-rating anxiety and
depression scale (SAS and SDS) and visual analogue scale (VAS), respectively. Results. CRRT group exhibited higher overall
response rate and better CF than control group (P < 0:05), with lower BNP, CRP, and MAP levels, and shorter time of asthma
relief, HRR, edema resolution, and hospitalization (P < 0:05); the incidence of ARs was similar (P > 0:05); for both groups, the
scores of SAS, SDS, and VAS reduced statistically after treatment (P < 0:05). Conclusion. CRRT can effectively improve the
therapeutic effect and CF of patients with HT complicated by RHF, to protect the health and safety of patients.

1. Introduction

Hypertension (HT) is an extremely prevalent chronic dis-
ease among the middle-aged and elderly; the clinical mani-
festations are paroxysmal or persistent dizziness, headache,
insomnia, memory loss, and limb numbness, which have a
serious impact on the quality of life and physical and mental
health of patients [1]. Cardiocerebral disorders and renal
dysfunction are common complications in hypertensive
patients [2]. HT has been confirmed as the major risk factor
for heart failure (HF), and due to the high age of hyperten-
sive patients and the deterioration of physical functions,
HF often develops into refractory critical diseases, and it is
manifested as continuous aggravating palpitations, dyspnea,
chest tightness, asthma, etc., which eventually lead to large-

area myocardial infarction or myocardial fibrosis, posing a
serious threat to patients’ life safety [3]. Refractory heart fail-
ure (RHF) is in the severe stage of HF, when the renal blood
flow is significantly reduced, accompanied by abnormal
blood flow distribution, renal interstitial edema, and obvi-
ously decreased glomerular filtration rate, which can directly
cause acute renal failure in severe cases [4]. This process can
also lead to a substantial decline in cardiac output, most of
which are accompanied by compensatory enhancement of
neurohumoral factor activity and vasoconstriction, further
increasing the cardiac load and aggravating the pathological
development of RHF [5]. Therefore, correcting the renal
blood flow in RHF is of great significance for disease treat-
ment. Affected by RHF, the sensitivity of the patient’s kidney
to diuretics is greatly reduced that has been unable to meet
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the treatment requirements [6]. Besides, due to the influence
of neuroendocrine system activation, diuretic resistance,
electrolyte disorder, and other factors, there is an urgent
need to find a safer and more effective treatment in clinical
practice [7].

At present, comprehensive treatment is mostly adopted
for the clinical treatment of HT complicated by RHF clini-
cally (HT + RHF); although it has certain therapeutic effect,
the occurrence of adverse reactions (ARs) in the long-term
treatment process worsens the final prognosis of patients
[8, 9]. Therefore, the clinic is urgently looking for a more
effective RHF treatment method, to protect the life safety
of patients. With the continuous progress of medical tech-
nology, continuous renal replacement therapy (CRRT) has
gradually become an important therapy for the treatment
of critical diseases. Through extracorporeal circulation blood
purification technology, water and solute are continuously
and slowly removed to achieve the goal of stabilizing blood
circulation and reducing the mortality of critically ill
patients [10], such as CRRT reduces the mortality of patients
with acute kidney injury and can effectively treat severe
hyperkalemia [11, 12] and so on. CRRT has been increas-
ingly applied to the treatment of HF, with many studies indi-
cating its favorable efficacy in HF that is superior to
conventional treatment; meanwhile, the application of nurs-
ing intervention has a positive effect on improving patient
outcomes [13, 14]. However, little is known about the safety
profile of this therapy in HT + RHF. Consequently, this
paper evaluates the safety of CRRT in HT + RHF patients
and analyzes the nursing highlights, to provide reliable evi-
dence and methods for future clinical management of HT
+ RHF.

2. Materials and Methods

2.1. Study Area. The study was carried out of from March
2018 to February 2022.

2.2. Data Collection. With the approval of the Ethics Com-
mittee of our hospital, 66 HT + RHF patients admitted
between March 2018 and December 2021 were enrolled
and grouped as follows: a CRRT group with 33 cases treated
with CRRT and a control group with 33 cases intervened by
routine treatment. Additionally, all patients accepted indi-
vidualized nursing strategies for blood purification tailored
treatment formulated by our hospital. The eligible patients,
all aged ≥50, met the diagnostic criteria of HT + RHF [15,
16] and agreed to receive CRRT treatment, with complete
medical records, high compliance, and voluntary participa-
tion in this trial. In contrast, hospital referrals or those with
communication barriers, physical impairment, other major
diseases, infectious diseases, or short survival time were
excluded.

2.3. Treatment Strategies. Control group: patients underwent
a series of routine tests after admission. Their blood pressure
(BP) and intracranial pressure were controlled to prevent
complications. In addition to real-time monitoring of BP
and blood oxygen, routine treatments such as cardiotonic,

diuresis, vasodilator, and angiotensin-converting enzyme
inhibitors were applied. Then, 25mg sodium nitroprusside
was added into 5% glucose solution for slow intravenous
drip (6-12 drops/min), and the solution was changed every
6-8 hours. The treatment lasted for 14 days. CRRT group:
based on the above treatment, patients in this group were
given CRRT. The femoral vein double-lumen hemodialysis
catheter was used to establish vascular access. All patients
were treated with continuous veno-venous hemofiltration
(CVVH), using AQU, Flex, ACH-10 pipelines, as well as
MT-100, AEF-13, and HF1200 filters, with low molecular
heparin anticoagulation as the main treatment. Each treat-
ment lasted for 8 hours for a total of 14 days. Patients’ vital
signs, coagulation function, and electrolyte status were
closely monitored, and corresponding adjustments were
made according to patients’ different reactions.

2.4. Nursing Strategies. Both groups received intensive care.
After admission, the medical staff monitored the patients’
BP, blood sugar, heart rate, and other vital signs three
times a day and recorded them. In addition, health educa-
tion was carried out for patients and their accompanying
families to help them understand the disease, build up
confidence, and improve treatment compliance. Further-
more, the medical staff paid attention to the presence of
anxiety, nervousness, and other adverse emotions in
patients and conducted timely communication and guid-
ance to ease their mood and give them care and encour-
agement. Furthermore, the intravenous indwelling needle
was selected when possible, the inspection of patients
was strengthened, and the liquid medicine was replaced
in time; oral care such as oxygen inhalation and sputum
aspiration was provided for patients in need. Since infu-
sion pump administration requires patients to stay in
bed for a long time, HT + RHF patients have limited
activities and are at high risk of pressure ulcers. Therefore,
the nursing staff carried out a dynamic risk assessment of
pressure ulcers and gave timely and reasonable interven-
tions. What is more, the ward was ventilated regularly,
and patients and their families were guided on standard-
ized and reasonable diet, as well as infection prevention.
Moreover, patients were encouraged to exercise moderately
within their physical tolerance to prevent muscle atrophy.
And according to the different needs of patients, corre-
sponding intervention guidance was given in a timely
manner until they were discharged from hospital.

2.5. Endpoints. The outcome measures were as follows [17]:
(1) therapeutic effects (markedly effective: BP returned to
normal, with alleviated HF symptoms and significantly
improved cardiac function (CF); effective: the BP was signif-
icantly reduced, with certain improvement in HF symptoms
and CF; ineffective: no obvious changes in BP, symptoms,
etc., the total effective rate = ðmarkedly effective + effectiveÞ/
total × 100%); (2) alterations of CF indexes after treatment:
left ventricular ejection fraction (LVEF), left atrial pressure
(LAP), cardiac index (CI), stroke volume (SV); (3) serum
levels of B-type natriuretic peptide (BNP), C-reactive protein
(CRP), and mean arterial pressure (MAP) after treatment;
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(4) clinical indices: asthma relief time, heart rate recovery
(HRR) time, edema resolution time, and hospitalization time;
(5) incidence of ARs (incidence of ARs = number of adverse
reactions/total number × 100%); (6) psychological quality
and pain: psychological quality and pain before and after the
intervention were assessed using the self-rating anxiety and
depression scale (SAS and SDS) [18] and visual analogue scale
(VAS) [19], respectively. The higher the SAS and SDS scores,
the more severe the patient’s anxiety and depression; the
higher the VAS score, the more obvious the patient’s pain.

2.6. Statistical Processing. Data processing employed
SPSS22.0. The intergroup difference of count data (denoted
by percentage) used the chi-square test. The quantitative
data were given (mean ± standard deviation), and the t test
and paired t test were used to analyze the data that con-
formed to a normal distribution. For all analyses, differences
were significant when P values < 0.05.

3. Results

3.1. Summary of Results. CRRT group exhibited higher over-
all response rate and better CF than control group (P < 0:05
), with lower BNP, CRP, and MAP levels, and shorter time of
asthma relief, HRR, edema resolution, and hospitalization
(P < 0:05); the incidence of ARs was similar (P > 0:05); for
both groups, the scores of SAS, SDS, and VAS reduced sta-
tistically after treatment (P < 0:05).

3.2. Patients’ General Information. Patients’ general data,
including age, BMI, course of HT, sex, exercise habits, living
environment, and ethnicity, were collected. After statistical
analysis, we found no statistical difference in general data
between groups (P > 0:05, Table 1), confirming the experi-
mental comparability of the two groups.

3.3. Therapeutic Effects of Two Groups. After treatment, the
number of cases of markedly effective, effective, and ineffec-
tive in CRRT group was 18 (54.55%), 13 (39.39%), and 2
(6.06%), respectively, with an overall response rate of
93.94%, versus 75.76% in control group. Apparently, the
therapeutic effect was statistically higher in CRRT compared
with control group (P < 0:05, Table 2).

3.4. Alterations of CF Indexes after Treatment. After treat-
ment, the LVEF of CRRT group was (36:84 ± 7:06)%, higher
than that of (33:26 ± 7:49)% in control group (P < 0:05,
Figure 1(a)); the LAP of CRRT and control group groups
was (12:87 ± 4:69) mmHg and (17:54 ± 5:96) L/min/m2,
respectively, indicating a significantly lower posttreatment
LAP in CRRT group (P < 0:05, Figure 1(b)); the intergroup
comparison of CI revealed a higher posttreatment CI in
CRRT group compared with control group (P < 0:05,
Figure 1(c)); finally, it can be seen that the SV value of CRRT
group was (63:55 ± 9:70) mL, which was also higher when
compared to control group (P < 0:05, Figure 1(d)).

3.5. Changes of Clinical Indices. The asthma relief time of
CRRT and control groups was (3:7 ± 0:9) d and (5:9 ± 1:1)
d, respectively, revealing notably faster asthma relief in

patients treated with CRRT (P < 0:05, Figure 2(a)). The
HRR time of CRRT group was (8:3 ± 1:2) d, shorter than
that in control group (P < 0:05, Figure 2(b)). Comparing
the edema resolution time, we also found that CRRT group
took less time to resolve edema than control group
(P < 0:05, Figure 2(c)). Shorter hospitalization time was also
determined in CRRT group compared with control group
(16:1 ± 2:4) d vs. (20:7 ± 1:8) d, with statistical significance
(P < 0:05, Figure 2(d)).

3.6. Serum Indexes and MAP Levels in Both Groups after
Treatment. The BNP levels in both cohorts were detected
after treatment, and a notably higher BNP level was deter-
mined in CRRT group (529:00 ± 65:75) μg/L compared with
control group (P < 0:05, Figure 3(a)). Similarly, the CRP of
CRRT group was (12:40 ± 1:33) mg/L, lower than that of
the control group (P < 0:05, Figure 3(b)). Finally, the MAP
were counted and the results determined a markedly lower
MAP in CRRT group versus control group (P < 0:05,
Figure 3(c)).

3.7. Incidence of ARs in Two Groups. According to statistics,
no serious ARs occurred in both cohorts of patients during
the treatment. In CRRT group, nausea and vomiting,
abdominal pain, hypotension, and gingival bleeding were
found in 1 case each, with a total AR rate of 12.12%; while
in control group, the above ARs were observed in 2, 2, 0,
and 1 case, respectively, with an overall AR rate of 15.15%.
The two groups showed no statistical difference in the AR
rate (P > 0:05, Table 3).

3.8. Alterations of Psychological Quality and Pain in Both
Groups before and after Treatment. Both groups showed
adverse emotions such as depression and anxiety and strong
pain before treatment, with no evident difference in SAS,
SDS, and VAS scores (P > 0:05). Nor were there any notable
differences in the above scores between them after treatment
(P > 0:05), but compared with the baseline (before treat-
ment), the scores of SAS, SDS, and VAS in both groups
reduced statistically (P < 0:05, Figures 4(a)–4(c)).

4. Discussion

CRRT, as a blood purification technology widely used in
clinical practice, has achieved remarkable results in the car-
diovascular field [20]. CRRT has been found to reduce car-
diac load, stabilize CF, restore the body’s (especially
kidney) sensitivity to diuretics, and improve oxygen supply
and RHF status [21]. Therefore, an in-depth exploration of
the application of CRRT in RHF may provide a more reliable
safety guarantee for RHF patients in the future.

In this study, we observed better therapeutic effects in
RHF patients treated with CRRT, with significantly
improved CF after treatment and shorter time of asthma
relief, HRR, and hospitalization, confirming the excellent
application effect of CRRT on RHF, which is consistent with
the results of previous studies [22, 23]. Compared with rou-
tine hemodialysis treatment, CRRT can more effectively
remove fluid and stabilize hemodynamics while regulating
fluid balance through continuous and slow blood
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Table 1: General information.

CRRT group (n = 33) Control group (n = 33) χ2 or t/P

Age 69:5 ± 6:2 69:9 ± 6:0 0.266/0.791

BMI (KG/m2) 27:0 ± 2:5 27:8 ± 1:7 1.520/0.133

Duration of hypertension (years) 5:2 ± 2:0 5:4 ± 1:4 0.668/0.507

Gender 0.062/0.804

Male 19 (57.58%) 18 (54.55%)

Female 14 (42.42%) 15 (45.45%)

Exercise habits 0.061/0.806

Yes 17 (51.52%) 16 (48.48%)

No 16 (48.48%) 17 (51.52%)

Living environment 0.262/0.609

In the city 20 (60.61%) 22 (66.67%)

In rural areas 13 (39.39%) 11 (33.33%)

Nationality 0.569/0.451

Han nationality 30 (90.91%) 28 (84.85%)

Minority 3 (9.09%) 5 (15.15%)

Table 2: Clinical curative effects.

Group n Markedly effective Effective Ineffective Overall response rate

CRRT group 33 18 (54.55%) 13 (39.39%) 2 (6.06%) 31 (93.94%)

Control group 33 10 (30.30%) 15 (45.45%) 8 (24.24%) 25 (75.76%)

χ2 4.243

P 0.039a
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Figure 1: Alterations of CF indexes after treatment. (a) Comparison of LVEF between CRRT group and control group. (b) Comparison of
LAP between CRRT group and control group. (c) Comparison of CI between CRRT group and control group. (d) Comparison of SV
between CRRT group and control group. Note: # indicates that the difference between the two groups is statistically significant (P < 0:05).
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purification, with no obvious impact on the cardiovascular
system [24]. Moreover, the hemofilters used in CRRT have
the advantages of good compatibility, strong adsorption
capacity, and permeability, allowing them to adsorb or
remove inflammatory factors as well as small and medium

molecular toxins, thus inhibiting the high decomposition
state and keeping the balance of water, electrolyte, and
acid-base [25]. At the same time, CRRT has the characteris-
tics of favorable safety, high tolerance in patients, and high
success rate of treatment and is simple to operate and can
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be implemented at the bedside, especially for critically ill
patients [26]. It is pointed out that the long duration of rou-
tine hemodialysis has a great influence on hemodynamics
and even the therapeutic effect and may cause arrhythmia,
hypotension, and even aggravation of HF and other ARs
[27]. This is also consistent with our findings, indicating that
CRRT is more suitable for the treatment of RHF. Moreover,
CRRT is shown to remove inflammatory mediators released
in large quantities due to HF-induced cardiomyocyte injury
and necrosis, protect the functions of cardiomyocytes and
vascular endothelial cells, and promote the recovery of CF
[28], which may be one of the reasons for the better
improvement of patients with CRRT. Compared with previ-
ous research results [29, 30], the excellent therapeutic effect
of CRRT can just make up for the limitations of insufficient
clinical treatment plans and poor therapeutic effect for RHF
at this stage and provide more reliable treatment services for
RHF patients, guaranteeing life safety of RHF patients.

In addition, lower posttreatment BNP, CRP, and MAP
were observed in CRRT group versus control group, which
can also testify the improvement effect of CRRT on RHF.

We believe that CRRT plays the role of solute clearance by
means of convection and dispersion and introduces arterio-
venous blood into the semipermeable membrane filter with
good permeability, in which the small molecular weight sol-
ute and water can clear the solute and water through the
pressure gradient on both sides of the semipermeable mem-
brane, thus reducing the burden on heart and kidney, keep-
ing blood in a balanced state, restoring myocardial elasticity,
improving CF, and reducing the synthesis and release of
BNP and inflammatory factors [31–34]. However, its specific
mechanism needs to be confirmed by further studies. There
was no difference in ARs between the two groups, which
indicates that CRRT has good safety. However, an expanded
sample size is also needed for confirmation. Finally, since the
application of CRRT in RHF is not common at present, tar-
geted nursing strategies are also the focus of clinical atten-
tion. Combined with previous research and nursing
experience, this study mainly focused on the psychological
state, pain, and rehabilitation training of patients treated
with CRRT. The experimental results showed decreased
scores of SAS, SDS, and VAS in both cohorts after treatment,

Table 3: Adverse reactions of two groups.

Group n Feel sick and vomit Stomach ache Low blood pressure Bleeding gums ARs

CRRT group 33 1 (3.03%) 1 (3.03%) 1 (3.03%) 1 (3.03%) 4 (12.12%)

Control group 33 2 (6.06%) 2 (6.06%) 0 (0.00%) 1 (3.03%) 5 (15.15%)

χ2 0.129

P 0.720
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Figure 4: Alterations of psychological quality and pain in both groups before and after treatment. (a) Comparison of SAS scores before and
after treatment. (b) Comparison of SDS scores before and after treatment. (c) Comparison of VAS scores before and after treatment. Note: #

indicates that there is a statistically significant difference between the same group and the same group before treatment (P < 0:05).
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which preliminarily indicated the successful implementation
of the nursing program. Modern medical services are not
only limited to the pathological treatment of patients’ dis-
eases but also need to pay attention to the physical and psy-
chological rehabilitation of patients in an all-round way [35,
36]. Therefore, more meticulous, professional, and individu-
alized nursing services play an extremely critical role in it
[33, 37]. For RHF patients with more severe disease, difficult
treatment and poor prognosis, it is more worthwhile to
adopt a unique nursing strategy. The targeted care for CRRT
in this study also successfully improved the patient’s psycho-
logical state and reduced the patient’s pain experience dur-
ing treatment, which is of great significance to improving
the current overall medical service. However, due to the lack
of nursing guidelines for CRRT at present, there may still be
room for improvement in this nursing program. Further
research will be carried out on the nursing of RHF patients
treated with CRRT.

In future studies, we also need to increase the number of
cases and extend the study cycle to evaluate the impact of
CRRT on patient outcomes and obtain more comprehensive
results. At the same time, the improvement mechanism of
CRRT on various functions of RHF patients is still worth
further exploring, which will also be the focus of our
follow-up research.

5. Conclusion

CRRT can effectively improve the therapeutic effect and CF
of patients with HT complicated by RHF, with extremely
high clinical application value.
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Aims. To observe the clinical efficacy of self-made Lifei Dingchuan decoction combined with western medicine in the treatment of
cough variant asthma (phlegm-heat accumulation in the lung syndrome). Materials and Methods. The clinical data of 90 patients
with cough variant asthma who were hospitalized in the Department of Respiratory Medicine of our hospital from January 2020 to
April 2022 were selected as the research objects, and they were equally divided into the observation group and the reference group
according to different treatment methods, 45 cases in each group. The group was treated with traditional montelukast sodium
chewable tablet and salmeterol fluticasone mixed powder inhalation, and the observation group was treated with self-made
Lifei Dingchuan decoction on the basis of the control group, saturation, pH, partial pressure of oxygen in arterial blood, partial
pressure of carbon dioxide, length of stay, and hospitalization costs. Results. After the patients underwent self-made Lifei
Dingchuan decoction, there were significant differences between the observation group and the reference group in terms of
heart rate, respiratory rate, blood oxygen saturation, pH value, arterial blood oxygen partial pressure, carbon dioxide partial
pressure, and within the group. There was a statistical difference (P < 0:05). The adverse reactions in patients with cough
variant asthma after treatment showed that the red throat, shortness of breath, chest tightness, and dry mouth in the
observation group were significantly different from those in the control group (P < 0:05). After investigation, follow-up, and
statistics, the hospitalization time, hospitalization cost, asthma exacerbation control time, effective rate, and recurrence rate
were compared between the two groups, and the differences between the two groups were statistically significant (P < 0:05).
Conclusion. The study on the clinical efficacy and low hospitalization cost of the self-prepared lung and asthma-restorative
soup in patients with cough variant asthma significantly improved the patients’ arterial oxygen saturation, acid-base value,
arterial partial pressure of oxygen, and partial pressure of carbon dioxide and effectively controlled the heart rate and
respiratory rate with high safety, which is worth further promotion.

1. Introduction

Cough variant asthma (CVA) is one of the most frequent
respiratory diseases. Cough variant asthma is a specific type
of asthma in which cough is the only or main clinical manifes-
tation without obvious signs or symptoms such as wheezing
and shortness of breath, but with airway hyperresponsiveness.

The main manifestation is an irritating dry cough [1]. The
cough is usually more intense, with nocturnal cough as its
important feature, and severe cases are accompanied by chest
tightness and shortness of breath [2]. The incidence of CVA
has been increasing year by year in recent years, and 41.95%
of all chronic cough patients in China in 2021 were further
developed from CVA [3]. It is highly likely that nearly 30%
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of patients with CVA without clinical diagnosis and treatment
will eventually develop and evolve into typical asthma [4].

At present, it is believed that the pathogenesis of this dis-
ease is similar to that of typical asthma. The etiology includes
genetic factors, allergic factors, infectious factors, and a series
of physical and chemical factors. It has the physiological and
pathological characteristics of chronic airway inflammation,
airway remodeling, and airway hyperresponsiveness. It may
be related to the sensitization of cough receptors and the
increased wheezing threshold. Commonly used therapeutic
drugs include inhaled corticosteroids (ICS), leukotriene recep-
tor antagonists, bronchodilators, antihistamines, mast cell
membrane stabilizers, macrolides, expectorants, and immuno-
modulators and have curative effect on CVA, but long-term
use will produce side effects, and the recurrence rate is high
once it is stopped. In addition, nondrug treatment methods
such as specific immunotherapy will be used clinically.
Although it is expected to cure the disease, the course of treat-
ment is long, and the compliance of children is poor.

Cough variant asthma belongs to the category of cough,
whooping cough, and pharyngogenic cough in Chinese
medicine. In recent years, TCM has conducted some
research on its mechanism and treatment, and certain prog-
ress has been made [5]. Traditional Chinese medicine has
accumulated rich experience in the diagnosis and treatment
of pulmonary cough and asthma and has formed a large
number of effective prescriptions and medicines [6]. Modern
TCM studies have shown significant efficacy in improving
the clinical symptoms of CVA patients [7]. The results of
Chinese medicine compound for the treatment of cough var-
iant asthma suggest that it has a certain inhibitory effect on
the pathological changes such as airway hyperreactivity,
chronic allergic inflammation of airways, and bronchospasm
in cough variant asthma [8].

2. Material and Methods

2.1. Research Object. This study included 90 patients with
cough variant asthma who were hospitalized in the Depart-
ment of Respiratory Medicine of our hospital from January
2018 to April 2022 as the research subjects, and were divided
into an observation group and a reference group with 45
cases in each group. The age group is between 18 and 65
years old. Western medicine diagnostic criteria for cough
variant asthma: referring to the 2016 Guidelines for the
Diagnosis and Prevention of Bronchial Asthma by the
Respiratory Group of the Chinese Medical Association, the
diagnostic criteria for CVA were formulated: (1) cough per-
sisted for >4 weeks, often during exercise and at night and
(or) early morning onset or aggravation, mainly dry cough
without wheezing; (2) no signs of clinical infection or inef-
fective after prolonged antibiotic treatment; (3) effective
antiasthma drug diagnostic treatment; (4) to exclude chronic
cough caused by other causes; (5) positive bronchial provo-
cation test and (or) PEF day − to − day variability rate ð
continuousmonitoring for 2weeksÞ ≥ 13%; (6) personal or
first- and second-degree relatives with a history of allergic
diseases or allergen test positive. As there is no unified stan-
dard for TCM syndrome differentiation of cough variant

asthma in China, the TCM diagnostic criteria are based on
preliminary clinical observation and review of literature on
cough variant asthma syndrome research in recent years.
The national planning textbooks “Traditional Chinese Med-
icine” and “Traditional Chinese Medicine Clinical Diagnosis
and Treatment Guidelines-Cough Variant Asthma” pub-
lished in “Journal of Traditional Chinese Medicine” in
2016 [9] formulate the TCM diagnostic criteria for cough
variant asthma: (1) recurrent cough, it was paroxysmal and
aggravated at night, in the morning or after activities; (2)
expectoration with thick yellowish sputum. (3) Throat red
(swollen), shortness of breath, chest tightness, dry mouth,
dry stool (or) constipation, yellow urine, red tongue, and yel-
low greasy coating.

2.2. Include Exclusion Criteria. Inclusion criteria [9]: (i)
meeting the above diagnostic criteria for cough variant
asthma in Western medicine, meeting the diagnostic criteria
in TCM and the TCM evidence of phlegm-heat in the lung;
(ii) no obvious signs of infection at the time of inclusion in
the trial, informed consent of the legal guardian to be tested;
(iii) voluntary cooperation with the study, hospitalization
days > 1 d. Exclusion criteria: (i) combined with other pri-
mary diseases of the lung, combined with serious primary
diseases of the heart, liver, kidney, and hematopoietic sys-
tem, psychiatric patients diseases, and psychiatric patients;
(ii) those with other pathologies that reduce the likelihood
of enrollment or complicate enrollment according to the
investigator’s judgment, those who had already taken Chi-
nese and Western medicine for cough within 12 hours
before the visit; (iii) those who were participating in clinical
trials of other drugs and those with poor compliance that
could easily cause shedding.

2.3. Methods. The reference group was treated with nasal cath-
eter oxygen and conventional montelukast sodium tablets and
salmeterol fluticasone mixed powder inhaler and oral monte-
lukast sodium (Merck Sharp & Dohme Limited National
Quota J20130054). Dosage: 10mg/dose, 1 time daily, nightly
at bedtime. Salmeterol fluticasone mixed powder inhaler,
one inhalation in the morning and one in the evening every
day, after the cough improved to once daily inhalation, the
course of treatment for 1 month. In the observation group,
the treatment was based on the control group, i.e., 10 g of
roasted ephedra, 10 g of dilaemon, 10g of bitter almonds,
10 g of scape seeds, 10 g of perilla seeds, 10g of semen, 10g
of Qianhu, 10g of mulberry bark, 10g of Scutellaria, and
10g of Yujin. During the treatment period, all other Chinese
and Western medicine drugs for CVA were stopped. Patients
were advised to prevent colds, eat a light diet, relax their emo-
tions, exercise appropriately, avoid eating fatty, sweet, greasy
and sizzling products, avoid raw and cold food, and avoid con-
tact with any allergens as much as possible.

2.4. Statistical Analysis. SPSS 27.0 statistical software was
used for analysis. Count data were expressed as the number
of cases, and differences between the three groups were com-
pared using chi-square test. If the measurement data obeyed
normal distribution and the variance between the groups
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deviation, and the differences between groups were com-
pared using one-way ANOVA, and if the sample our data
did not meet several conditions mentioned above, the data
were expressed as median/interquartile spacing, and the
comparison between the three groups was done using multi-
ple independent sample our rank sum test (Kruskal-Wallis
H test) with the test level a = 0:05.

3. Results

3.1. Baseline Data Comparison. The average age, gender, and
common causes of patients in the observation group were not
significantly different from those in the reference group, and
the differences were not statistically significant (P > 0:05)
(see Table 1).

3.2. Evaluation of Clinical Efficacy. There were statistically
significant differences in heart rate, respiratory rate, oxygen
saturation, acid-base value, arterial partial pressure of oxy-
gen, and partial pressure of carbon dioxide between groups
and within groups in the observation group and the refer-
ence group (P < 0:05). This result indicates a better clinical
efficacy (see Figure 1).

3.3. Treatment Safety Evaluation. Drug toxicities after treat-
ment in patients with cough variant asthma showed that
symptoms such as red throat, shortness of breath, chest
tightness, and dry mouth in the observation group were signif-
icantly different from those in the control group (P < 0:05).
This result indicates a better treatment safety (see Figure 2).

3.4. Treatment Benefit Analysis. There were statistically sig-
nificant differences between the two groups in terms of
length of stay, hospital costs, time to control asthma exacer-
bation, efficiency, and recurrence rates (P < 0:05). This result
indicates a better treatment benefit score for the treatment
(see Figure 3).

4. Discussion

Most scholars believe that similar to typical asthma, on the
one hand, the patient’s own congenital constitution, “genetic
quality,” immune status, mental state, health status, and
other subjective factors, in addition to allergens, bacterial
and viral infections, changes in climate, excessive exercise,
occupational environment, and food and drugs, may be fac-
tors that promote the occurrence, and the pathogenesis of
CVA is complex and clinically unclear, and studies have

found that CVA and typical asthma have similar pathological
features [10], such as the presence of specific inflammatory
patterns and airway remodeling [12]. CVA patients only
cough without wheezing, and there are nowadays three expla-
nations for this phenomenon: the degree of ASR is lower in
CVA compared to asthma, the wheezing threshold of CVA
causing wheezing, and the coughing receptor sensitivity is also
increased [13]. The bronchoconstriction reflex and the cough
reflex are two interrelated and independent types of reflexes,
and most of their cough receptors are present in the patient’s
airways, which are physically stimulated by the deformation
of the airways due to bronchoconstriction and chemically
stimulated by inflammatory mediators [14]. This causes the
clinical symptoms of cough in patients, and the absence of
cough receptors in the small airways will only result in con-
tracture of the airways during an asthma attack, which will
result in wheezing symptoms and croup in the lungs [15].

CVA is a specific type of asthma with chronic cough as the
main clinical symptom, and its physiopathology is character-
ized by airway hyperresponsiveness, chronic airway inflam-
mation, and airway remodeling. The pathogenetic factors are
not clear, but are currently thought to be closely related to
genetic factors, infectious factors, allergic factors, and some
physicochemical factors. Because its clinical symptoms some-
times manifest only as cough, parents are very likely to ignore
it or treat it as a simple cough, resulting in failure to treat or
mistreatment and further development of typical asthma.
Western medical treatment is similar to that of bronchial
asthma and is graded. Commonly used drugs include low
doses of ICS, leukotriene receptor antagonists, B2 agonists,
and H2 receptor antagonists. Long-term use of hormones
can produce many adverse effects, such as affecting the peo-
ple’s growth and development, bonemetabolism, and immune
function. Inhaled glucocorticoids can also cause oral Candida
infections. Many scholars now believe that leukotriene recep-
tor antagonists have comparable efficacy with ICS and advo-
cate the use of leukotriene receptor antagonists instead of
inhaled glucocorticoids as the drug of choice during cough
variant asthma exacerbations. However, montelukast sodium
as a representative drug of leukotriene receptor antagonists
also has some problems, such as being more expensive and
producing side effects such as allergy, diarrhea, and headache.
In contrast, Chinese herbal medicine has the advantages of
being cheaper and having fewer adverse effects when taken
for a long time to treat this disease.

We studied that phlegm-heat-contained lung disease is a
common type of this disease, once sick, the disease evil is
easy to turn heat from Yang, so having the most heat

Table 1: Comparison of baseline data of two groups of patients.

Group
Average age

(years)
Gender

(men and women)

Common causes (n (%))
Exposure to
allergens

Exposure to
irritants

Allergic
rhinitis

Respiratory
infection

Premature
withdrawal

Reference group (45) 47:91 ± 3:71 25/20 5 (11.11) 9 (20.00) 7 (15.56) 5 (11.11) 6 (13.33)

Observation group (45) 49:16 ± 5:62 22/23 8 (17.78) 6 (13.33) 4 (8.89) 6 (13.33) 9 (20.00)

t -4.608 0.943 0.000

P 0.115 0.445 1.000
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evidence, whenever the regulation is not proper, it is easy to
feel the external evil, and the external evil inside turns fire
into heat [16]. The lung is a delicate organ with a clear defi-
ciency, and it is not resistant to phlegm and heat, so the lung

loses its ability to declaim and descend, resulting in cough
due to Qi rebellion [17]. With deficiencies in the lungs,
spleen, and kidneys, prolonged illness leads to deficiency,
irregular elevation of the lungs, failure of the spleen to
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Figure 1: Evaluation of clinical efficacy; in our study, data on evaluation of clinical efficacy was statistically analyzed and calculated using
SPSS 26.00 statistical software. The measured data were expressed as median, and the analysis of variance using repeated measures showed
that patients underwent after Feidingchuan decoction; the heart rate, respiratory rate, blood arterial oxygen saturation, pH value, arterial
blood oxygen partial pressure, and carbon dioxide partial pressure between the observation group and the reference group were
significantly different between and within the group, with statistical differences (P < 0:05).
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exercise and transport, and inability of the kidneys to tran-
spire, resulting in stagnation of fluids, phlegm, and
phlegm-heat interconnection and phlegm-qi rebellion, lead-
ing to cough [18]. Therefore, those with CVA with phlegm-
heat-infused lung type often have recurrent cough, especially
at night, and are often accompanied by real hot symptoms
such as thick sputum, red face and lips, thirst, yellow urine,
and constipation [19]. Based on our years of clinical experi-
ence, we combined the etiology and pathogenesis of CVA
and established the treatment rules, focusing on clearing
the lung and resolving phlegm, lowering qi, relieving cough,
and calming asthma, and applied the self-prepared Rational
Lung and Asthma Determining Tang to treat the evidence of
phlegm and heat in the lung of CVA [20]. Self-designed Rul-
ing Lung and Asthma Tang is derived from the combination
of Self-designed Ruling Lung and Asthma Tang and Self-
designed Ruling Lung and Asthma Tang [21]. This formula
is the most typical one in the treatise on typhoid fever, and it
is used to treat sun diseases in which sweating does not work
or is misdirected as the lower evil qi enters the lung and
turns into heat, which is smothered in the lung [22]. Pu
Fu-Chou, a famous Chinese medicine practitioner, said that
the self-prepared Rational Lung and Asthma Determining
Soup can be used both to manage cold qi and to bring down
fire qi, or for anyone with uncontrollable sweating [23]. It
has therapeutic effects such as clearing heat and promoting
lung-heating to stop coughing and calm asthma and is
mainly used for coughing and shortness of breath caused
by external internal heat and can be used for coughing and
heat caused by wind and cold foreign to the interior [24].
It can be used for coughing and shortness of breath caused
by heat entering the lungs from the wind and cold [25].

As a traditional ancient formula in Fushou Jingmen-
Phlegm Gate, it is clearly stated in the original text that “spe-

cializes in treating snooze and asthma, with very rapid
results [26].” It has the effect of promoting the lung and low-
ering qi, clearing heat, and resolving phlegm and can be used
to treat asthma with phlegm-heat stagnation in the lung and
can be used for asthmatic cough with croupy sound in the lar-
ynx or with vicious chills and fever, which is a symptom of
wind-cold external bundle and phlegm-heat internal accumu-
lation [27]. All of the self-prepared Ruling the Lung and Fixing
Asthma Tang can treat the imbalance of the declination and
purification of the lung qi and can also be clinically applied
to some respiratory diseases with heat congestion in the lung
[28]. The main pathogenic factor of Self-Designed Luling
and Asthma Determining Tang is the external wind-cold evil,
and Self-Designed Luling and Asthma Determining Tang is
the phlegm evil, and this formula is formed by combining
the two after cutting them according to experience, which
can be effective in clearing the lung and resolving phlegm, low-
ering qi, and relieving cough and asthma.

Our study found that after the patients had undergone
self-preparation of Ruling Lungs and Asthma Treatment
Tang, there were significant differences in heart rate, respira-
tory rate, blood arterial oxygen saturation, acid-base value,
arterial partial pressure of oxygen, and partial pressure of
carbon dioxide between the observation group and the refer-
ence group, and there were statistically significant differ-
ences in adverse reactions after treatment in patients with
cough variant asthma, including red throat, shortness of
breath, chest tightness, and dry mouth in the observation
group compared with the reference group. This indicates
the clinical efficacy and low hospitalization cost of the self-
prepared lung and asthma treatment for patients with cough
variant asthma, which significantly improved the patients’
arterial oxygen saturation, acid-base value, arterial partial
pressure of oxygen, and partial pressure of carbon dioxide
and effectively controlled the heart rate and respiratory rate
with high safety. The main efficacy and mechanism of action
of the self-prepared lung stabilization soup we studied are as
follows: to treat the lung, we need to resolve the depression
of lung qi and restore the normal elevation function of lung
qi [29]. In this formula, sizzling ephedra is pungent and dis-
persing to promote the lung and bitter to lower the qi, which
is the key medicine to promote the lung, open the coup,
open the hairy orifices, promote the lung health, make the
lung qi smooth, and restore the normal function of the lung
division of suction and descent. Di Long is cold and
descending, penetrating the upper and lower, good at
enlightening the upper and declaring and lowering lung qi,
draining lung heat and relieving cough and asthma, draining
the lower, opening the state capital, and removing dampness
and drenching [31]. The combination of the two drugs, one
cold and one warm, one ascending and one descending, and
the reasonable use of Xuan Dao and Tongluo, can make the
evil of dampness and heat go away from the bottom. Bitter
almonds, scape seeds, perilla seeds, and half-xia all have
the effect of lowering qi, resolving phlegm, and relieving
cough and asthma. Bitter almonds are bitter to lower the
qi, moisten the stool, and warm to cathartic, while ephedra
is pungent and dispersing, favoring the surface, and bitter
almonds are bitter and descending, favoring the lining,
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Figure 2: Treatment safety evaluation; in our study, data on
treatment safety evaluation was statistically analyzed and
calculated using SPSS 26.00 statistical software. The measured
data were expressed as median, and the analysis of variance using
repeated measures showed that with cough variant asthma, the
drug toxicity and side effects of the patients after treatment
showed that the red throat, shortness of breath, chest tightness,
and dry mouth in the observation group were significantly
different from those in the control group (P < 0:05).
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which can restore the cathartic effect of lung qi and enhance
the effect of ephedra in relieving cough and asthma. Daphne
scabra is pungent and cold, smooth and downward, bitter
and cold and subduing, and is specialized in dipping watery
drinks and phlegm fire in the lung to calm cough and asthma.
Perilla seeds are smooth and straight down and are mainly
descending in nature, and are good at lowering lung qi and
resolving phlegm and saliva; when qi is lowered and phlegm
is eliminated, cough and asthma will be calmed. The combina-
tion of Radix Panax notoginseng, dampness, phlegm, and
reversion can help Zizyphus to lower qi, resolve phlegm, and
calm asthma, and the combination with almond can
strengthen the function of suction. Scutellaria baicalensis,
Morinda citrifolia, Qianhu, and Yujin are the adjuvants. Scu-
tellaria baicalensis is bitter-cold in nature and enters the lung
meridian to clear the heat in the upper jiao, so it is used with
the pungent and warm Radix Panax notoginseng, which is
used to clear heat and dispel phlegm [35]. The bitter cold of
Scutellaria baicalensis and the warmth of Ephedra are mutu-
ally restrained, which enhances its effect on asthma without
contributing to internal heat and does not cause the cold of
Scutellaria baicalensis to deeply stagnate in the body and stag-
nate the qi, which can clear lung heat, dissolve phlegm and
dampness, and relieve cough and asthma [36]. Mulberry bark,
which is sweet in taste and cold in nature, can clear lung heat

and relieve asthma as its main action. Mulberry bark, which
can stabilize vital energy and compensate for deficiency by
replenishing deficiencies, is usually used mainly to clear lung
heat as well as relieve cough [37]. In combination with Scutel-
laria baicalensis, the heat-releasing power is even greater, and
the sweet taste and cold nature of mulberry bark can counter-
act the bitter taste of Scutellaria baicalensis, clearing lung heat
without harming Yin. Qian Hu descends Qi and dissolves
phlegm, expels wind-heat, and is an important medicine for
treating phlegm and Qi, and its use with ephedra’s cold and
heat can strengthen its power to expel lung heat [38]. It is pun-
gent and can disperse, which can open the lung Jin’s depres-
sion, release the depressed qi, and remove the fire evil then
the cough will heal itself.

Our study is a retrospective randomized controlled
study, and although it has some advantages in etiological
inference, our study still has the following shortcomings.
First, our study is a case-control study, not a randomized
controlled trial, and is not blinded, so there is still some risk
of bias; second, our study is a single-center clinical study,
and the sample size included is small, and it still needs to
be followed up by increasing the sample size and conducting
multicenter. Finally, the clinical follow-up period of our
study was relatively short, and long-term clinical follow-up
is still needed.
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Figure 3: Analysis of treatment benefit; in our study, data on treatment benefit analysis was statistically analyzed and calculated using SPSS
26.00 statistical software. The measured data were expressed as median, and the analysis of variance using repeated measures showed that
after survey follow-up and statistics, the hospitalization time, hospitalization cost, asthma exacerbation control time, effective rate, and
recurrence rate of the patients in the two groups were significantly different between and within the group (P < 0:05).
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In conclusion, the study of the clinical efficacy and low
hospitalization cost of the self-prepared lung and asthma-
restorative soup in patients with cough variant asthma sig-
nificantly improved the patients’ arterial oxygen saturation,
acid-base value, arterial partial pressure of oxygen, and par-
tial pressure of carbon dioxide and effectively controlled the
heart rate and respiratory rate with high safety, which is
worth further promotion.
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Background. The valsartan-sacubitril therapy improved the outcomes of patients with acute decompensated heart failure (ADHF)
of a reduced ejection fraction (HFrEF). In ADHF patients with preserved ejection fraction (HFpEF), it is not yet clear whether the
same treatment regimen may be safely used to treat ADHF. Methods. For this study, HFpEF patients hospitalized due to ADHF
were enrolled. Following hemodynamic stabilization, patients were randomized into two groups that were treated with enalapril or
sacubitril-valsartan. In this trial, the primary efficacy outcomes were changes in echocardiographic parameters and NT-proBNP
levels from baseline to 8 weeks treatment. Results. ARNI treatment resulted in a significant decrease in NT-proBNP levels and
an increase in LVEF in patients with HFpEF. However, HFpEF patients that underwent ARNI treatment achieved better
outcomes than did patients that underwent ACEI treatment. Conclusion. Sacubitril-valsartan treatment, which lowered NT-
proBNP levels and improved cardiac function, was more effective in HFpEF patients with acute decompensated heart failure
than enalapril.

1. Introduction

The worldwide public health concern of heart failure (HF)
affects around 2% of people in developed countries [1, 2],
resulting in symptoms associated with insufficient cardiac
output [2, 3]. The three subtypes of heart failure are HF with
reduced left ventricular ejection fraction (HFrEF) EF <40%
(amended to ≤ 35%), HF with preserved LVEF (HFpEF) in
patients with an EF greater than 50%, LV diastolic dysfunc-
tion, and evidence of structural heart disease (HFmrEF) in
patients with an LVEF of 40-49%, diastolic dysfunction,
increased BNP concentrations, and evidence of structural
heart disease [4, 5]. The etiology and pathophysiological
characteristics of HFpEF are complex and heterogeneous
[6, 7], and even individuals specializing in HF may have dif-
ficulty accurately diagnosing this disease.

Succinylcholinesterase inhibitor (SCIE) therapy, which
includes sacubitril and/or valsartan, has been shown to

reduce symptoms and lower the odds of hospitalization
owing to HF and cardiovascular death in chronic HFrEF
patients relative to outcomes associated with the
angiotensin-converting enzyme inhibitor (ACEI) enalapril,
while is the gold standard approach to treating these patients
[8]. Sacubitril-valsartan therapy was connected to substan-
tial improvements in the severity of clinical symptoms
among HFrEF patients as defined by hospitalization, LVE,
NYHA NT-proBNP, and cardiovascular mortality in phase
III randomized PARADIGM-HF study [9–11]. More recent
studies have expanded on the findings of this trial and exam-
ined the establishment of multidrug regimens incorporating
both neprilysin inhibitors and renin-angiotensin-
aldosterone system (RAS) blockers [12].

The safety and efficacy of sacubitril-valsartan treatment
were further compared to those of enalapril following hemo-
dynamic stabilization in patients hospitalized with ADHF in
the PIONEER-HF trial [13]. In this study, sacubitril-
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valsartan therapy was shown to be more effective than enal-
april in reducing NT-proBNP concentrations in patients,
whereas no differences in angioedema, hyperkalemia, wors-
ening renal function, or symptomatic hypotension rates
were evident among these groups [14, 15].

Up to now, sacubitril-valsartan does not have an indica-
tion in patients with HF with preserved ejection fraction
(HFpEF) [16]. However, none of contemporary therapies
was able to reduce HFpEF mortality. While sacubitril-
valsartan was increasingly recognized as an efficacious treat-
ment for HFrEF patients, whether it is similarly safe and
effective in HFpEF patients undergoing hospitalization for
acute decompensated HF remains to be established. The goal
of this research was to compare the safety and efficacy of
sacubitril-valsartan with enalapril in patients with heart fail-
ure, and treatment regimens in HFpEF patients hospitalized
for ADHF. Our results suggest that sacubitril-valsartan
treatment reduces NT-proBNP levels and improves cardiac
function, and is more effective than enalapril in patients with
HFpEF with acute decompensated heart failure. This pro-
vides new insights into the clinical treatment of HFpEF.

2. Material and Methods

2.1. Trial Design. The design for this trial has previously
been published [14]. Study participants with ADHF were
randomized, masked, and actively controlled to receive
either enalapril or sacubitril-valsartan at the start of their
stay in the hospital. The Chongqing Ninth People’s Hospi-
tal’s ethical committees have approved this study’s protocol.

2.2. Patient Recruitment. The criteria for patient recruitment
are as described previously [14]; in short, patients had to be
at least 18 years old, have an LVEF of at least ≤ 50%, have
BNP below ≤ 400 pg/mL, or N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) values below ≤ 1600 pg/mL,
and had been diagnosed with primary acute decompensated
HF, which includes signs of fluid overload. Patients were
enrolled while still hospitalized between 24h and 10 days
following initial hospital presentation. Patient randomiza-
tion was only performed after hemodynamic stabilization,
defined by an SBP ≥100mmHg for at least 6 h without
increases in i.v. diuretic doses and without the need for the
administration of i.v. vasodilators over the past 6 h or i.v.
inotropic agents over the past 24 h. Consent to treatment
in the form of a written document was provided by every
patient.

2.3. Trial Procedures. The criteria for patient recruitment
were as described previously [14]; briefly, treatment with
sacubitril-valsartan and enalapril (ACEI group) was ran-
domized to patients. A fixed-dose combination of
sacubitril-valsartan (either 24mg of sacubitril with 26mg
of valsartan or 49mg of sacubitril with 51mg of valsartan
as a fixed-dose combination) or enalapril (either 2.5mg or
5mg) was given twice daily to patients as an initial dosage.
Blinding was achieved by providing all patients with a pla-
cebo resembling the other drugs. While patients in the enal-
april group were administered enalapril and the placebo

with their first dose, individuals treated with sacubitril-
valsartan initially received two doses of placebos resembling
both trial drugs such that a minimum washout period of
36 h prior to sacubitril-valsartan administration could be
ensured, after which the appropriate trial drug and placebo
were administered beginning with the third dose. A mini-
mum of six hours of close observation followed the third
dosage before patients were allowed to discharge. The
sacubitril-valsartan dosage was tinkered with over the
eight-week study period, with 97 and 103mg twice-daily
objectives for the two drugs. It was planned to have follow-
up appointments in weeks one and two, and then every
other week after that. On the morning of the eight-week
follow-up appointment, the last medicine dosages were
administered.

2.4. Trial Outcomes. This study’s main finding was the time-
averaged proportionate change in NT-proBNP levels
between baseline and 4, 8, and 12 weeks after efficient treat-
ment, as were echocardiographic parameters, including left
ventricular end-diastolic dimension (LVEDD), left ventricu-
lar ejection fraction (LVEF), left ventricular end-systolic vol-
ume (LVESV), and left ventricular end-diastolic volume
(LVEDV).

2.5. Statistical Analysis. All statistical analyses were per-
formed using SPSS 21.0 (IL, USA). The Cox proportional-
hazard models were used to compute hazard ratios and 95
percent confidence intervals (CIs), and log-rank test was
used to compare the ACEI and ARNI treatment groups. It
may not be feasible to replicate the conclusions reached from
these intervals since the CIs for outcomes other than the
main effectiveness outcome were not corrected for multiple
comparisons. Treatment efficacy consistency was assessed
in six pre-specified subgroups as well as six further explor-
atory subgroups. p < 0:05 was the significance threshold.

3. Results

3.1. The Impact of Sacubitril-Valsartan Treatment on
Echocardiographic Parameters. Data from 127 patients who
met the specified study inclusion criteria were gathered from
the hospital information system registry of the Ninth Peo-
ple’s Hospital of Chongqing between January 2018 and
May 2019. Patient’s characteristics at baseline are shown in
Table 1. Patients in the ARNI and ACEI treatment groups
exhibited a mean (±SD) age of 70.0 and 71.5 years, respec-
tively (p=0.8563). The ARNI group consisted of 32 females
(57.1%) and 24 males (42.9%) while the ACEI group con-
sisted of 32 females (51.6%) and 30 males (48.4%). The
mean SBP of patients in the ARNI and ACEI groups was
136.5 and 135.5mmHg, respectively (p=0.7244), while cor-
responding DBP values were 76.5 and 77.0mmHg (p=
0.6832). In total, 8 (13.8%) and 10 (16.1%) of patients in
the ARNI and ACEI groups had a history of smoking. No
significant difference in the history of hypertension prior to
HF was evident in these groups [42 (72.4%) vs 43 (69.4%),
respectively, p=0.7126]. The history of diabetes mellitus
was comparable between these patient cohorts [21 (36.2%)
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vs 26 (41.9%), respectively, p=0.5206]. Analysis of con-
founding factors showed that there were no differences in
the baseline BP, age, gender, or medical history of the ACEI
and ARNI patient groups.

Patients in the ARNI group had pre- and post-treatment
LVEF values of 24.8± 5.7 and 44.3± 5.1, respectively, as
shown in Tables 1 and 2, while for patients in the ACEI
group, these respective values were 26.3± 6.1 and 36.3±
3.8. While significant increases in LVEF were evident in both
groups, these increases were greater for HFpEF patients in
the ARNI group. Pre- and post-treatment LVEDD values
in the ARNI group were 61.3± 5.6 and 50.2± 4.6, respec-
tively, while those in the ACEI group were 60.8± 6.7 and
54.6± 5.3. Pre- and post-treatment LVEDV values in the
ARNI group were 176.4± 14.6 and 118.4± 17.6, while those
in the ACEI group were 182.4± 15.4 and 146.3± 12.4,
respectively. The LVESV values were 96.4± 11.7 before and
after treatment in the ARNI group vs. 42.6± 14.7 after treat-
ment, while those in the ACEI group were 98.7± 13.2 and
67.3± 16.7, respectively. The differences of LVEF, LVEDD,
LVEDV, and LVESV values before and after treatment in
ARNI group were significantly higher than those in ACEI
group, suggesting that HFpEF patients that underwent
ARNI treatment achieved better outcomes than did patients
that underwent ACEI treatment (Table 2).

3.2. Changes in NT-proBNP Concentrations. To confirm the
influence of ARNI and ACEI treatment on NT-proBNP
expression, we firstly analyzed the baseline of NT-proBNP
concentration in ARNI and ACEI pre-treatment groups.
ELISA results showed that the NT-proBNP concentrations

of the two groups did not vary (3284.62± 317.64 pg/mL vs.
3184.75± 486.37 pg/mL, Figure 1). In the two groups, after
ARNI or ACEI treatment, the concentration of NT-
proBNP was significantly higher than pre-treatment
(Figure 2), and the concentration of NT-proBNP was dra-
matically lower in ARNI treatment group compared with
ACEI treatment group (Figure 2).

4. Discussion

Up to now, sacubitril-valsartan does not have an indication
in patients with HF with preserved ejection fraction
(HFpEF) [16]. However, none of contemporary therapies is
able to reduce HFpEF mortality. While sacubitril-valsartan
is increasingly recognized as an efficacious treatment for
HFrEF patients, whether it is similarly safe and effective in
HFpEF patients undergoing hospitalization for acute
decompensated HF remains to be established. NT-proBNP
levels and echocardiographic parameters in patients with
acute decompensated HFpEF were the focus of this study,
which aims to compare the effects of sacubitril-valsartan
and ACEI therapy. When follow-up was performed 8 weeks
post-treatment, sacubitril-valsartan was found to be associ-
ated with significantly greater echocardiographic improve-
ment and reduced NT-proBNP levels relative to those in
HFpEF patients that underwent ACEI treatment. While
LVEF improved significantly in both treatment groups, these
improvements were more pronounced for individuals that
were subject to ARNI treatment as compared to ACEI treat-
ment. Several prior studies have reported similar LVEF
improvement in patients diagnosed with HFrEF [17–20].
The PARAGON-HF study determined that sacubitril-
valsartan treatment was associated with more pronounced
absolute and relative benefit as compared to valsartan in
HFpEF patients when this therapeutic regimen was initiated
during the high-risk window following hospitalization, in
line with the present study [21]. ARNI patients also exhib-
ited significantly greater reductions in LVEDD, LVEDV,
and LVESV as compared to the ACEI group. Similar left
ventricular volume improvements have also been reported
in other studies [22–25].

While NT-proBNP levels fell for patients in both treat-
ment groups, these decreases were more pronounced in the
ARNI group relative to the ACEI group. Patients with
HFrEF have shown a decrease in NT-proBNP levels after
treatment with sacubitril-valsartan [26–28]. Patients with
acutely decompensated HF were not included in the
PARADIGM-HF study since it focused on ambulatory
patients with chronic HFrEF [29]. After randomization,
48-26%of patients in the sacubitril-valsartan and enalapril
therapy groups had NT-proBNP levels reduced by more
than >30% from baseline to one month after randomization,
respectively [30]. Predischarge beginning of sacubitril-
valsartan medication led in a 28 percent decline in NT-
proBNP levels at discharge, according to a transitional trial
of hospitalized acute decompensated HF patients [31]. In
addition to LVEF, several other factors such as BMI, age,
and creatinine clearance can also impact NT-proBNP levels
[32]. In contrast to prior studies, HFpEF patients included

Table 1: General clinical data for patients in the ARNI and ACEI
treatment groups.

Factors
ARNI ACEI

p-value
N =58 N =62

Age 71.5 (66.0, 74.5) 70.0 (64.0, 72.0) 0.8563

Gender

Male 24 30
0.5471

Female 32 32

Smoking

Yes 8 10
0.7203

No 50 52

Hypertension

Yes 42 43
0.7126

No 16 19

Diabetes

Yes 21 26
0.5206

No 37 36

SBP (mmHg) 136.5 (128.5, 153) 135.5 (129.0, 155.0) 0.7244

DBP (mmHg) 76.5 (71.5, 92.0) 77.0 (72.5, 91.0) 0.6832

LVEF (%) 24.8± 5.7 26.3± 6.1 0.6274

LVEDD (mm) 61.3± 5.6 60.8± 6.7 0.6828

LVEDV (mL) 176.4± 14.6 182.4± 15.4 0.7144

LVESV (mL) 96.4± 11.7 98.7± 13.2 0.6632
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herein underwent in-hospital randomization to undergo
ARNI or ACEI treatment, while NT-proBNP levels were
measured several weeks post-treatment. The results of this
study, together with data from the PIONEER-HF and
PARADIGM-HF trials, support the ability of sacubitril-
valsartan treatment to rapidly decrease NT-proBNP levels
irrespective of HF patient subtyping.

PIONEER-HF trial results provided an extended evi-
dence base with respect to the utilization of sacubitril-

valsartan in patients for whom little or no other data were
available, including individuals with new-onset HF, individ-
uals hospitalized for acute decompensated HF, individuals
not receiving traditional RAS inhibitor therapy, or patients
not receiving high dosages of HF medicines prescribed in
accordance with current guidelines [33–35].

These findings support the safety of starting sacubitril-
valsartan treatment in individuals with acute decompensated
HFpEF. It was shown that sacubitril-valsartan was well toler-
ated throughout the in-hospital beginning phase of the
PIONEER-HF trial and in a follow-up, open-label extension
research.
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The data and study materials that support the findings of
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Table 2: General clinical data for patients following ARNI and ACEI treatment.

Factors
ARNI treatment ACEI treatment

Before After Before After

LVEF (%) 24.8± 5.7 44.3± 5.1∗∗ ,# 26.3± 6.1 36.3± 3.8∗

LVEDD (mm) 61.3± 5.6 50.2± 4.6∗∗ ,# 60.8± 6.7 54.6± 5.3∗

LVEDV (mL) 176.4± 14.6 118.4± 17.6∗∗ ,# 182.4± 15.4 146.3± 12.4∗

LVESV (mL) 96.4± 11.7 42.6± 14.7∗∗ ,# 98.7± 13.2 67.3± 16.7∗
∗p < 0:05 and ∗∗p < 0:01 compared with the before group; #p < 0:05 compared with ACEI treatment.
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Figure 1: Pre-treatment NT-proBNP levels. Concentrations of NT-
proBNP were compared at baseline between the ARNI and ACEI
treatment groups. ns: no significance. ARNI group, N =58; ACEI
group, N =62.

ARNI group ACEI group
0

1

2

3

4

Co
nc

en
tr

at
io

no
f

N
T-

pr
oB

N
P 

(p
g/

m
L)

Before
After

⁎

⁎⁎⁎

Figure 2: Pre- and post-treatment NT-proBNP levels.
Concentrations of NT-proBNP were compared at baseline and at
follow-up between the ACEI and ARNI treatment groups. ∗p <
0:05, ∗∗p < 0:01. ARNI group, N =58; ACEI group, N =62.
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Objective. To study the value of the individualized nursing model based on the concept of multidisciplinary team (MDT) on
recovery of limb function and quality of life in patients with breast cancer. Methods. A total of 110 breast cancer patients
admitted to our hospital from January 2021 to December 2021 were selected as the research objects. The 110 breast cancer
patients were divided into the research group (n = 55) and the control group (n = 55) according to the random number table
method. The control group received routine care. The research group implemented individualized nursing based on the MDT
concept on the basis of routine nursing. The disabilities of the arm, shoulder, and hand (DASH) scores before nursing and 1
month after nursing were studied in the two groups, Hamilton anxiety scale (HAMA) score, Hamilton depression scale
(HAMD) score, and Functional Assessment of Cancer Therapy-B (FACT-B) score. Results. After 1 month of nursing, the
DASH score of the research group was lower than that of the control group, and the difference was statistically significant
(P < 0:05), and after 1 month of nursing, the HAMA score of the research group was lower than that of the control group
(P < 0:05). After 1 month of nursing, the HAMD scale score of the research group was lower than that of the control group,
and the difference was statistically significant (P < 0:05). After 1 month of nursing, the FACT-B score of the research group
was higher than that of the control group, and the difference was statistically significant (P < 0:05). Conclusion. The
individualized nursing model based on the MDT concept has high application value for breast cancer patients. This nursing
model can improve the function of limb movement, relieve the patient’s anxiety and depression, and improve the patient’s
quality of life. This nursing model is worthy of clinical promotion.

1. Introduction

There are 5.7 million female breast cancer patients in the
world by 2018. In China, breast cancer with 573000 con-
firmed number has become the most popular among women
in 2018 [1]. In recent years, more and more breast cancer
patients have been discovered and treated in a timelier man-
ner because of the continuous improvement of diagnosis and
treatment technology and people’s health awareness with
surgery as the center. The lack of breasts after surgery and
various side effects of chemotherapy not only bring huge
psychological pressure to patients but also seriously affect
the quality of life of patients. The comprehensive treatment
mode supplemented by chemotherapy, radiotherapy, and

endocrine and targeted therapies has significantly improved
the survival rate of breast cancer [2–5]. But shoulder joint
dysfunction is still one of the most common complications
of breast cancer patients [6–8].

Tumor treatment is becoming more and more complex,
alone cannot meet the needs of diagnosis, treatment, and
prevention of breast cancer and other tumor diseases
[9–14]. The management of breast cancer patients requires
the collaboration of experts in different fields. Multidisci-
plinary model (MDT) arises at the historic moment and
gradually develops. As early as 1966, B. Fisher and E. Fisher
and De Lena et al. published that breast cancer, as a systemic
disease, should need comprehensive management and sys-
temic systematic treatment in the early stage [15, 16].
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MDT can establish a multidisciplinary platform for correct
and rapid diagnosis of diseases, strengthening interdisciplin-
ary communication, collecting data fully and accurately, for-
mulating treatment plans according to evidence-based
medicine. Through joint discussion, multidisciplinary experts
communicate with each other timely and fully, which helps to
reduce the probability of negligence in diagnosis and treat-
ment. It is of great benefit to the improvement of the preven-
tion, diagnosis, and treatment of breast cancer [17, 18].
Therefore, this study selected 110 breast cancer patients as
the research object to detect the influence of individualized
nursing model based on MDT concept on limb function
recovery and quality of life of breast cancer patients.

2. Materials and Methods

2.1. General Information. A total of 110 patients with breast
cancer treated from Jan. 2021 to Dec. 2021 were selected.
110 cases with breast cancer were randomly divided into
the research group (n = 55) and the control group (n = 55).
All patients in the research group were female, who are aged
22 to 64 years old with an average of 49:45 ± 5:16 years.
Pathological classification: 30 cases of noninvasive carci-
noma and 25 cases of invasive carcinoma. In the control
group, all were female patients, aged 21-65 years, with an
average of 49:48 ± 5:23 years. Pathological classification: 29
cases of noninvasive carcinoma and 26 cases of invasive car-
cinoma. There was no significant difference in general data
between the two groups (P > 0:05).

Inclusion criteria: (1) all patients met the diagnostic cri-
teria for breast cancer and were pathologically diagnosed as
breast cancer; (2) after the researcher stated the purpose of

the study, volunteer to participate in the researcher; (3)
patients who would undergo axillary lymph node dissection;
(4) the patients could learn to use WeChat platform for
intervention feedback; and (5) clear consciousness, normal
language expression, strong reading ability and unhindered
communication with researchers.

Exclusion criteria: (1) mental and cognitive disorders; (2)
severe heart failure, renal failure, and liver disease; (3) edema
symptoms such as nephrogenic, cardiogenic, and malnutri-
tion; and (4) bilateral breast cancer, recurrence, and other
organ metastasis.

Exclusion criteria: (1) patients who did not complete all
intervention and data collection and (2) the patients
dropped out of the study.

2.2. Methods

2.2.1. Technical Route. The technical route is shown in
Figure 1.

2.2.2. Intervention Programme. The control group received
routine nursing, including admission education, preoperative
preparation, diet guidance, rehabilitation exercise guidance,
and discharge guidance. Patients were instructed to raise the
affected limb after operation andmassage the affected limb with
appropriate strength. The intervention lasted for 1 month.

Research group scheme: implement individualized care
based on the MDT concept on the basis of routine care.
(1) Individualize nursing based on the concept of MDT.
Organize a case discussion meeting once a week to commu-
nicate among team members. The nurse in charge of the bed
reports the mental and physical condition of the patient, the

Pre-research preparation

Patients were recruited into the group

Grouping

Control group (routine nursing) Research group (individualized nursing based on
MDT concept on the basis of routine nursing)

To study the the disabilities of arm, shoulder, hand( DASH) score before nursing and 1
month a�er nursing were studied in the two groups, Hamilton Anxiety Scale (HAMA)

score, Hamilton Depression Scale (HAMD) score, Functional Assessment of Cancer
�erapy-B( FACT-B) score.

Data collation, statistics, analysis, evaluation

Index evaluation

Figure 1: Technical route.
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specialist reports the operation of the patient, the rehabilita-
tion physician, and the psychologist physicians and nutri-
tionists are, respectively, responsible for solving the
problems of patients’ rehabilitation, psychology, diet, etc.
(2) Establish an individualized care team based on the
MDT concept. It consists of oncology specialists, tube
nurses, specialist nurses, rehabilitation specialists, psycholo-
gists, nutritionists, imaging specialists, plastic surgeons, etc.
The radiologists are responsible for evaluating the imaging
results of patients, and specialist nurses formulate nursing
plans based on the discussion content, as follows. ① Use
nutritional risk screening and assessment for patients. Table
(NRS-2002) is used for nutritional risk assessment. The
measures for those who are sensitive to surgical fasting and
fasting are that patients who are to be operated can take 1
bottle of perioperative clear drink 355mL (surgical energy)
before 12:00 after dinner before surgery. One more bottle
can be taken before 6:00 in the morning for one operation.
If there is no nausea and vomiting within 6 hours after the
operation, a total of 1 bottle can be consumed in small
amounts and multiple times. After 6 hours, normal food
can be taken. ② Breast cancer patients are prone to compli-
cations such as lymphedema and skin flap necrosis after sur-
gery. Demonstrate how to perform manual lymphatic
drainage for patients and their families. The superficial
lymph nodes of the back and groin should be massaged in
sequence, and the scar tissue should be gently massaged
along the breast surgery incision. It is advisable not to have
redness after massage. After the surgical sutures were
removed, the patients were required to perform manual lym-
phatic drainage 3 times a day, and the duration of a single
session was 10 minutes. ③ Rehabilitation function training:
1-2 days after the operation, the wrist and elbow joints will
be active. At the same time, the grip power ball will start
to perform no more than 3 groups of 10 times a day, and
the shoulder joint will be active on the third day. When
the activity is above 90°, the grip strength training can be
increased to 5 sets of 15-20 times per day. 7-10 days start
to strengthen the shoulder joint lifting, back extension,
abduction, and rotation exercises. After 14 days, you can
start wall climbing exercise, ring exercise, etc. After 1 month,
you can start mild resistance exercise, 2-3 times a week, with
a 48-hour interval between every 2 training sessions. Under
the guidance of a rehabilitation specialist, adjust the range of
motion of the shoulder joint and grip strength exercises
according to the patient’s pain and increased drainage. Deep
breathing exercises should be combined during exercise.
④After breast cancer surgery, it is easy to have low self-
esteem, depression, anxiety, and other psychology disorders.
Psychologists evaluate the patient’s psychological state,
actively talk with the patient, listen to the patient’s confi-
dence, and summarize the patient’s psychological problems
when listening to confidence. The causes are analyzed in
depth, and then, patients are given comfort and enlighten-
ment according to the causes. Positive suggestion, biofeed-
back, relaxation training, and other methods are used for
psychological counseling, nurses in tube bed strengthen
communication with patients, and family members and
spouses are encouraged to give more support to patients.

2.3. Observation Indicators

(1) The quality of life measurement scale (Functional
Assessment of Cancer Therapy-B (FACT-B)) scores
of breast cancer patients before and after nursing in
the two groups were studied. The FACT-B scale [19]
includes a total of 36 items in 5 areas, including four
areas: physiological status, social and family status,
emotional status, and functional status. Entries require
reverse scoring. The total score of the scale ranges
from 0 to 144 points. The higher the score, the better
the quality of life in the corresponding field

(2) To study the scores of Hamilton anxiety scale
(HAMA), the score criteria of HAMA scale were
applied to assess anxiety state [20]

(3) To study the scores of Hamilton depression scale
(HAMD), the score standard of HAMD scale [21]
<8 means the patient is normal and has no depres-
sion; the score 8~20 means the patient has the possi-
bility of depression; the score 21~35 means the
patient must have depression; the score > 35 means
the patient’s depression is serious

(4) The upper extremity dysfunction rating scale (dis-
abilities of the arm, shoulder, and hand (DASH))
scores before and after nursing in the two groups
were studied. The DASH scale [22] has a total of
30 questions, and each question is scored from 1 to
5. The higher the score, the more serious the dys-
function. Calculate the score according to ½ðtotal
score/number of answersÞ − 1� × 25

2.4. Statistical Analysis. IBM SPSS 24.0 software was applied
for statistical analysis. The measurement data were expressed
by mean ± standard deviation. The counting data were
expressed by frequency or rate. The t-test was used whenmea-
surement data obey normal distribution, and rank sum test
was used when it did not obey normal distribution. The χ2 test
was used to compare the classified counting data. Repeated
measurement data were analyzed by repeated measurement
analysis of variance. Main effect test results were used when
there was no interaction, and simple effect analysis was carried
out when there was interaction. P < 0:05 indicated that the dif-
ference between groups is statistically significant.

3. Results

3.1. The Scores of DASH Scale before Nursing and 1 Month
after Nursing in Two Groups. Following one-month nursing,
the score of DASH scale in the study cohort was higher than
that in the control cohort, and the difference was statistically
significant (P < 0:05). This result indicated that the DASH
score of the research group was better than that of the con-
trol group. All results are shown in Table 1.

3.2. The Scores of HAMA Scale before Nursing and 1 Month
after Nursing in Two Groups. One month after nursing, the
score of HAMA scale in the research group was lower than
that in the control group, and the difference was statistically
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significant (P < 0:05). This result indicated that the HAMA
scores of the research group were better than those of the
control group. All results are shown in Table 2.

3.3. The Scores of HAMD Scale in Two Groups Were Studied.
Following one-month nursing, the score of HAMD scale in
the research group was lower than that in the control group,
and the difference was statistically significant (P < 0:05).
This result indicated that the HAMD scale of the research
group was better than that of the control group. All results
are shown in Table 3.

3.4. The FACT-B Scores of the Two Groups Were Observed.
Following one-month nursing, the FACT-B score of the
research group was higher than that of the control group,
and the difference was statistically significant (P < 0:05).
This result indicated that the FACT-B scores of the research
group were better than those of the control group. All results
are shown in Table 4.

4. Discussion

The evidence has reported that for patients, MDT can effec-
tively improve the survival rate of patients [23–31], increase
patients’ satisfaction [32], pay attention to patients’ mental
health [33], and improve the timeliness and accuracy of
diagnosis [34]. For medical staff, MDT can enhance interdis-
ciplinary communication and interaction, improve consis-
tency in the implementation of guidelines, and provide a
platform for specialist education to increase access to clinical
trials. This study selected 110 breast cancer patients as the
research object to detect the influence of individualized
nursing model based on MDT concept on limb function
recovery and quality of life of breast cancer patients.

The results of this study showed that after individualized
nursing based on MDT concept, the score of DASH scale
was lower than that of routine nursing, the score of HAMA
and HAMD scale was lower than that of routine nursing,
and the score of FACT-B was higher than that of routine nurs-
ing. It is proved that the application value of individualized
nursing based on MDT concept in breast cancer patients is
more significant, and it is more helpful to improve limbmotor
function, relieve anxiety and depression, and improve the
quality of life. This is mainly because, on the one hand, breast
cancer treatment will no longer belong to nurses but to the
entire breast cancer treatment team.

Breast cancer MDT team experts include breast surgery,
oncology, pathology, imaging (ultrasound, mammography,
magnetic resonance, and nuclear medicine), radiotherapy,
and breast specialist nurses. The UK Department of Health
defines MDT as “experts from different medical fields dis-
cuss patients’ treatment decisions together at a specific time
and place (or by remote/video or teleconference) and each
expert can make diagnosis and treatment decisions about
patients independently.” According to the specific situation,
it can include drug therapists, geneticists, physiotherapists,
psychologists, plastic surgeons, dietitians, and social workers
[35, 36]. This study introduces the concept of multidisciplin-
ary teamwork, in which breast cancer specialist nurses play a
leading role, and imaging technologists, oncologists, and
pharmacists assume different responsibilities in the team.
When specialist nurses encounter problems that cannot be
dealt with alone, they contact team members for multidisci-
plinary consultation and discussion. Members of different
disciplines perform their own functions, complement each
other, and formulate standardized and targeted diagnosis
and treatment plans so that various disciplines integrate
and promote each other and reach a consensus on treatment

Table 1: The DASH score of two groups before nursing and 1
month after nursing.

Grouping Before nursing After one month of nursing

Control group 75:54 ± 2:19 41:82 ± 1:11∗

Research group 75:55 ± 2:12 25:69 ± 1:03∗

t value 0.024 78.998

P value 0.981 0.000

Note: ∗ represents that after one month of nursing in this group, compared
with that before nursing, P < 0:05.

Table 2: The HAMA scores of the two groups before nursing and 1
month after nursing.

Grouping Before nursing After one month of nursing

Control group 8:45 ± 1:33 6:59 ± 1:17∗

Research group 8:51 ± 1:29 4:08 ± 0:15∗

t value 0.240 15.781

P value 0.811 0.000

Note: ∗ represents that after one month of nursing in this group, compared
with that before nursing, P < 0:05.

Table 3: The score of HAMD scale before nursing and 1 month
after nursing in two groups.

Grouping Before nursing After one month of nursing

Control group 10:89 ± 2:12 7:32 ± 1:22∗

Research group 10:92 ± 2:09 6:11 ± 0:13∗

t value 0.075 7.314

P value 0.941 0.000

Note: ∗ represents that after one month of nursing in this group, compared
with that before nursing, P < 0:05.

Table 4: The FACT-B scores of the two groups prenursing and
after 1-month nursing.

Grouping Before nursing After one month of nursing

Control group 60:39 ± 2:84 77:09 ± 4:33∗

Research group 60:44 ± 2:77 85:17 ± 3:04∗

t value 0.093 11.326

P value 0.926 0.000

Note: ∗ represents that after one month of nursing in this group, compared
with that before nursing, P < 0:05.
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methods and ideas. It has improved the medical risk preven-
tion ability of specialist nurses and improved the nursing
quality of breast cancer patients.

Secondly, the members of the individualized nursing
group based on the concept ofMDT cooperate with each other
and give patients professional, standardized, and systematic
nursing intervention, which can improve the nursing quality
and improve the prognosis of patients. Its purpose is to trans-
form the traditional empirical therapy into modern teamwork
therapy and individualized therapy [37, 38]. First of all, on the
premise of accurate diagnosis, the diagnosis process of patients
usually includes the first clinical consultation of patients, the
improvement of imaging examination, the final pathological
diagnosis of tumor puncture, and the formulation of individ-
ual treatment plan according to the specific condition of the
patient. Specifically, breast cancer patients after routine exam-
ination, by imaging doctors, to judge the specific condition of
upper limb dysfunction, upper limb edema and other symp-
toms, by the MDT team to formulate a nursing plan, under
the guidance of the MDT team for treatment and nursing,
until the upper limb edema symptoms are eliminated, so as
to correct the condition of upper limb dysfunction and
improve the quality of life [39, 40].

Third, MDT explores disease treatment strategies by
establishing a multidisciplinary platform, taking people as
the fundamental principle, and relying on team members
of various disciplines, rather than the traditional form of
“disease-centered.” Specifically, in the intervention, rehabili-
tation physicians instruct patients to exercise upper limb
function, which can effectively improve limb function. Psy-
chologists evaluate the psychological state of patients in
time, devote themselves to solving the actual psychological
problems of patients, use positive suggestion, biofeedback,
relaxation training, and other methods for psychological
counseling, and strengthen communication between nurses
and patients. Encouraging family members and spouses to
give more support to patients can effectively alleviate
patients’ anxiety and depression, make patients have more
confidence in treatment, and improve patients’ compliance.
This study still has some shortcomings. Firstly, the quality
of this study is limited due to the small sample size we
included in the study. Secondly, this research is a single-
center study and our findings are subject to some degree of
bias. Therefore, our results may differ from those of large-
scale multicenter studies from other academic institutes.
This research is still clinically significant and further in-
depth investigations will be carried out in the future.

To sum up, the individualized nursing model based on
the MDT concept has high application value for breast can-
cer patients. This nursing model can improve the function of
limb movement, relieve the patient’s anxiety and depression,
and improve the patient’s quality of life. This nursing model
is worthy of clinical promotion.
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This study is aimed at exploring the diagnostic value of advanced glycation end products (AGEs) and homocysteine (Hcy) in
Alzheimer’s disease (AD) complicated with sarcopenia (SP) and to analyze the risk factors related to AD complicated with SP.
A total of 168 patients admitted to our hospital from November 2019 to December 2021 were enrolled. Patients were divided
into the NC (no SP and AD) group with 29 cases, the AD group with 39 cases, the AD+SP group with 35 cases, and the SP
group with 65 cases. The general information, Mini-Mental State Examination (MMSE) scores, and serum levels of AGEs and
Hcy among the four groups were compared. Unordered logistic regression was used to analyze the influencing factors of SP
patients complicated with dementia. The AGE level was higher in the AD or AD+SP group than the NC or SP group (P < 0:05
). There was no significant difference between the SP group and the NC group or between the AD group and the AD+SP
group (P > 0:05). The Hcy level was higher in the SP or AD group than the NC group (P < 0:05). There were no significant
differences between the AD group and NC group or between the SP group and AD+SP group (P > 0:05). The ROC curve of
serum AGEs and Hcy for the diagnosis of AD showed that the area under curve (AUC) was 0.887, P < 0:05 (95% CI: 0.821-
0.954, sensitivity: 80.95%, specificity: 73.81%) and 0.7423, P < 0:05 (95% CI: 0.6382-0.8465, sensitivity: 60.42%, specificity:
57.59%), respectively. The ROC curve of serum AGEs and Hcy for the diagnosis of SP showed that the AUC was 0.5533, P >
0:05 (95% CI: 0.4294-0.6771) and 0.8744, P < 0:05 (95% CI: 0.8006-0.9483). Age (P < 0:001), depression (P = 0:001),
malnutrition (P = 0:002), and BMI (P < 0:001) were independent influencing factors of SP complicated with AD in elderly
inpatients. In conclusion, combined serum AGEs and Hcy had a good diagnostic value for AD combined with SP, which may
be helpful for early detection of patient condition.

1. Introduction

Alzheimer’s disease (AD), a common clinical degenerative
disease of the central nervous system, is mainly character-
ized by destabilization of the neuronal network and neuro-
nal death. Its two major pathological features are the
formation of extracellular insoluble senile plaques and the
tangles of intracellular neuronal fibers [1, 2]. The etiology
and pathogenesis of senile dementia are still unclear, and it
is mostly considered to be a complex brain disease involving
multiple factors and multiple pathological pathways. Sarco-

penia (SP) is a new type of geriatric syndrome that has
become popular in recent years, which refers to an age-
related decrease in muscle mass, accompanied by the
decrease in muscle strength and/or physical function [3].
In China, SP is still in the stage of low awareness rate and
lack of awareness of prevention and treatment. The main
clinical manifestations of SP are the decrease in mobility
and body balance and difficulty in completing daily activities
such as walking and sitting, and adverse events, such as falls,
fragility fractures, and osteoporosis, are prone to occur [4].
Age, exercise, diabetes, inflammatory cytokines, vitamin D,
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hormone levels, etc., are all high-risk factors for SP, but their
correlations need further study.

Increasing studies have shown that AD and SP have
many overlapping phenomena in the pathogenesis and path-
ological changes [5, 6]. Studies have reported that at least
40% of patients diagnosed with SP have pathological
changes in AD [7]. Studies have shown that early interven-
tion for SP makes the disease reversible to a certain extent
[8], but the current treatment for AD only controls symp-
toms and delays the progression of the disease. Therefore,
it is crucial to study the possible common pathogenesis of
AD and SP and their relationship and thus to explore their
common biomarkers, so as to implement early diagnosis
and intervention for AD and SP patients.

In recent years, the relationship between advanced glyca-
tion end products (AGEs) and AD has attracted more and
more attention. AGEs are stable end products generated by
nonenzymatic reaction between free amino groups, such as
groups of proteins, lipids, nucleic acids, and other macro-
molecules and carbonyl groups of glucose or other reducing
sugars. Under normal conditions, AGEs-modified proteins
act as a signal to participate in the removal of aging tissues
and structural reconstruction in the body. Under pathologi-
cal conditions, AGEs can cause the abnormity of cellular
structure and function of tissues, resulting in a series of
pathological changes [9]. Current research shows that AGEs
accelerate human aging and are related to the occurrence of
a variety of chronic degenerative diseases [10], and it is
believed that AGEs may also be one of the causes of AD.
However, there are few studies related to SP and AGEs,
which needs further exploration.

Homocysteine (Hcy) belongs to a noncoded amino acid
and a transitional product of methionine cycle. As a neuro-
toxin, Hcy maintains normal physiological level by remethy-
lation to methionine, among which vitamin B6, folic acid,
and B12 are common nutrients in the diet [11]. Recent stud-
ies have also demonstrated that Hcy is a risk factor for car-
diovascular and cerebrovascular diseases [12]. Geisel et al.
have shown that Hcy can activate N-methyl-D-aspartate
receptor (NMDAR), leading to neuronal death in the hippo-
campus [13]. Hcy also has an excitotoxic effect on hippo-
campal neurons, inducing dementia [13]. Importantly, Hcy
was considered a main risk coefficient for AD as high plasma
concentrations were related to the progression of this disease
[14]. High Hcy serum concentration was also associated
with behavioral and psychological evidence of AD [15].
However, its relation to SP and whether it could be used as
a biomarker for early diagnosis of SP remains unexplored.

Therefore, this study is aimed at explore the diagnostic
values of AGEs and Hcy underlying the pathogenesis of
AD and SP and possible relationship between them and
search possible laboratory markers with diagnostic value,
which provides clinical possibilities for early detection, diag-
nosis, and prevention of the disease.

2. Materials and Methods

2.1. General Data. A total of 168 patients admitted to the
Department of Neurology in our hospital from November

2019 to December 2021 were collected, including 102 males
and 66 females, with an age distribution of 64-88 years, and
an average age of 71:40 ± 6:18 years. This study was
approved by the Ethics Committee of our hospital, and the
informed consent was signed before treatment. Inclusion
criteria are as follows: (1) age ≥ 60 years old; (2) well
informed and agreed to participate in this study; (3) able
to read, write, and speak Chinese normally and able to com-
plete the questionnaire; and (4) able to move freely and able
to complete pace, grip strength, and balance tests. Exclusion
criteria are as follows: (1) a history of intracranial infection
and other serious autoimmune diseases; (2) serious diseases
(malignant tumors, severe liver, and kidney damage), etc.;
and (3) MRI or CT confirmed cerebral infarction or cerebral
hemorrhage and hemiplegia patients. According to whether
the patients had SP and dementia, they were divided into
the no SP and AD (NC) group (n = 29), the AD group
(n = 39), the AD and SP group (n = 35), and the SP group
(n = 65).

2.2. Data Collection. Within 4 h after admission, nervous
system physical examination of all the inclusive research
objects was performed by professional neurologists with
information and medical history recorded. The anticoagula-
tion tubes were used to store the fasting elbow venous blood
drawn early in the morning. After 1 h, the serum was sepa-
rated by centrifugation of 3000 r/min for 10min. The sepa-
rated serum was dispensed with the frozen pipe to freeze
up at -80°C refrigerator for detection of indicators such as
blood biochemistry, serum AGES, and Hcy. Within 48 h of
admission, the head CT or skull MR, cerebrovascular and
carotid duplex ultrasound, electrocardiogram, chest X-ray,
and other inspections were performed. Basic information,
such as name, gender, age, height, and weight, were col-
lected. Smoking, drinking, hypertension, diabetes history,
and stroke history were collected. MMSE and HIS scale were
evaluated. Bodymass index = body weight/height2 (kg/m2).
All experiments on humans were conducted in accordance
with the Declaration of Helsinki (1964) and were approved
by the ethical committee of the First People’s Hospital of
Lianyungang.

2.3. Detection of Serum AGEs and Hcy. Serum AGE and Hcy
kits were purchased from Wuhan Canvest Biotechnology
Co., Ltd. The frozen specimens (50μL of serum) were placed
in a 37°C water bath for instant dissolution once obtained
and then measured by double-sandwich enzyme-linked
immunosorbent assay (ELISA). In the process, a full-
wavelength GeminiXPS fluorescent microplate reader was
used for analysis, and the experimental steps were shown
in the instructions of the kit.

2.4. Analysis of Risk Factors. Diagnostic criteria for risk fac-
tors are as follows: (1) hypertension: had a history of hyper-
tension or were taking antihypertensive drugs; systolic blood
pressure ≥ 140mmHg and/or diastolic blood pressure ≥ 90
mmHg measured in resting state for 2 consecutive times
without taking antihypertensive drugs; (2) diabetes: had a
history of diabetes or were taking hypoglycemic drugs/
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insulin to control blood glucose; fasting blood glucose ðFBG
Þ ≥ 7:00mmol/L, 2 h postprandial glucose ð2hPGÞ ≥ 11:10
mmol/L, with or without diabetes symptoms; (3) smoking:
average smoking ≥ 10 cigarettes/day and duration >1 year;
(4) drinking: drinking any beer, liquor, or wine, average eth-
anol intake ≥ 30 g/day and duration > 1 year.

2.5. Mini-Mental State Examination (MMSE). The MMSE
scale was currently the most commonly used and influential
scale in the world. The scale included orientation, memory,
calculation and attention, recall ability, and language ability.
Language ability included naming ability, repetition ability,
three-step commands, reading ability, writing ability, and
structural ability, with a total score of 30 points, and it took
about 5-10 minutes [16]. 27-30 points were normal, and <27
points were AD. Dementia criteria are as follows: illiteracy
≤ 17 points, primary school education ðeducation years ≤ 6
yearsÞ ≤ 20 points, middle school ðincluding technical
secondary schoolÞ ≤ 22 points, and college and above ð
including junior collegeÞ ≤ 23 points. Dementia degree eval-
uation: 21-24 points were mild; 10-20 points were moderate;
≤9 points were severe.

2.6. Montreal Cognitive Assessment (MoCA). Montreal Cog-
nitive Assessment (MoCA) included visuospatial and execu-
tive function (0-5 points), attention (0-6 points), delayed
recall memory (0-5 points), naming (0-3 points), language
(0-3 points), abstraction (0-2 points), and orientation (0-6
points), with a total score of 30 points [17]. When the score
was less than or equal to 18 points, the patient was identified
as dementia. Dementia degree evaluation: 18-15 points were
mild; 15-10 points were moderate; ≤9 points were severe.

2.7. Diagnosis of SP. This study used the diagnostic criteria of
the Asian Working Group for Sarcopenia (AWGS) (2019)
[3] to diagnose SP. (1) Appendicular skeletal muscle mass
index (ASMI) measurement: it was measured by bioelectri-
cal impedance analysis (Inbody S10), where ASMI < 7:0 kg/
m2 for males and <5.7 kg/m2 for females were defined as
the decline of skeletal muscle mass. (2) Grip strength mea-
surement: it was measured by the grip strength tester
(Xiangshan EH101). The research subjects were required to
hold the grip strength meter with all their strength when
standing, and the left and right hands were measured 3
times, respectively, and the maximum value was taken.
Men < 28 kg and women < 18 kg were the decline of grip
strength. (3) Physical activity ability: it was measured by
the 6m pace measurement method. The pace of ≤1.0m/s
was regarded as the decline of physical function. SP was
diagnosed when a subject had a decrease in skeletal muscle
mass accompanied by a decrease in grip strength or physical
function.

2.8. Assessment of Mental State. The Geriatric Depression
Scale (GDS-5) was used to evaluate the depressive symptoms
of the research subjects. It contained 5 items totally, and the
subjects answered “yes” or “no.” The answer “yes” was
scored 1 point, “no” was scored 0 points, and the total score
over 2 points indicated that there may be depressive symp-
toms [8].

2.9. Assessment of Nutritional Status. The nutritional status
was assessed using the mini nutritional assessment-short
form (MNA-SF), with 14 points as total scores, 12-14 points
as normal nutritional status, 8-11 points as the risk of mal-
nutrition, and 0~ 7 points to malnutrition [18].

2.10. Statistical Analysis. SPSS 20.0 software was used for
statistical analysis of data. Measurement data were expressed
as mean ± standard deviation, and ANOVA was used for
comparison between groups; enumeration data was
expressed as the number of cases (%), and chi-square test
was used for comparison between groups; unordered logistic
regression was used to analyze the influencing factors of SP
patients complicated with AD. The area under the curve of
AGEs and Hcy in the diagnosis of AD and SP; the corre-
sponding sensitivity, specificity, and 95% confidence interval
were calculated. The test standard was α = 0:05, and P < 0:05
was considered statistically significant.

3. Results

3.1. Comparison of Basic Data among Four Groups. Among
the included patients, 65 (38.69%) were in the SP group, and
39 (23.21%) were in the AD group; 35 (20.83%) were in the
AD+SP group, and 29 (17.27%) were in the NC group. Statis-
tical analysis showed that there were significant differences in
age, BMI, hypertension, DM, cerebrovascular disease, osteo-
porosis, education level, depression, and nutritional status
among the patients in each group (P < 0:05 or P < 0:001). At
the same time, there were no significant differences in gender,
cardiovascular disease, currently smoking, falls in the last 12
months and daily medication > 4 kinds among the patients
in each group (P > 0:05), as shown in Table 1.

3.2. Comparison of Serum AGE Level among Four Groups.
There was a statistically significant difference in serum AGEs
among four groups (P < 0:05:) Pairwise comparison showed
that the level of AGEs in the AD group was higher than that
in the SP group, and the difference was statistically signifi-
cant (P < 0:05); the level of AGEs in the AD group was
higher than that in the NC group, and the difference was sta-
tistically significant (P < 0:05); the level of AGEs in the AD
+SP group was higher than that in the SP group, and the dif-
ference was statistically significant (P < 0:05); the level of
AGEs in the AD+SP group was higher than that in the NC
group, and the difference was statistically significant
(P < 0:05); there was no significant difference between the
SP group and the NC group or between the AD group and
the AD+SP group (P > 0:05) (Figure 1).

3.3. Comparison of Serum Hcy Level among Four Groups.
There was a statistically significant difference in Hcy among
four groups. Pairwise comparison showed that the level of
Hcy in the SP group was higher than that in the NC group,
and the difference was statistically significant (P < 0:05); the
level of Hcy in the AD group was higher than that in the NC
group, and the difference was statistically significant
(P < 0:05); the level of Hcy in the AD+SP group was higher
than that in the NC group, and the difference was statisti-
cally significant (P < 0:05); there was no significant
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difference between the AD group and SP group or between
the SP group and AD+SP group or between the AD group
and AD+SP group (P > 0:05) (Figure 2).

3.4. Diagnostic Characteristic Curves of Subjects. The ROC
curve of serum AGEs for the diagnosis of AD showed that
the area under curve (AUC) was 0.887, P < 0:05 and 95%
CI was 0.821-0.954, indicating that serum AGEs have a high
diagnostic value for AD, and the critical value of serum
AGEs for the diagnosis of AD was 518.5 ng/L, with a diag-
nostic sensitivity of 80.95% and a specificity of 73.81%.
The ROC curve of serum AGEs for the diagnosis of SP
showed that the AUC was 0.5533, P > 0:05 and 95% CI
was 0.4294-0.6771, indicating that serum AGEs have no
diagnostic value for SP (Figure 3).

The ROC curve of serum Hcy for the diagnosis of AD
showed that the AUC was 0.7423, P < 0:05 and 95% CI
was 0.6382-0.8465, P < 0:05, indicating that serum Hcy has
a diagnostic value for AD, with a diagnostic sensitivity of
60.42% and a specificity of 57.59%. The ROC curve of serum
Hcy for the diagnosis of SP showed that the AUC was
0.8744, P < 0:05 and 95% CI was 0.8006-0.9483, indicating
that serum Hcy has a good diagnostic value for SP, and the
critical value of serum Hcy for the diagnosis of SP was
34.5, with a diagnostic sensitivity of 88.10% and a specificity
of 72.16% (Figure 4).

The ROC curve of combined AGEs and Hcy for the
diagnosis of AD and SP showed that the AUC was 0.9311,
P < 0:05; 95% CI was 0.8845-0.9818, P < 0:05; the sensitivity
was 88.10%, and the specificity was 78.57%, indicating that
combined serum AGEs and Hcy have a good diagnostic
value for AD and SP (Figure 5).

Table 1: Basic data in four groups.

Item NC SP AD AD+SP P

Age (year) 80:59 ± 7:36 84:22 ± 7:13 87:88 ± 6:72 90:48 ± 5:21 <0.001
Gender

Male 19 (65.52) 40 (61.52) 23 (58.97) 20 (57.14) 0.763

Female 10 (34.48) 25 (38.45) 16 (41.03) 15 (42.86)

BMI (x ± s) 24:33 ± 2:58 21:62 ± 2:36 26:08 ± 3:11 21:64 ± 3:18 <0.001
Comorbidity

Hypertension 21 (72.41) 36 (55.37) 34 (69.23) 27 (77.14) 0.008

DM 15 (51.72) 24 (36.91) 35 (89.74) 14 (40.00) 0.012

Cardiovascular disease 9 (31.03) 21 (32. 30) 16 (41.03) 15 (42.86) 0.071

Cerebrovascular disease 19 (65.52) 38 (58.44) 24 (61.54) 29 (82.85) 0.032

Osteoporosis 7 (24.08) 31 (47.68) 9 (23.08) 11 (31.43) <0.001
Education level

≤6 years 1 (3.44) 4 (6.15) 6 (15.38) 2 (5.71) <0.001
>6 years and <12 years 14 (48.16) 28 (43.06) 20 (51.28) 26 (74.29)

≥12 years 13 (44.72) 33 (50.75) 12 (30.77) 8 (22.86)

Currently smoking 3 (10.32) 3 (4.61) 3 (7.69) 2 (5.71) 0.407

Falls in the last 12 months 8 (27.52) 2 (33.83) 12 (30.77) 9 (25.71) 0.476

Daily medication > 4 kinds 17 (58.48) 34 (52.29) 26 (66.66) 22 (62.85) 0.243

Depression 1 (3.44) 9 (13.84) 7 (17.95) 7 (20.00) <0.001
Malnutrition 2 (6.88) 18 (27.68) 8 (20.51) 21 (60.00) <0.001
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Figure 1: Serum AGEs level in four groups. Note: ∗P < 0:05, vs. the
NC group; #P < 0:05, vs. the SP group.
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Figure 2: Serum Hcy level in four groups. Note: ∗P < 0:05, vs. the
NC group.
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3.5. Logistic Regression Analysis of the Influencing Factors of
SP Complicated with AD in Elderly Inpatients. Taking the NC
group as the reference group, the abovementioned statistically
significant factors were incorporated into the disordered logis-
tic regression model. The results showed that age (P < 0:001),
depression (P = 0:001), malnutrition (P = 0:002), and BMI
(P < 0:001) were all independent influencing factors in the
SP+AD group, as shown in Table 2.

4. Discussion

AD, a neurological disease with a high incidence rate among
middle-aged and elderly people, seriously affects the quality
of life and physical and mental health of the elderly and also
brings a heavy burden to the family and society. SP, an age-
related decline in skeletal muscle mass, muscle strength,
and/or physical activity, is associated with adverse outcomes
in older adults, such as decreased functional status, falls,
poor quality of life, and increased mortality [6]. SP is consid-
ered an important public health problem due to its impor-
tant clinical, economic, and social consequences and has
now been formally recognized as a muscle disease. More
and more studies have shown that AD and SP have a com-
mon pathogenesis. Researches on the possible risk factors
of AD and SP, early intervention, and early diagnosis are
essential to improve the treatments of patients and reduce
the burden on families and society.

There are many studies on the relationship between AGEs
and AD, and the main mechanisms leading to the pathogenesis
may be as follows: AGEs can lead to the occurrence and devel-
opment of AD through a variety of ways, such as modifying Aβ
and Tau proteins, triggering inflammatory responses, causing
mitochondrial dysfunction, producing oxidative stress damage
and affecting cell metabolism, the cycle of neurons, autophagy,
and the permeability of the blood-brain barrier, etc. [19]. There
are few studies onAGEs and SP, most of which show that AGEs

Figure 3: ROC curve of AGEs for the diagnosis of AD and SP.

Figure 4: ROC curve of serum Hcy for the diagnosis of AD and SP.

Figure 5: ROC curve of combined AGEs and Hcy for the diagnosis
of AD and SP.
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play an important role in the regulation of calcium and phos-
phorus, increasing serum calcium ion concentration and
improving neuromuscular activity, and can also bind to vitamin
D receptors, increasing the production of osteocalcin and osteo-
pontin [20]. A study has revealed that the reduced vitamin D
level can affect the homeostasis of insulin resistance in the
elderly, thereby promoting the occurrence of SP [21]. In this
study, AGEs in the AD group and the AD+SP group were sig-
nificantly higher than those in the NC group and the SP group,
and the difference was statistically significant, which was consis-
tent with literature reports, suggesting that AGEs may promote
the occurrence and development of AD through the abovemen-
tioned various mechanisms. The sensitivity and specificity of
AGEs for the diagnosis of AD were calculated by drawing the
ROC curve. The ROC curve of serum AGEs for the diagnosis
of AD showed that the AUC was 0.887, P < 0:05 and 95% CI
was 0.821-0.954, indicating that serum AGEs had a high diag-
nostic value for AD, and the critical value of serum AGEs for
the diagnosis of ADwas 518.5ng/L, with a diagnostic sensitivity
of 80.95% and a specificity of 73.81%. The ROC curve of serum
AGEs for the diagnosis of SP showed that the AUC was 0.5533,
P > 0:05, and 95% CI was 0.4294-0.6771, indicating that serum
AGEs had no diagnostic value for SP.

Hcy, a sulfur-containing amino acid, is involved in the
methionine cycle and is the product of methionine demeth-
ylation [22]. Some cross-sectional studies and prospective
longitudinal epidemiological studies have shown that high
Hcy level may increase the risk of AD [23]. However, a
recent study has demonstrated that the elevated Hcy level
is not associated with the occurrence, severity and progres-
sion of AD [24]. Studies have shown that high Hcy level
may have an independent role in the pathogenesis of SP,
and some cross-sectional studies have also shown that Hcy
level is upregulated in SP patients [25]. The KIM study has
revealed that high Hcy level is associated with brain atrophy,

but whether reducing Hcy level can delay the progression of
dementia or prevent the progression of neurodegenerative
disease requires further research [26]. The ROC curve of
serum Hcy for the diagnosis of AD showed that the AUC
was 0.7423, P < 0:05, and 95% CI was 0.6382-0.8465, P <
0:05, indicating that serum Hcy had a significant diagnostic
value for AD, with a diagnostic sensitivity of 60.42% and a
specificity of 57.59%. The ROC curve of serum Hcy for the
diagnosis of SP showed that the AUC was 0.8744, P < 0:05,
and 95% CI was 0.8006-0.9483, indicating that serum Hcy
had a good diagnostic value for SP, and the critical value
of serum Hcy for the diagnosis of SP was 34.5, correspond-
ing to a diagnostic sensitivity of 88.10% and a specificity of
72.16%. The ROC curve of combined AGEs and Hcy for
the diagnosis of AD and SP showed that the AUC was
0.9311, P < 0:05; 95% CI was 0.8845-0.9818, P < 0:05; the
sensitivity was 88.10%, and the specificity was 78.57%, indi-
cating that combined serum AGEs and Hcy had a good diag-
nostic value for AD and SP.

The results of this study showed that the risk of SP com-
plicated with AD increased by 1.221 times per year as the
elderly patients aged. Under normal circumstances, the mus-
cle mass and muscle strength of the human body will change
with age. For most people over 50 years old, the muscle mass
of the legs will decrease at a rate of 1% to 2% per year, and
the muscle strength will also decrease by 1.5% to 5.0% per
year [27]. At present, the biggest known risk factor for AD
is increasing age, as is proved in its prevalence. Therefore,
in clinical work, attention should be paid to screening for
SP and AD in elderly patients.

This study also showed that elderly inpatients with or at
risk of malnutrition are more likely to develop SP complicated
with AD compared with elderly inpatients with normal nutri-
tion (OR = 4:907, 95% CI: 1.685-14.108, P = 0:002). This may
be due to the fact that malnutrition can lead to lower serum

Table 2: The influencing factors of SP and/or AD in each group.

Groups Variables P SE Wald X2 P OR (95% CI)

SP

Intercept 3.784 1.856 4.387 0.035 —

Age 0.046 0.023 8.201 0.004 1.028 (1.017-1.093)

BMI -0.392 0.059 44.384 <0.001 0.703 (0.619-0.770)

Depression 2.108 0.676 9.703 0.002 7.764 (2.140-28.525)

Osteoporosis 1.092 0.311 12.632 <0.001 2.897 (1.633-5.437)

AD

Intercept -9.337 2.876 11.517 0.001 —

Age 0.112 0.034 12.341 <0.001 1.112 (1.045-1.170)

Education level ≥ 6 years 2.273 0.663 12.444 <0.001 10.144 (2.802-36.662)

Malnutrition 1.056 0.532 4.521 0.032 2.954 (1.088-8.091)

Depression 1.907 0.709 7.317 0.006 6.546 (1.675-25.524)

AD+SP

Intercept -12.976 4.573 8.309 0.003 —

Age 0.223 0.046 19.972 < 0.001 1.227 (1.138-1.392)

BMI -0.415 0.081 25.535 < 0.001 0.633 (0.549-0.768)

Malnutrition 1.626 0.572 8.556 0.002 4.907 (1.685-14.108)

Depression 2.419 0.810 9.338 0.001 10.873 (2.345-49.885)

The first P represented the regression coefficient. The second P is a parameter used to determine the result of a hypothesis test, with P < 0:05 indicates
significance.
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albumin level in patients. Protein is a component of muscle,
and low protein intake can lead to low muscle mass, which
leads to SP. Studies have found that AD patients have a higher
risk of malnutrition compared with people with normal cogni-
tive function [28]. It can be seen that attention should be paid
to the nutritional status of elderly inpatients clinically. For
patients at risk of malnutrition, further screening for SP and
AD should be performed, and interventions such as nutri-
tional supplementation and exercise training should be taken
as soon as possible.

It is worth noting that the risk of SP complicated with
AD in the elderly patients with depression in this study
was 10.873 times that of the elderly patients without depres-
sion. There may be common pathophysiological mecha-
nisms between SP and mental disorders (depression, AD).
Skeletal muscle can release neurotrophic factors that nourish
neuron growth and differentiation during contraction,
which can have a positive effect in mood changes [29]. In
addition, depression can reduce appetite, and result in insuf-
ficient protein intake, thereby causing the decreased muscle
mass. A meta-analysis by Taiwanese scholars also has shown
that with exclusion of confounding factors such as age, gen-
der, cognitive function, and physical activity; SP is positively
correlated with depression (OR = 1:821, 95% CI: 1.160-
2.859) [30]. There is also a significant correlation between
depression and AD in the elderly. Neurodegenerative
changes [26], vascular damage, and neuroinflammatory
changes [31], etc., are the common pathophysiological
mechanisms between depression and AD. Another meta-
analysis has shown that the prevalence rate of depression
in mild AD patients was 32% (95% CI: 27%-37%), that is,
1 out of every 3 mild AD patients has a simultaneous suffer
from depression [32]. In conclusion, screening for depres-
sive symptoms in the elderly is critical for identifying SP
and AD.

5. Conclusion

The combined serum AGEs and Hcy have a good diagnostic
value for AD complicated with SP, which can help to detect
the patient’s condition early. In addition, age, depression,
malnutrition and BMI are independent influencing factors
of SP complicated with AD in elderly inpatients. These
patients should be given sufficient attention in treatment
and daily life.
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Objective. Vitamin D insufficiency and the cognitive function decline are both common in patients receiving hemodialysis (HD).
The present study evaluated the relation between cognitive function and circulating vitamin D levels in HD patients in Wannan
Medical College Affiliated Yijishan Hospital, China. Methods. This study was conducted in 80 patients receiving HD in Wannan
Medical College Affiliated Yijishan Hospital. To measure cognitive function, Montreal Cognitive Assessment-Basic (MoCA-B)
Chinese Version was used. The 25-hydroxyvitamin D [25(OH)D], which is applied to assess vitamin D status, was tested. One-
way ANOVA, Tukey post hoc test, and the correlation and regression analysis were used in this study. Results. Based on the
MoCA-B, cognitive function decline (the scores below 26) was present in 28 HD patients, accounting for 35% (28/80). The
mean age of these patients is 50:5 ± 10:9 years old. The mean level of 25(OH)D was 16:1 ± 7:3 ng/ml in 80 HD patients. In
univariate analysis, there was a significant relationship between MoCA-B score and serum 25(OH)D level (p < 0:05). The level
of 25(OH)D was positively correlated with MoCA-B score (r = 0:312, p = 0:023), and the association was independent of
demographic and clinical features. Conclusions. Vitamin D insufficiency may contribute to cognitive function decline in HD
patients. Serum level of 25(OH)D is an independent protective factor of cognitive function in the HD patients.

1. Introduction

Chronic kidney disease (CKD) has become a major public
health problem worldwide. According to the 2012 national epi-
demiological survey, the overall prevalence of CKD was 10.8%
[1] in China, that is, there are about 130 million patients with
CKD in China. CKD are independent risk factors for cognitive
dysfunction [2]. Cognitive function decline is common in dial-
ysis patients, with the prevalence of mild to moderate cognitive
dysfunction up to 70% in hemodialysis (HD) population [3].
What is more, cognitive dysfunction is an independent predic-
tive factor for all-cause mortality in the patients undergoing
HD. Therefore, cognitive function decline will become a more
and more serious problem in this population [4].

Vitamin D is a kind of fat-soluble seco-steroid necessity
for calcium uptake and bone metabolism [5], which is mainly

synthesized in the skin after sun exposure. Vitamin D insuffi-
ciency has been reported to be common among patients with
CKD [6] because of declined renal function and vitamin D
metabolism disorder [7]. Vitamin D insufficiency has also
been related to many statuses, such as obesity, cardiovascular,
and neurodegenerative diseases [8, 9]. Some literatures have
demonstrated that vitamin D is closely related to cognitive
function decline [10, 11]. Therefore, vitamin D insufficiency
is considered as a potentially reversible hazard factor of
declined cognitive function. However, little is known about
the relationship between the level of vitamin D and the cogni-
tive function in HD patients of China.

25-Hydroxyvitamin D [25(OH)D] (with a half-life of 2-3
weeks [12]) is a metabolite of vitamin D and is also consid-
ered as the main circulating form of vitamin D. It is widely
applied to assess vitamin D status. Thus, in this study, our
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purpose is to assess the association between 25(OH)D level
and cognitive function in HD patients at a single hemodial-
ysis center.

2. Patients and Methods

2.1. Study Population. All the HD participants (from Wannan
Medical College Affiliated Yijishan Hospital) were patients
aged 30–82 years who were receiving HDmore than 6 months.
The study was approved by the Ethics Committee of Yijishan
Hospital Affiliated to Wannan Medical College. The written
approval consents from participants and/or their guardians
were obtained prior to enrollment in the study. Exclusion
criteria were: age < 18years or >90years; HDvintage < 6
months; suffered from dementia, cerebrovascular disease,
infection, or other serious illnesses such as malignancy during
the 6 months before the study; unable or unwilling to answer
the questionnaire. None of the patients had taken vitamin D
during the study.

2.2. Hemodialysis. All the patients were receiving conven-
tional HD (thrice weekly, 4 h each time) through autologous
arteriovenous fistula and used “Gambro” HD machine,
“Gambro” Polyflux L capillary dialyzers, and bicarbonate
dialysate. The blood flow ranged from 220 to 260ml/min
with a dialysate flow of 500ml/min. All the patients were
injected intravenously with low molecular heparin before
HD for anticoagulation, according to body weight (60-
80 IU/kg). All of them were treated with recombinant
human erythropoietin (rhEPO) according to their anemia
status and L-Carnitine after each session of HD.

2.3. Laboratory Measurements. The clinical, laboratory tests in
HD patients were performed at the beginning of the study.
Blood for assessment of biochemical characteristics were col-
lected from the HD patients, after fasting for more than 8
hours. The isolated serum samples were measured for the bio-
chemical parameters, such as albumin, blood glucose, renal
function (including blood urea nitrogen and serum creati-
nine), lipids profiles (including total cholesterol, triglycerides,
high-density lipoprotein cholesterol, and low-density lipopro-
tein cholesterol), calcium and phosphorus and intact parathy-
roid hormone (iPTH), and vitamin D status [25(OH)D].

2.4. Cognitive Assessment Examination. The Chinese transla-
tion version of MoCA-B test was administered in all partic-
ipants. The full score of MoCA-B test is 30, and a score
below 26 is indicative of cognitive function decline. The test-
ing personnels have been trained by the neurologist.

2.5. Statistical Analyses. All the data were analyzed by SPSS
22.0 statistical software. The continuous variables were
expressed as means (standard deviation), and categorical
variables were summarized as numbers and percentages.
One-way ANOVA and subsequent Tukey post hoc test were
used to analyze the data between the groups. Further, the cor-
relation and regression analyses between demographic, clini-
cal laboratory features, and MoCA-B scores were performed.
p < 0:05 was regarded as a significant difference.

Table 1: Demographic information and laboratory data and
MoCA-B scores of HD patients (N = 80).

Characteristics Outcomes

Age, yr (range) 52:3 ± 11:1 (30-82)

Males, N (%) 43 (53.75)

Females, N (%) 37 (46.25)

Education, yr N (%)

0-3 13 (16.25)

3-6 35 (43.75)

6-12 30 (37.5)

>12 2 (2.50)

Antecedents, N (%)

Diabetes 38 (47.5)

Hypertension 8 (10.0)

Glomerulonephritis 32 (40.0)

Others 2 (2.5)

Duration of HD (months) 53:6 ± 26:4
Smokers, N (%) 3(3.75)

Predialysis SBP, mmHg 140:2 ± 20:3
Predialysis DBP, mmHg 73:3 ± 9:5
MAP, mmHg 95:6 ± 11:4
MoCA-B score 26:1 ± 2:0 (22-30)

MoCA − B score < 26
N (%) 28 (35)

Age, yr 50:5 ± 10:9
Clinical laboratory characteristics

25(OH)D, ng/ml 16:1 ± 7:3
Hb, g/l 112:6 ± 16:8
Alb, g/l 40 ± 4:4
BUN, mmol/l 24:4 ± 8:4
Scr, μmol/l 877:1 ± 231:3
Ca, mmol/l 2:4 ± 0:2
P, mmol/l 1:7 ± 0:5
BG, mmol/l 5:3 ± 2:0
TC, mmol/l 4:0 ± 1:0
TG, mmol/l 1:7 ± 0:8
HDL-C, mmol/l 1:3 ± 0:3
LDL-C, mmol/l 2:2 ± 0:7
iPTH, pg/ml 317:5 ± 317:4

Continuous variables are expressed asmeans ± SD, and categorical variables
were summarized as numbers (percentages). SBP: systolic blood pressure;
DBP: diastolic blood pressure; MAP: mean arterial pressure; 25(OH)D: 25
hydroxyvitamin D; Hb: hemoglobin; Alb: albumin; BUN: blood urea
nitrogen; Scr: serum creatinine; Ca: calcium; P: phosphorus; BG: blood
glucose; TC: total cholesterol; TG: triglyceride; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; iPTH:
intact parathyroid hormone; mM: mmol/l.
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3. Results

The demographic information and clinical laboratory data
and MoCA-B scores of patients receiving HD are presented
in Table 1. In total, 80 subjects comprising 43 (53.75%)
males and 37 (46.25%) females were enrolled to this study,
and fortunately, no one dropped out of this research. The
average age of the subjects was 52:3 ± 11:1 years old (from
30 to 82 years old). The primary causes contributed to HD
are chronic glomerulonephritis, hypertension, and diabetes,
accounting for 40%, 10%, and 47.5%, respectively.

In our study, the mean MoCA-B score of all the partici-
pants was 26:0 ± 2:0 (ranged between 22 and 30). 28 patients
showed cognitive function decline (MoCA − B score < 26),
accounting for about 35%. The mean age of those patients
withMoCA − B score < 26 is 50:5 ± 10:9 years old. The demo-
graphic, laboratory features, andMoCA-B scores of the partic-
ipants were displayed in Table 2. There was no significant
difference in demographic and laboratory features except
MoCA-B scores. From Table 2, we can see that the lower the
25(OH)D level, the worse the cognitive function may be.

The Spearman rank correlation test (Table 3) shows
MoCA-B score was positively correlated with 25(OH)D
(r = 0:312, p = 0:023). However, MoCA-B score showed no

correlation with demographic parameters (such as age, sex,
and years of education) and other clinical parameters (such
as concentrations of hemoglobin and other biochemical
parameters).

Table 4 presented the association of serum 25(OH) D ter-
tiles with MoCA-B scores in the HD patients. After adjusting
age, sex, education, smoking, HD duration, and the clinical
and laboratory parameters (such as SBP, DBP, Hb, Alb, BUN,
Scr, Ca, P, BG, iPTH, TC, TG, HDL-C, and LDL-C), compared
with the subjects in tertiles 1 [25ðOHÞD ≤ 10:77 ng/ml], there
was significant protection for cognitive function with the sub-
jects in tertiles 3 [25ðOHÞD > 19:24 ng/ml] (OR = 2:113; 95%
CI 0.971-4.397; p = 0:037). The average MoCA-B score
(26:0 ± 1:8) of subjects in tertiles 2 [25(OH)D: 10.77–
19.24ng/ml] increased, compared with that in tertiles
1(OR = 2:203; 95% CI 1.732-2.488,p=0.261), but there was
no significant statistical difference between two groups (tertiles
1 versus tertiles 2).

4. Discussion

In our current study, HD patients had a relative high preva-
lence of cognitive function decline, and the level of serum
25(OH)D is positively related to the MoCA-B score in the

Table 2: Demographic, laboratory features, and MoCA-B scores of three groups.

Variable Tertile 1 Tertile 2 Tertile 3 p

25(OH)D(ng/ml) ≤10.77 10.77-19.24 >19.24 —

Age (yr) 53 ± 12:5 49:6 ± 10:6 54:2 ± 9:9 0.206

Male (n) 15 12 16 0.624

Female (n) 11 15 11 0.569

Education (yr) 6:7 ± 2:4 6:6 ± 2:4 7:0 ± 2:4 0.074

Smokers (n) 1 1 1 —

SBP, mmHg 144:2 ± 19:2 145:0 ± 18:0 131:5 ± 21:3 0.097

DBP, mmHg 74:8 ± 11:2 74:9 ± 8:9 70:1 ± 8:2 0.324

Duration of dialysis (months) 48:8 ± 31:5 53:7 ± 24:1 48:4 ± 23:2 0.247

Hb, g/l 113:1 ± 22:2 110:6 ± 15:1 113:9 ± 12:2 0.812

Alb, g/l 39:5 ± 5:4 38:9 ± 4:2 41:7 ± 2:7 0.746

BUN, mmol/l 20:5 ± 5:5 22:1 ± 7:3 20:8 ± 5:6 0.692

Scr, μmol/l 837:0 ± 241:8 853:7 ± 242:1 939:3 ± 203:6 0.186

Ca, mmol/l 2:4 ± 0:2 2:3 ± 0:2 2:4 ± 0:2 0.717

P, mmol/l 1:7 ± 0:4 1:7 ± 0:5 1:7 ± 0:5 0.826

BG, mmol/l 5:3 ± 2:7 5:3 ± 1:9 5:3 ± 1:0 0.844

TC, mmol/l 4:0 ± 1:0 4:0 ± 1:0 3:9 ± 1:0 0.656

TG, mmol/l 1:7 ± 0:7 1:8 ± 1:0 1:6 ± 0:7 0.532

HDL-C, mmol/l 1:3 ± 0:3 1:3 ± 0:3 1:3 ± 0:3 0.781

LDL-C, mmol/l 2:2 ± 0:8 2:2 ± 0:6 2:1 ± 0:7 0.889

iPTH, pg/ml 292:5 ± 253:5 332:1 ± 305:3 326:5 ± 266:9 0.068

MoCA-B score 24:8 ± 1:7 26:0 ± 1:8 27:5 ± 1:7 0.042

25(OH)D: 25-hydroxyvitamin D; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; Hb: hemoglobin; Alb: albumin;
BUN: blood urea nitrogen; Scr: serum creatinine; Ca: calcium; P: phosphorus; BG: blood glucose; TC: total cholesterol; TG: triglyceride; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; iPTH: intact parathyroid hormone.
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HD population. This relationship was independent of demo-
graphic and clinical laboratory features. Our results also
demonstrated that the high level of 25 (OH)D in serum
was an independent protective factor for predicting good
cognitive function in Chinese HD patients.

Cognitive function decline can occur at all stages of CKD,
including early stage [13] and end stage [14]. In addition to
cardiovascular complications, the neurologic complications
are also very prevalent in CKD patients, especially in dialysis
patients. One of the neurological complications is cognitive
function decline [15], which is remarkably associated with
CKD, but not with age and other potential confounders [16].
The cognitive function of HD patients of all ages is worse than
individuals of the general population of the same age [3]. In
our current study, 35% HD patients appeared cognitive func-
tion decline, which is different from our previous study [17]
that reported that only 15% HD patients appeared cognitive
function decline. The main reason may be lie in the different
assessment method and the different primary disease causing
end stage renal disease (ESRD). In this study, diabetes was
the primary disease in almost half of the HD patients
(accounting for 47.5%), whereas this proportion accounted
for only 32% in our previous study [17]. In the Miskulin’s
Cohort Study [18], diabetes is the primary cause in 47% of
patients with ESRD, which is similar to this study. Diabetes
and ESRD are both independent risk factors for cognitive

function decline because advanced glycosylation end-product
accumulation may trigger vascular endothelial dysfunction
[19] and impaired cerebral blood flow in ESRD, which finally
contributed to cognitive function decline. However, there are
few studies about the combined impact of diabetes and ESRD
on cognitive function. In the future, we will focus on the cog-
nitive function of the patients with diabetic ESRD.

The poor cognitive function is high prevalent in elderly
population [13]. The older the age, the greater the decline of
cognitive function every year, regardless of sex, race, educa-
tion, stroke history, or cause of renal failure [20]. However,
the result of our study presented differently. The average age
of HD patients with cognitive function decline in our study
is only 50:5 ± 10:9 years old, which is similar to a seven-year
study [21]. In that study, not only elderly but also younger
aged dialysis patients (mean age: 51:81 ± 14:05 years old) pre-
sented significant cognitive function decline. Therefore, HD
patients may have a high risk of cognitive function decline
even at younger ages.

The causes of poor cognitive function are not fully
understood in the adult population receiving HD, and sev-
eral factors might be involved in the high prevalence of cog-
nitive function decline and rapid deterioration in HD
patients. The uremic toxins has been reported to potentially
lead to poor cognitive function, because cognitive function
was improved with the restoration of renal function after
kidney transplantation [22]. In addition, there are other risk
factors between cognitive function decline and ESRD.

Vitamin D is gradually recognized and attached impor-
tance because of its effect on cognitive function. Vitamin D
levels are decreased in population suffered from mild cogni-
tive impairment [23], and vitamin D insufficiency is a poten-
tial risk factor for cognitive function decline in the general
population [10]. A part of the reason is that higher circulat-
ing levels of 25(OH)D exerts vasculoprotective and neuro-
protective properties to improve cognitive function. The
mechanism involved in inhibiting proinflammatory factors,
antioxidation, immunoregulation, and enhanced nerve con-
duction [24]. 25(OH)D insufficiency is also associated with
endothelial dysfunction [25], which is related to cognitive
impairment [26]. An animal experimental study [27] also
found that increasing the level of 25(OH)D could prevent
the age-related cognitive function decline in aged rats. The
reason was that vitamin D was thought to strengthen hippo-
campal synaptic function in aged rats.

Despite of different subjects, the mean level of serum
25(OH)D is 16:1 ± 7:3 ng/ml in this study, which is similar to
the previous report (the mean level of serum25ðOHÞD ± SD
was 17:26 ± 7:4 ng/ml) [28]. We also found an association
between serum low levels of vitamin D [assessed by
25(OH)D] and cognitive function decline in Chinese HD
patient, which is also consistent with Kamran’s study of HD
patients in the United States [28]. In this study, patients with
higher 25(OH)D tertile had significantly higher MoCA-B
scores. The spearman correlation test shows that the serum
25(OH)D level is positively related to MoCA-B scores
(r = 0:312; p < 0:05). However, not all literatures report such
association. A study by Jovanovich et al. [29] of 605 veterans
with advanced CKD and chronic dialysis reported that the

Table 3: Correlation analysis between MoCA-B and various
parameters.

r p

Age (yr) 0.347 0.231

Male (n) 0.376 0.356

Education (yr) 0.221 0.279

Smokers (n) 0.768 0.697

SBP, mmHg 0.531 0.133

DBP, mmHg 0.651 0.098

Duration of dialysis(months) 0.257 0.146

Hb, g/l 0.374 0.333

Alb, g/l 0.419 0.103

BUN, mmol/l 0.544 0.265

Scr, μmol/l 0.731 0.247

Ca, mmol/l 0.424 0.421

P, mmol/l 0.537 0.258

BG, mmol/l 0.471 0.394

TC, mmol/l 0.604 0.136

TG, mmol/l 0.495 0.289

HDL-C, mmol/l 0.537 0.686

LDL-C, mmol/l 0.289 0.691

iPTH, pg/ml 0.114 0.218

25(OH)D, ng/ml 0.312 0.023

SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean
arterial pressure; 25(OH)D: 25 hydroxyvitamin D; Hb: hemoglobin; Alb:
albumin; BUN: blood urea nitrogen; Scr: serum creatinine; Ca: calcium; P:
phosphorus; BG: blood glucose; TC: total cholesterol; TG: triglyceride;
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density
lipoprotein cholesterol; iPTH: intact parathyroid hormone.
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TICSm score, a method for measuring cognitive function in
advanced CKD and ESRD. This discrepancy may lie in: (1) dif-
ferent investigation methods (face to face questionnaire and
telephone survey); (2) different method for measuring cogni-
tive function (MoCA-B and TICSm); (3) different research
objects (men and women are almost equally divided and nearly
entirely men); (4) racial differences.

Except for the correlation between serum 25(OH)D and
MoCA-B scores, previous studies have confirmed the associa-
tions between higher SBP and DBP and cognitive impairment
in the general population [30]. However, other studies sug-
gested that there was no relationship between changes in SBP
or intradialytic change in blood pressure with cognitive func-
tion decline [31]. Our study also found there is no relationship
between SBP and cognitive function. The main cause may be
that the subjects are different. The elevated iPTH levels were
associated with impaired cognitive function in the patients suf-
fered from secondary hyperparathyroidism due to calcium def-
icit rather than renal function impairment [32], whereas
nocturnal daily HD improved cognitive function, which may
be partly due to reduced iPTH levels [33]. However, we did
not find an independent relationship between iPTH levels
and cognitive function in HD patients.

In conclusion, serum 25(OH)D affects cognitive function
in HD patients. The level of serum 25(OH)D may play inde-
pendent roles in cognitive function decline. The potential
mechanism needs to be further explored.

5. Limitations of the Study

There were several limitations in this study. In the first place,
the sample of the patient population is relatively small (only
80 patients), which may produce selection bias and made this
study underpowered. Thus, it is recommended to expand the
sample sizes, and we are convinced that expanding the sample
size would more reveal that whether reduced 25(OH)D raises
the incidence of cognitive function decline in the HD patients.
Second of all, the average age of HD patients is only 52.3 years
in this study, which is slightly younger than the present age in
many developed populations [34]. Therefore, the results of this
study could not represent HD patients in other dialysis centers.
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Traditional Chinese medicine (TCM) is applied in the anticancer adjuvant therapy of various malignancies and pancreatic cancer
included. Xiaoji recipe consists several TCM materials with anticancer activities. In our work, we intended to analyze the
molecular targets as well as the underlying mechanisms of Xiaoji recipe against pancreatic cancer. A total of 32 active
components and 522 potential targets of Xiaoji recipe were selected using the TCMSP and SwissTargetPrediction databases.
The potential target gene prediction in pancreatic cancer was performed using OMIM, Disgenet, and Genecards databases, and
totally, 998 target genes were obtained. The component-disease network was constructed using the Cytoscape software, and
116 shared targets of pancreatic cancer and Xiaoji recipe were screened out. As shown in the protein–protein interaction (PPI)
network, the top 20 hub genes such as TP53, HRAS, AKT1, VEGFA, STAT3, EGFR, and SRC were further selected by degree.
GO and KEGG functional enrichment analysis revealed that Xiaoji recipe may affect pancreatic cancer progression by targeting
the PI3K/AKT and MAPK signaling pathways. Moreover, we performed in vitro assays to explore the effect of Xiaoji recipe on
pancreatic cancer cells. The results revealed that Xiaoji recipe suppressed the viability and migration and promoted the
apoptosis of pancreatic cancer cells via the inactivation of PI3K/AKT, MAPK, and STAT3 pathways. The findings of our study
suggested the potential of Xiaoji recipe in the targeting therapy of pancreatic cancer.

1. Introduction

Pancreatic cancer is a fatal malignancy and ranks the sev-
enth leading cause of cancer-related death in both sexes,
with approximately 5 million new cases and 466000 death
cases in 2020 [1]. Many risk factors may contribute to the
development of pancreatic cancer, including genetic back-
ground, obesity, type II diabetes, and tobacco smoking [2].
The chemotherapy with gemcitabine is regarded as the

first-line treatment for pancreatic cancer, with 23.8% clinical
response and a 5-year survival rate of 2% [3, 4]. However,
the prognosis of pancreatic cancer patients is still unsatisfac-
tory due to the late diagnosis, early metastasis, and limited
chemotherapy effects [5]. Therefore, it is imperative to
investigate potent treatment options to improve the clinical
outcome of anticancer therapy in pancreatic cancer.

Traditional Chinese medicine (TCM), especially Chinese
herbal medicines and acupuncture, is used to treat advanced
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cancers with low-toxic effects and is reported to increase
physical function, reduce symptoms, and improve the life
quality of patients [6, 7]. Increasing studies have demon-
strated the antitumor effects of TCM on the proliferation,
metastasis, and tumorigeneis in cancer development [8]. In
pancreatic cancer, it has been reported that scoparone
inhibits tumor progression via PI3K/Akt signaling pathway
[9]. Besides, a proteoglycan extracted from Ganoderma luci-
dum can induce cancer cell apoptosis [10]. The prescription
of Xiaoji recipe is mainly composed of Curcuma zedoaria
(10 g, E Zhu), Polygonum cuspidatum (10 g, Huzhang), cle-
matis root (10 g, Weilingxian), Rhizoma Paridis (10 g, Zhon-
glou), and Eupolyphaga Steleophaga (10 g, Tubiechong). The
main functions of Xiaoji recipe is to eliminate the heat and
dampness and promote the blood circulation and can be
used in the antitumor therapy for various cancers. Curcuma
zedoaria (Zingiberaceae) is reported to inhibit the develop-
ment of gastric carcinoma, breast cancer as well as liver cancer
[11–14]. Polygonum cuspidatum is used for the therapy of
multiple diseases including hypertension, diabetes, and ath-
erosclerosis [15–17], and its extracts have been reported with
anticancer effects in lung cancer, osteosarcoma, and breast
cancer [18–20]. The extracts of Rhizoma Paridis is revealed
to suppress the cancer development in non-small-cell lung
carcinoma, colon cancer, and hepatocarcinoma [21–23].
Eupolyphaga Steleophaga is reported to be used in the treat-
ment of fractures, falls, uterine fibroids, or menstrual prob-
lems [24], while its effects in cancer are not fully understood.

Network-based pharmacology is widely used in drug dis-
covery by predicting potential mechanisms via exploring the
targets of drugs, diseases, and their biomolecular networks
[25, 26]. In TCM, a holistic perspective has long been at
the heart of the herbal treatment of various diseases. TCM
prescriptions have holistic theory and rich experience in
multicomponent therapy, which provides a bright prospect
for systematic treatment of complex diseases. Therefore,
linking emerging network science with ancient TCM will
provide new methods and opportunities to discover bioactive
components and biomarkers, reveal mechanisms of action,
and explore the scientific basis of TCM formulations based
on complex biological systems [27]. Moreover, network-
based pharmacology is becoming a frontier research field in
current cancer drug research. For example, Huang et al. have
explored the potential effect of Tao Hong Si Wu decoction
for treating breast cancer according to network pharmacology
and experimental [28].

Signaling pathways such as the phosphoinositide 3
kinase/AKT (PI3K/AKT) signaling pathway, signal trans-
ducer and activator of transcription 3 (STAT3) signaling
pathway, and mitogen-activated protein kinases (MAPK)
signaling pathway are important in the pathological process
of pancreatic cancer and are frequently activated in pancre-
atic cancer. They are associated with poor prognosis of pan-
creatic cancer. Aberrant activation of these pathways are
involved in cell survival, cell cycle progression, and cell apo-
ptosis [29, 30]. Targeting these signaling pathways may be
an approach to cancer treatment.

In our study, we intended to explore the potential core
targets and pathways of Xiaoji recipe against pancreatic can-

cer based on the TCM network pharmacology approach.
The findings of our study may provide clues for the targeting
therapy of Xiaoji recipe in pancreatic cancer.

2. Materials and Methods

2.1. Cell Culture and Treatment. Pancreatic cell lines
(CFPAC (cat. no. CRL-1918; PANC1, cat. no. CRL-1469))
were provided by the ATCC (American Type Culture
Collection, USA), CFPAC cell line was cultured in Iscove’s
modified Dulbecco’s medium. PANC1 cell line was cultured
in Dulbecco’s modified Eagle’s medium (DMEM, Cytiva,
Shanghai, China). Both culture mediums were maintained
in an incubator supplemented with g 10% FBS (Beyotime,
Shanghai, China) at 37°C and 5% CO2. To evaluate the
effects of Xiaoji recipe on cell malignant behaviors in vitro,
the CFPAC and PANC1 cells were treated with 150μg/ml
or 300μg/ml Xiaoji recipe.

2.2. Cell Viability. The viability of pancreatic cancer cells was
measured using a Cell Counting Kit-8 (CCK-8; MCE, Inc.,
Shanghai, China). The treated CFPAC and PANC1 cells
were grown into 96-well plates at 2000 cells/well and incu-
bated for 24, 48, and 72h, followed with addition of 10μl
CCK-8 solution, followed with incubation for another 2 h
at 37°C. A microplate reader (HBS-1096A, DeTie Laboratory
Equipment Co., Ltd., Nanjing, China) was used to determine
the absorbance at 450 nm.

2.3. Wound Healing Assay. The treated CFPAC and PANC1
cells were plated into 6-well plates supplemented with
medium and 1.5% fetal bovine serum and cultured to reach
90% confluence. Then, the plates were scratched using a
10μl pipette tip. A microscope (Olympus, Shanghai, China)
was used to photograph the wound healing distance at 0 and
48 h.

2.4. Flow Cytometry Analysis. The apoptosis of CFPAC and
PANC1 cells after indicated treatments was assessed by flow
cytometry analysis. CFPAC and PANC1 cells were harvested,
washed with PBS, and resuspended in a 500μl mixture with
5μl Annexin and 10μl propidium iodide (7-AAD; Multi-
Sciences Biotech, Co., Ltd., Hangzhou, China). Finally, cell
apoptosis rate was detected using a flow cytometer and ana-
lyzed with the FlowJo software. The apoptosis rate in each
group was calculated by Q2 (late apoptosis) + Q3 (early
apoptosis).

2.5. Western Blot. RIPA lysis buffer (Beyotime, Shanghai,
China) was used to collect the protein in treated CFPAC
and PANC1 cells. The concentration of collected proteins
was evaluated using a BCA Protein Assay kit (Beyotime,
Shanghai, China). Then, the proteins were separated with
10% SDS-PAGE gels and electrotransferred on the PVDF
membranes. The Protein-Free Rapid Blocking Buffer (Epi-
zyme, Shanghai, China) was used to block the membranes
for 1 h, which were then cultured with the primary anti-
bodies against AKT1 (1 : 1000, Abcam, USA), STAT3
(1 : 1000, Abcam, USA), EGFR (1 : 1000, Abcam, USA),
MAPK3 (1 : 1000, Abcam, USA) at 4°C overnight, and
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GAPDH (1 : 1000, Abcam, USA) served as an internal refer-
ence. Next, the membranes were washed with TBST and cul-
tured with corresponding secondary antibodies (1 : 2000,
Abcam, USA) for 2 h at room temperature. Finally, the pro-
tein signal was detected using a Biosharp ECL detection kit
(Biosharp, Beijing, China) and analyzed with ImageJ
software.

2.6. Exploration of Active Components and Potential Targets
of Xiaoji Recipe. Xiaoji recipe is a traditional Chinese pre-
scription composed of Curcuma zedoaria (E Zhu), Polygo-
num cuspidatum (Huzhang), clematis root (Weilingxian),
Rhizoma Paridis (Zhonglou), and Eupolyphaga Steleophaga
(Tubiechong). The active components of these TCM mate-
rials were searched on the Traditional Chinese Medicine
Systems Pharmacology Database and Analysis Platform
(TCMSP, http://lsp.nwu.edu.cn/tcmsp.php) [31] under the
condition of oral bioavailability ðOBÞ ≥ 30% and drug −
likeness ðDLÞ ≥ 0:18 and TCMID database (http://119.3.41
.228:8000/tcmid/) [32]. The component structures obtained
from the PubChem (https://pubchem.ncbi.nlm.nih.gov/)

[33] and TCMSP databases were input into the SwissTarget-
Prediction database (http://www.swisstargetprediction.ch/)
[34] for the prediction of the underlying target genes of main
components in Xiaoji recipe.

2.7. Exploration of Potential Targets of Pancreatic Cancer.
The potential target genes of pancreatic cancer were
searched in the Disgenet (https://www.disgenet.org/) [35],
OMIM (https://omim.org/) [36], and Genecards (https://
www.genecards.org/) [37] databases using the “pancreatic
ductal adenocarcinoma” as the keyword.

2.8. The Screening of Component-Disease Targets and
Network Construction. The 522 targets of Xiaoji recipe and
998 targets of pancreatic cancer were imported into the
Venny2.1 software, and the obtained Venn diagram showed
116 shared targets of the pancreatic cancer and the compo-
nents of Xiaoji recipe. The drug-component-target-disease
network was constructed using the Cytoscape 3.8.2 software
and analyzed with the Network Analyzer function. The hub
genes were analyzed and selected based on the topological

Table 1: Relation between potential targets and active components in Xiaoji recipe.

Component name Degree
Betweenness
centrality

Closeness
centrality

Eccentricity

Bisdemethoxycurcumin 36 0.049102808 0.422096317 4

Luteolin 31 0.024267623 0.408219178 4

Quercetin 30 0.021502194 0.403794038 4

Flavone 30 0.029632826 0.412742382 4

Beta-ecdysone 27 0.02982601 0.40599455 4

Physovenine 22 0.016298752 0.38501292 4

(4aS,6aR,6aS,6bR,8aR,10R,12aR,14bS)-10-hydroxy-2,2,6a,6b,9,9,12a-heptamethyl-
1,3,4,5,6,6a,7,8,8a,10,11,12,13,14b-tetradecahydropicene-4a-carboxylic acid

18 0.011697317 0.37913486 4

Pennogenin 18 0.008901981 0.375314861 5

ClematosideA′_qt 17 0.010539948 0.37721519 4

Picralinal 16 0.007242384 0.373433584 4

Rhein 16 0.009358031 0.371571072 4

Pennogenin VI 16 0.006015765 0.371571072 5

Pennogenin VII 16 0.006015765 0.371571072 5

6,8-Dihydroxy-7-methoxyxanthone 14 0.005718922 0.362530414 4

Physciondiglucoside 11 0.005127525 0.362530414 4

Diosgenin 10 0.002912114 0.357314149 5

Beta-sitosterol 9 0.011919371 0.355608592 4

Polysaccharide 9 0.003448702 0.347319347 5

Hederagenin 8 0.004162798 0.357314149 4

Stigmasterol 6 0.00185844 0.347319347 4

Wenjine 5 0.001187609 0.326039387 5

Cholesterol 5 0.005333285 0.344110855 4

Embinin 4 0.001738369 0.337868481 5

Dioscin I 4 3.06E-04 0.333333333 5

Dioscin II 4 3.06E-04 0.333333333 5

Torachrysone-8-O-beta-D-(6′-oxayl)-glucoside 3 2.64E-04 0.334831461 5

Heptyl phthalate 3 7.37E-04 0.336343115 4

Pariphyllin 3 1.43E-04 0.328918322 5
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analysis, and the degree value indicates the relation between
the components and targets (Table 1).

2.9. Protein–Protein Interaction (PPI) Network Construction.
The interaction of the 116 component-disease targets was
explored on the STRING platform (https://cn.string-db
.org/) [38] under “Homo sapiens.” The protein was pre-
sented as nodes, and the association between proteins was
shown as edges in the PPI network, and the size and shade
of color represented the value of degree. Furthermore, based
on the topological analysis, the results from the STRING
database were analyzed with the Cytoscape 3.8.2 software
using the Network Analyzer function, and the core targets

Table 2: Active ingredients of Xiaoji recipe.

Mol ID Molecule name
OB
(%)

DL Chinese medicinal materials

MOL000296 Hederagenin 36.91 0.75 Curcuma zedoaria

MOL000906 Wenjine 47.93 0.27 Curcuma zedoaria

MOL000940 Bisdemethoxycurcumin 77.38 0.26 Curcuma zedoaria

MOL013281 6,8-Dihydroxy-7-methoxyxanthone 35.83 0.21 Polygonum cuspidatum

MOL013287 Physovenine 106.21 0.19 Polygonum cuspidatum

MOL013288 Picralinal 58.01 0.75 Polygonum cuspidatum

MOL002259 Physciondiglucoside 41.65 0.63 Polygonum cuspidatum

MOL002268 Rhein 47.07 0.28 Polygonum cuspidatum

MOL002280 Torachrysone-8-O-beta-D-(6′-oxayl)-glucoside 43.02 0.74 Polygonum cuspidatum

MOL000358 Beta-sitosterol 36.91 0.75
Polygonum cuspidatum, clematis
root, Eupolyphaga Steleophaga

MOL000492 (+)-catechin 54.83 0.24 Polygonum cuspidatum

MOL000006 Luteolin 36.16 0.25 Polygonum cuspidatum

MOL000098 Quercetin 46.43 0.28 Polygonum cuspidatum

MOL001663
(4aS,6aR,6aS,6bR,8aR,10R,12aR,14bS)-10-hydroxy-2,2,6a,6b,9,9,12a-

heptamethyl-1,3,4,5,6,6a,7,8,8a,10,11,12,13,14b-tetradecahydropicene-4a-
carboxylic acid

32.03 0.76 Clematis root

MOL002372
(6Z,10E,14E,18E)-2,6,10,15,19,23-hexamethyltetracosa-2,6,10,14,18,22-

hexaene
33.55 0.42 Clematis root

MOL000449 Stigmasterol 43.83 0.76 Clematis root

MOL005594 ClematosideA′_qt 37.51 0.76 Clematis root

MOL005598 Embinin 33.91 0.73 Clematis root

MOL005603 Heptyl phthalate 42.26 0.31 Clematis root

Dioscin I Rhizoma Paridis

Dioscin II Rhizoma Paridis

Diosgenin Rhizoma Paridis

Flavone Rhizoma Paridis

Pariphyllin Rhizoma Paridis

Pennogenin Rhizoma Paridis

Pennogenin VI Rhizoma Paridis

Pennogenin VII Rhizoma Paridis

Polysaccharide Rhizoma Paridis

Beta-ecdysone Rhizoma Paridis

Cholesterol Eupolyphaga Steleophaga

Flavacin Eupolyphaga Steleophaga

Hypoxanthine Eupolyphaga Steleophaga

Table 3: Active ingredients and their potential targets in Xiaoji
recipe.

Name
Ingredients

(n)
Predicted
targets (n)

Curcuma zedoaria (Ezhu) 3 159

Polygonum cuspidatum
(Huzhang)

10 313

Clematis root (Weilingxian) 7 107

Rhizoma Paridis (Zhonglou) 10 271

Eupolyphaga Steleophaga
(Tubiechong)

4 44
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were selected under the condition of degree value over the
average. The top 30 targets were selected and exported the
bar graph using the R 4.0.5 software. Based on the clustering
analysis, the results from the STRING database were
imported into the Cytoscape 3.8.2 software and analyzed
using the Molecular Complex Detection (MCODE) plugin.
Three gene clusters were obtained, and 2 core genes
(HSP90AA1, CDK6) were selected.

2.10. GO and KEGG Functional Enrichment Analysis. Gene
Ontology (GO) analysis including the biological process
(BP), molecular function (MF), and cellular components
(CC) and the biological pathway (KEGG) enrichment analy-
sis of 116 disease-component targets were performed using
the R software with Bioconductor package under p value <
0.05. The results were exported with the bar graphs and
pathway maps.

2.11. Statistical Analysis. All experiments were completed
three times independently. The results were analyzed using
GraphPad 8 software and presented as the mean ± SD. Stu-
dent’s t-test was used to compare the difference between
two groups, and one-way ANOVA was used for multiple
group comparisons. p < 0:05 indicates statistical significance.

3. Results

3.1. Active Ingredients and Their Potential Targets in Xiaoji
Recipe. We found 32 potential active ingredients of Xiaoji

recipe Curcuma zedoaria (E Zhu), Polygonum cuspidatum
(Huzhang), clematis root (Weilingxian), Rhizoma Paridis
(Zhonglou) and Eupolyphaga Steleophaga (Tubiechong)
based on the TCMSP database, under OB ≥ 30% and DL ≥
0:18 and TCMID database (Table 2). There were 3 ingredi-
ents from Curcuma zedoaria, 10 ingredients from Polygonum
cuspidatum, 7 ingredients from clematis root, 10 ingredients
from Rhizoma Paridis, and 4 ingredients from Eupolyphaga
Steleophaga (Table 3). Curcuma zedoaria, Polygonum cuspi-
datum, and clematis root share the same ingredient beta-
sitosterol. Based on the SwissTargetPrediction platform, we
performed the prediction of the potential targets of active
components in Curcuma zedoaria (E Zhu), Polygonum cuspi-
datum (Huzhang), clematis root (Weilingxian), Rhizoma
Paridis (Zhonglou), and Eupolyphaga Steleophaga. Totally,
522 target genes of these active ingredients of Xiaoji recipe
were screened out, and there were 159 targets for Curcuma
zedoaria, 313 targets for Polygonum cuspidatum, 107 targets
for clematis root, 271 targets for Rhizoma Paridis, and 44 tar-
gets for Eupolyphaga Steleophaga (Table 3).

3.2. Construction of the Target Gene Network of Pancreatic
Cancer and Xiaoji Recipe. We searched the potential targets
in the OMIM, Disgenet, and Genecards using the keywords
“pancreatic ductal adenocarcinoma,” and totally, 998 poten-
tial targets of PDAC were obtained. Venny 2.1 software was
used to select the shared targets for PDAC and Xiaoji recipe,
and the results showed that there were 116 shared targets in
the intersection area (Figure 1(a)). Then, the 32 active

Compond PDAC

882116406

(a)

(b)

Figure 1: Construction of the target gene network of pancreatic cancer and Xiaoji recipe. (a) The Venn diagram of potential targets of main
active components in Xiaoji recipe and pancreatic cancer. (b) The component-disease target network.
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Figure 2: Continued.
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ingredients in Xiaoji recipe and 116 compound-disease tar-
gets were input into the Cytoscape 3.8.2 software, and we
deleted 4 isolated components that were not intersected with
the targets. The remaining 28 active components were
marked in red in Table 2. The main active biomolecules were
analyzed using the Network Analyzer function. As shown in
Figure 1(b), the red button represented the disease, the blue
bubbles represented the 116 compound-disease targets, the
purple rectangle represented the Chinese medical materials,
and the green triangles represented the 28 active ingredients
in Xiaoji recipe. The top five core ingredients were bisdeme-
thoxycurcumin, luteolin, quercetin, flavone, and beta-ecdy-
sone, as shown in Table 1.

3.3. Construction of the PPI Network and Analysis of Targets.
The PPI network was constructed based on the STRING
database and Cytoscape software to investigate the underly-
ing interaction among the 116 targets. Based on the topology
analysis, the 116 compound-disease targets were input in the
STRING platform for the protein-protein interaction net-
work construction. There were 116 nodes and 2210 edges
(Figure 2(a)). Further, the interaction data from the STRING
database were imported into the Cytoscape software for the
interaction network. The degree was determined by the size

and color shade of the nodes (Figure 2(b)). TP53, HRAS,
VEGFA, AKT1, STAT3, EGFR, and SRC were the core tar-
get genes.

The hub genes in the network were identified by the top
30 targets ranked by degree on the PPI network, which was
performed using the R 4.0.5 software as shown in
Figure 3(a). Moreover, based on the clustering analysis and
analysis using Cytoscape software, three gene clusters were
obtained with two core target genes, HSP90AA1 and CDK6,
which were potentially involved in the development of PDAC
(Figure 3(b)).

3.4. GO and KEGG Pathway Enrichment Analysis. Based on
the GO enrichment analysis, the biological process, cellular
component, and molecular function of the 116 component-
disease targets were analyzed using R software. The results
revealed that the target genes were enriched in 2144 BP, 50
CC expression process, and 132 MF-related process. The bio-
logical functions of targets mainly included the peptidyl-serine
modification and phosphorylation, positive modulation of
protein serine/threonine kinase activity and MAP kinase
activity, and gland development (Figure 4). The molecular
functions mainly included the protein tyrosine kinase activity,
phosphatase binding, insulin receptor substrate binding, and

(b)

Figure 2: Construction of the PPI network and analysis of targets of Xiaoji recipe in pancreatic cancer. (a) The PPI network of 116
compound-disease target genes. (b) The topological analysis of the 116 compound-disease target genes.
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growth factor binding (Figure 5). The cellular component
mainly included the transferase complex, protein kinase com-
plex, serine/threonine protein kinase complex, membrane raft,
and transcription regulator complex (Figure 6).

A total of 159 KEGG signaling pathways of the 116
shared target genes were obtained using the R software.
The top 20 significant signaling pathways were shown in his-
tograms. The results revealed that these targets were closely
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Figure 3: The analysis of compound-disease hub genes. (a) The top 30 genes from the PPI network based on the topological analysis. (b)
The clustering analysis of the PPI network.
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associated with the PI3K-AKT pathway, EGFR tyrosine
kinase inhibitor resistance, endocrine resistance and MAPK
signaling, and pancreatic cancer, which may improve the
understanding of the molecular mechanism associated with
pancreatic cancer progression (Figure 7). Moreover, the tar-

get genes involved in the PI3K-AKT and MAPK signalings
in pancreatic cancer were shown in Figures 8(a) and 8(b).

3.5. Xiaoji Recipe Inhibited the Proliferation and Migration
of Pancreatic Cancer Cells. Furthermore, we explored the
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Figure 4: GO analysis for biological process of component-disease targets.
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effects of Xiaoji recipe on the malignant behaviors of pancre-
atic cancer cells. As revealed by the CCK-8 assay, the viabil-
ity of CFPAC and PANC1 cells exhibited significant
reduction with Xiaoji recipe treatment in a concentration-

dependent way (Figures 9(a) and 9(b)). Furthermore, we
conducted wound healing assays to explore the impact of
Xiaoji recipe on pancreatic cancer cell migration. The results
demonstrated that the migration ability of CFPAC and
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Figure 6: GO analysis for cellular component of component-disease targets.
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Figure 7: KEGG enrichment analysis of the Xiaoji recipe potential targets in pancreatic cancer.
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PANC1 was significantly suppressed by the treatment of
Xiaoji recipe, and the higher the concentration, the more sig-
nificant the suppression (Figures 9(c) and 9(d)).

3.6. Xiaoji Recipe Promoted the Apoptosis of Pancreatic
Cancer Cells In Vitro. The effects of Xiaoji recipe on the apo-
ptosis of pancreatic cancer cells were explored using flow
cytometry analysis. As shown in Figures 10(a) and 10(b),
the apoptosis rate of CFPAC and PANC1 cells were contin-
uously elevated as the concentration of Xiaoji recipe
increased, which indicated that Xiaoji recipe facilitated pan-
creatic cancer cell apoptosis in a dose-dependent way.

3.7. Xiaoji Recipe Exerted Inhibitory Effects on the Activation
of AKT, MAPK, and STAT3 Signaling Pathways. Whether
Xiaoji recipe affected the activation of AKT, MAPK, and
STAT3 signaling pathways was further explored. The pro-
tein expression of AKT1, STAT3, EGFR, and MAPK3 in
pancreatic cancer cells was detected using Western blot.
We found that the AKT1, STAT3, EGFR, and MAPK3 pro-
tein expression showed significant decrease in CFPAC and
PANC1 cells after Xiaoji recipe treatment in a dose-
dependent manner (Figures 11(a) and 11(b)).

4. Discussion

Pancreatic cancer, as one of the most fatal malignancies, is
reported with increasing incidence in recent years. The prog-
nosis of pancreatic cancer patients is still unsatisfying due to
the atypical early symptoms and distal metastasis [39]. Thus,
it is imperative to explore the underlying mechanism of pan-
creatic cancer pathogenesis. In our work, the primary active
components of Xiaoji recipe and the potential targets and
mechanisms in the treatment of pancreatic cancer were
investigated based on network pharmacology. The explora-
tion of underlying mechanism of Xiaoji recipe may provide
evidence for the TCM therapy in pancreatic cancer.

Chinese herbal medicine (CHM) is indicated as a prom-
ising treatment option for multiple malignant diseases with
unique clinical effects [40, 41]. As reported previously, Xiaoji
recipe has been to inhibit cell migration and growth of lung
adenocarcinoma and gastric cancer [42, 43]. Consistently,
our study found that Xiaoji recipe repressed cell prolifera-
tion and migration while promoted cell apoptosis in pancre-
atic cancer. More importantly, the main active components
of Xiaoji recipe were explored in our study. Bisdemethoxy-
curcumin, luteolin, quercetin, flavone, and beta-ecdysone
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Figure 8: The related signaling pathways of component-disease targets. (a) The potential targets in MAPK signaling pathway. (b) The
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were the top five active ingredients ranked by degree according
to the component-target-disease network, which were poten-
tially themain active ingredients in the treatment of pancreatic
cancer. Bisdemethoxycurcumin is reported with antifibrosis,
antiapoptosis, antioxidant, and anti-inflammatory character-
istic in various diseases [44–46]. Bisdemethoxycurcumin is
also reported with antitumor effects in hepatocellular carci-
noma, breast cancer, and non-small-cell lung cancer [47–49].
Luteolin is a flavonoid with anti-inflammation, antiallergy,
and anticancer properties and suppresses cell transformation,
metastasis, invasion, and angiogenesis in carcinogenesis
[50–52]. It has also been reported to inhibit the invasion and
epithelial-mesenchymal transition of pancreatic cancer cells
by inactivating the STAT3 pathway [53]. Quercetin is reported
with cytotoxic and antitumor effects and suppresses pancre-
atic cancer progression by inhibiting the STAT3 pathway acti-
vation [54]. The active ingredients possess different degrees of
therapeutic effects on pancreatic cancer and are involved in
various signaling pathways.

The component-disease network showed the target
genes regulated by these active components in pancreatic
cancer. The genes include EGFR, CDK1, MMP7, BCL2,
and PARP1. Moreover, the PPI networks revealed that
TP53, HRAS, VEGFA, AKT1, STAT3, EGFR, and SRC
were the core target genes in the PPI network. The target
genes were not mutually independent but were interacted

with each other. The Xiaoji recipe may inhibit the progres-
sion of pancreatic cancer by regulating the multiple pro-
teins. In line with our finding, all mentioned core target
genes have been reported as major driver genes for pancreatic
cancer [55–60].

GO and KEGG enrichment analysis revealed the biolog-
ical process, molecular functions, cellular component as well
as the related signaling pathways in the occurrence and pro-
gression of pancreatic cancer. There were 2144 BP, 50 CC
expression process, and 132 MF-related process of these
116 component-disease targets. We also found that the
enrichment of the 116 component-disease targets in the
PI3K/AKT and MAPK pathways according to the KEGG
analysis. PI3K/AKT pathway is critically involved in the reg-
ulation of malignant behaviors in pancreatic cancer, indicat-
ing that PI3K/AKT is a valuable target for pancreatic cancer
therapy [30, 61]. The MAPK pathways are reported to regu-
late the tumor cell proliferation, differentiation, apoptosis,
and resistance to drug therapy, and PI3K/AKT and Ras/
MEK/MAPK pathways were the two main signaling in the
downstream of EGFR [62]. In our study, we found that
EFGR is one of the component-disease targets, and Xiaoji
recipe may inhibit the activation of MAPK signaling by tar-
geting EFGR in pancreatic cancer. In addition, we performed
in vitro assays to demonstrate that Xiaoji recipe exerted
inhibitory effects on the activation of PI3K/AKT, MAPK,
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Figure 9: The effect of Xiaoji recipe on cell viability and migration in pancreatic cancer. (a) CCK-8 assays were used to evaluate the viability
of CFPAC and PANC1 cells after the treatment of different concentrations of Xiaoji recipe. (b) The migration of CFPAC and PANC1 cells
after indicated treatments was subject to wound healing assays. ∗∗p < 0:01.

13Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

and STAT3 signaling pathways. For all we know, these three
signaling pathways are widely reported in the involvement of
pancreatic cancer. Moreover, many literatures have sup-
ported that TCMs inhibit tumor progression via these sig-
naling pathways [63–65].

In this study, the active ingredients and related targets of
Xiaoji recipe in pancreatic cancer were explored, and the

biological process, molecular function, cellular process, and
related signaling pathways were under investigation based
on the network pharmacology approach. Moreover, we also
verified the effect of Xiaoji recipe on pancreatic cancer cell
proliferation, migration, apoptosis, and relevant signaling
pathways using in vitro assays. Xiaoji recipe significantly
inhibited the proliferation, migration, AKT, MAPK, and
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STAT3 signaling pathways and induced the apoptosis of
pancreatic cancer cells, which indicated its potential in clin-
ical therapy of pancreatic cancer patients.

However, our study also exists some limitations. First,
the in vivo experiments of Xiaoji recipe on tumor growth
were lack. Second, the specific mechanism of Xiaoji recipe
on regulating the PI3K/AKT, MAPK, and STAT3 signaling
pathways were not explored. More, the potential mechanism
of Xiaoji recipe on regulating the core target genes of TP53,
HRAS, VEGFA, AKT1, STAT3, EGFR, and SRC in pancre-
atic cancer were not shown. All these limitations will be per-
fected in the near future.
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Objective. To investigate the effectiveness of cognitive behavior therapy (CBT) combined with eye movement desensitization and
reprocessing (EMDR) on the esteem, anxiety, depression, posttrauma stress disorder (PTSD), and posttraumatic growth in
patients with facial trauma. Methods. A total of 92 facial trauma patients in Wenzhou People’s Hospital from January 2017 to
December 2019 were enrolled in this study. The patients were randomly divided into control group (n = 46) and intervention
group (n = 46). Both of the control group and the intervention group received routine treatment, while the intervention group
further received CBT combined with EMDR. Questionnaires were used to explore and record the general patient information.
The Self-Esteem Scale (SES), Self-Anxiety Scale (SAS), Self-Depression Scale (SDS), Posttraumatic Stress Disorder Checklist
Civilian Version (PCL-C), Posttraumatic Growth Inventory (PTGI), and World Health Organization Quality of Life-brief
(WHOQOL-BREF) scores between the two groups were compared. Results. After CBT combined with EMDR intervention, the
SDS and SAS scores in the intervention group were significantly decreased compared with the scores before intervention with
statistically significance (P < 0:001). Furthermore, the PCL-C score in the intervention group showed significant decrease in
comparison with the control group (P < 0:001), while the PTGI score in the intervention group was significantly higher than
the control group (P < 0:001). The WHOQOL-BREF scores were increased after treatment in the two groups compared with
the scores before treatment, and the scores in the intervention group were higher than those in the control group after
treatment (P < 0:01). Conclusion. Psychological intervention therapy can effectively alleviate the anxiety, depression, and PTSD
and improve the life quality and the recovery of facial trauma patients.

1. Introduction

Facial trauma as sign of injuries is a major challenge in public
health in relation to the self-perception and self-esteem of
patients [1]. Increasing evidence from psychology, anthro-
pology, and socioeconomics has demonstrated that people
with attractive facial appearance have an advantage in their
social life [2–4]. Patients postfacial trauma usually receive
negative social response during social interactions, leading
to detrimental effects on their mental state such as depres-

sion, anxiety, and posttraumatic stress disorder (PTSD) [5,
6]. However, patients can also positively change their per-
spectives and undergo personal growth after a major life cri-
sis or traumatic event [7], and this process is called
posttraumatic growth (PTG). The psychological factors in
the treatment of facial trauma should be paid more attention.

The PTSD treatment includes the psychological and
pharmacological methods. For psychological treatment,
there are trauma-focused psychological interventions such
as exposure therapy and cognitive therapy and non-
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trauma-focused psychological interventions such as relaxa-
tion, stress inoculation training, and interpersonal therapy
[8]. Eye movement desensitization and reprocessing
(EMDR) and cognitive behavioral therapy (CBT) are known
as the trauma-focused psychological therapies. EMDR heals
people from the emotional distress [9, 10] and is prevalently
applied in the treatment of PTSD patients. It mainly consists
of eight phases, including recalling an image, thought, emo-
tion, and a bodily sensation related to the traumatic event,
receiving bilateral stimulation such as taps, tones, or eye
movements [11]. It has been reported that EMDR is effective
treatment for psychopathology and psychological problems
in patients with facial trauma, which helps them to desensi-
tize discomfort caused by traumatic experiences and repro-
cess them in the individual’s autobiographical memory,
thus achieving the goal of relieving symptoms [12]. CBT is
a trauma-focused psychotherapy whose effect has been dem-
onstrated in multiple randomized controlled trials [13–15].
Currently, CBT is also regarded as a well-established inter-
vention to treat posttraumatic stress and related symptoms
[8, 16]. The World Health Organization has recommended
CBT as a treatment option for posttraumatic stress with a
focus on trauma [17].

In China, the psychological intervention of posttrauma
patients is not widely available. Our study is aimed at explor-
ing the effectiveness of CBT combined with EMDR for the
psychological intervention of patients with facial trauma.
The findings of our study may provide evidence for the clin-
ical effect of CBT combined with EMDR.

2. Materials and Methods

2.1. Study Participants. By convenient sampling, 92 facial
trauma patients in Wenzhou People’s Hospital from January
2017 to December 2019 were selected for this study. Inclu-
sion criteria are as follows: (1) participants were educated
and could read and comprehend the content of question-
naires, (2) aged between 18 and 60, (3) patients are hospital-
ized with facial trauma without organic brain injury and did
not require craniocerebral surgery, (4) no other life-
threatening or disabling injuries, (5) clear in language
expression and stable in disease condition, and (6) never
received CBT or EMDR interventions. Exclusion criteria
are as follows: (1) patients with history of depression, anxi-
ety disorder, or schizophrenia; (2) patients experienced
death of relatives or friends or great property loss in the
trauma; (3) patients complicated with other physical diseases
during the treatment; and (4) patients out of contact in the
follow-up or refused to accept psychological intervention
or scale evaluation. Body mass index (BMI) was measured
using the formula: bodymass ðkgÞ/height squared ðm2Þ. Sig-
nificant difference between the two groups was found in
the drinking history (P < 0:05), average length of hospital
stay (P < 0:001), and hospitalization expenses (P < 0:05).
There was no statistical difference in other baseline charac-
teristics such as age, BMI, gender, and education level
(P > 0:05). Our study was under the approval of the Ethics
Committee of the Wenzhou People’s Hospital, and all par-
ticipants have signed the informed consent.

2.2. Methods. 92 patients with 49 males and 43 females were
randomly divided into the control group and intervention
group with 46 participants in each group. Patients in the
control group received routine treatment, including the
posttrauma treatment, condition monitoring, health educa-
tion, diet guidance, medication guidance, regular ward
rounds, rehabilitation nursing, and prevention of infection
and other complications. Patients in the intervention group
received CBT combined with EMDR based on the routine
treatment procedures. The intervention duration was once
every two days from hospitalization, 60-90 minutes each
time. After discharge from hospital, patients were trans-
ferred to the psychological department for further treatment
or home visit. The end of treatment was determined by the
condition of patients and the joint agreement of therapists
and patients. The explicit procedures were as follows: (1)
psychological intervention team was established, including
2 physicians, 2 nurses in charge, and 3 follow-up therapists.
All the staff had years of experience in diagnosis and treat-
ment or nursing and received professional psychological
training. There were 3 national second-level psychological
consultants with years of experience in clinical CBT and
EMDR operation; (2) CBT operation procedures [18], in
trauma-focused CBT, besides the psychological education
and anxiety management (such as muscle relaxation or
breathing training), exposure (body and imagined), and cog-
nitive reconstruction (check and challenge the idea of dys-
function) are the most critical factor. Complete treatment
process included 12 times of interventions. The first inter-
vention was the narrative memories of traumatic events,
and patients described the event for multiple times (≥2
times). The second intervention included the interpretation
of the treatment plan, the relaxation exercise and the
trauma-focused psychological education, and the introduc-
tion of the following exposure practice. The third interven-
tion included the practice of recalling the traumatic event,
exposure, and homework, The fourth to ninth intervention
included homework, the relaxation exercise, psychological
education, strategy management, thought intrusion, thought
prevention, etc. The tenth to twelfth interventions included
systematic desensitization, evaluation of stress situation
grade, and scale score; (3) EMDR operation [19], first, the
consultant determined the most disturbing memories about
the trauma event from patients, the related negative
thoughts, disturbing emotions, and positions of the patients.
Then, the patients were asked to focus on the traumatic
event and simultaneously followed the bilateral finger move-
ments of counselor for about 30 seconds. After exercises,
patients were asked to share any emotions/flashbacks/per-
ceptions they noticed in the process of visual stimulation.
When the patient exhibited no more emotional outbursts
or any other feelings associated with the target memory,
the counselor evaluated the ability of patients of detailed
description until the patients could think of the trauma
without disturbing emotion or physical responses. Then,
we chose other targets and repeated the same procedure
(trauma identification, visual stimulation, and assessment).
EMDR treatment ended when the patient was able to face
the reformulated goals in the imagined future scenario
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without emotional discomfort. The hospital stay length and
treatment expense of the two groups were recorded.

2.3. Measures. The observation indicators were collected
using questionnaires: (1) Self-Esteem Scale (SES), compiled
by Rosenberg in 1965 with a total score of 40 [20]. The
higher the score, the higher the self-esteem; (2) Self-Rating
Anxiety Scale (SAS) and Self-Rating Depression Scale
(SDS), compiled by W.K. Zung in 1965 and 1971 with a total
score of 100. In the SAS, a higher score indicates a higher
degree of anxiety: a score of 50-70 out of 100 suggests mild
anxiety, 71-90 suggests moderate anxiety, and higher than
90 suggests severe anxiety. In the SDS, a higher score reflects
a higher degree of depression: a score from 50 to 70 out of
100 represents mild depression, from 71 to 90 represents
moderate depression, and higher than 90 represents severe
depression; (3) PTSD Checklist-Civilian version (PCL-C) is
used to evaluate the severity of PTSD symptoms. The inten-
sity and frequency of PTSD symptoms were divided into five
grades, and the higher the scores, the severer the PTSD
symptoms. A total score of 38 to 49 was defined as a degree
of PTSD, and those of 50 to 85 were diagnosed as PTSD. (4)
Posttraumatic Growth Inventory (PTGI), compiled by
Tedeschi et al., was used to assess the perceived degree of
positive life change after traumatic events. It includes 21
items and explores 6 dimensions. The Likert 6-level scoring
method is adopted with a total score of 105, and the higher
the score, the more the posttraumatic growth. (5) World
Health Organization Quality of Life-brief (WHOQOL-
BREF) [21] includes a generic facet (overall quality of life
and general health) and 4 domains such as physical health,
psychological health, social relationships, and environment.
The higher the scores, the better the quality of life. After
the two groups of patients were admitted to the hospital
and in stable condition, these scales were filled out under
the guidance of the nurse in charge. Patients with writing
ability filled out the scales by themselves, and those without
writing ability were guided by the nurse. The questionnaires
would be collected and checked once the patients finished.
The SES, SAS, SDS, PCL-C, PTGI, and WHOQOL-BREF
scales were also filled out by patients in the intervention
group after the intervention period and patients in the con-
trol group in the follow-up after 15-30 days discharged of
hospital.

2.4. Statistical Analysis. SPSS 21.0 was used to perform sta-
tistical analysis. The data were expressed as the number, per-
cent, and mean ± SD. Paired t-test was used for univariate
analysis before and after intervention, and Student’s t-test
was used for comparison between two groups. Chi-square
(χ2) test was used to assess the relationship between two cat-
egorical variables. The multivariate analysis was conducted
with logistic regression analysis. P < 0:05 was considered sta-
tistically significant.

3. Results

3.1. Clinical Characteristics of Patients. A total of 92 cases
with facial trauma were enrolled in this study. There were

no statistical difference between the age, BMI, gender, place
of residence, smoking history, marital history, record of chil-
dren, career, education level, family monthly income, the
forms of injury, treatment, complicated injury, and pre-
dicted prognosis between the intervention group and control
group (P > 0:05). We also found the statistical difference in
the drinking history (P < 0:05), length of hospital stay
(P < 0:001), and treatment expenses between the two groups
(P < 0:05), as shown in Table 1.

3.2. The Effect of Psychological Intervention on the Self-
Esteem, Depression, and Anxiety of Patients. The effects of
psychological intervention on the SES, SDS, and SAS scores
before and after intervention are presented in Table 2. There
was no significant difference in the SES score between the
two groups before and after intervention (P > 0:05), but
there were significant differences in SDS and SAS scores
between the two groups before and after intervention
(P < 0:001). A total of 43 patients (46.94%) in the two groups
showed low self-esteem (SES < 20), 72 patients (78.26%)
showed mild or more depression symptoms (SDS > 53),
and 86 patients (93.48%) showed mild or more anxiety
(SAS > 50).

During the follow-up period, there were 23 cases
(25.00%) showed low self-esteem, 36 cases (39.13%) showed
depression, and 44 cases (47.83%) showed anxiety in the
control group. In the intervention group, there were 20 cases
(21.74%) of low self-esteem, 9 cases (9.78%) of depression,
and 19 cases (20.65%) of anxiety, respectively. The incidence
of depression and anxiety was significantly different between
the two groups (P < 0:05). The scores of depression and anx-
iety reduced significantly after intervention (P < 0:05), while
the SES scores were not significantly affected. According to
multivariate analysis, the SAS and SDS scores in the inter-
vention group were significantly reduced compared with
the control group (P < 0:05).

3.3. The Influence of Psychological Intervention on the PTSD
and PTG of Patients. The effects of psychological interven-
tion on PCL-C and PTGI scores are exhibited in Table 2.
During the follow-up period after discharge from the hospi-
tal, 42 patients (91.30%) in the control group developed a
certain degree of PTSD (PCL‐C > 38), and 22 cases
(47.83%) of them were diagnosed of PTSD (PCL‐C > 50).
For the intervention group, there were 15 patients
(32.61%) developed a certain degree of PTSD (PCL‐C > 38
), among whom 6 cases (13.04%) were diagnosed of PTSD.
Both univariate and multivariate analyses demonstrated
lower total PCL-C scores and higher PTGI scores in the
intervention group in comparison with the control group
after intervention, with statistical differences (P < 0:001).

3.4. Comparison of the Treatment Outcome between the Two
Groups on the Quality of Life. The WHOQOL-BREF scores
of the two groups were also compared. The results indicated
that the WHOQOL-BREF scores were both increased in two
groups before and after the treatment. Moreover, after the
treatment, the patients in the intervention group showed
higher WHOQOL-BREF scores than those in the control
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Table 1: Demographic and baseline characteristics of the two groups.

Factors Control group (n = 46) Intervention group (n = 46) T/χ2 P

Age (years) 28:70 ± 4:62 30:43 ± 5:47 1.64 0.10

BMI (kg/m2) 20:79 ± 2:88 20:11 ± 2:66 1.17 0.24

Gender

Male 25 (54.35) 24 (52.17) 0.04 0.83

Female 21 (45.65) 22 (47.83)

Residence place

Urban 43 (93.48) 43 (93.48) 0 1

Rural 3 (6.52) 3 (6.52)

Smoking history

No 36 (78.26) 34 (73.91) 0.24 0.63

Yes 10 (21.74) 12 (26.09)

Drinking history

No 28 (60.87) 41 (89.13) 9.8 <0.05
Yes 18 (39.13) 5 (10.87)

Marital status

Unmarried 11 (23.91) 21 (45.65) 5.27 0.07

Married 32 (69.57) 24 (52.17)

Divorced 3 (6.52) 1 (2.17)

Child

No 24 (52.17) 25 (54.35) 0.04 0.83

Yes 22 (47.83) 21 (45.65)

Career

Farmer/migrant worker 10 (21.74) 7 (15.22) 1.99 0.57

Enterprises and public institutions 18 (39.13) 20 (43.48)

Others 10 (21.74) 14 (30.43)

Jobless 8 (17.39) 5 (10.87)

Education level

Junior-senior high school and below 15 (32.61) 10 (21.74) 2.55 0.28

College degree/bachelor and above 30 (65.22) 36 (78.26)

Others 1 (2.17) 0 (0)

Family monthly income

<5000 6 (13.04) 10 (21.74) 1.21 0.27

≥5000 40 (86.96) 36 (78.26)

Forms of injury

Violence 8 (17.39) 7 (15.22) 1.13 0.77

Road accident 13 (28.26) 10 (21.74)

Fall down 19 (41.3) 24 (52.17)

Others 6 (13.04) 5 (10.87)

Treatment

Conservative treatment 32 (69.57) 36 (78.26) 0.9 0.34

Surgery 14 (30.43) 10 (21.74)

Complicated injury

No 29 (63.04) 28 (60.87) 0.05 0.83

Yes 17 (36.96) 18 (39.13)

Predicted prognosis

Favorable 34 (73.91) 37 (80.43) 0.56 0.46

Poor 12 (26.09) 9 (19.57)

Hospital stay (days) 4:94 ± 1:73 3:07 ± 0:68 6.82 <0.001
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group, especially in the psychological health and social rela-
tionship fields (P < 0:01), which indicated the effect of CBT
combined with EMDR on the improvement of life quality
of patients with facial trauma, as shown in Table 3.

4. Discussion

The human face, characterized by the uniqueness, is a
dynamic tool carrying information in social communication
[22]. It is closely related to the sense of self, self-esteem, and
identity [23, 24]. Patients with facial trauma due to violence,
road accidents, burn injury, sports injuries, etc., often expe-
rience a variety of symptoms of emotional stress, including
depression, anxiety, social phobia, low self-esteem, and frus-
tration, resulting in susceptibility to psychological problems
and poor life quality [25–27]. According to clinical
researches, about 20%-30% patients with facial trauma show
the symptoms and signs of anxiety [28, 29]. Moreover,
patients with facial trauma showed increased PTSD inci-
dence compared with the general population [30, 31]. In
our study, we found that patients with facial trauma exhib-
ited evident short-term symptoms of depression and anxiety.
There were 78.26% of the patients with different degrees of
depression and 93.48% of the patients of anxiety symptoms.
In the follow-up periods, part of the control group patients
could calm down by themselves, while there were still

39.13% of patients of depression and 47.83% of patients of
anxiety to different degrees. The incidence of depression
and anxiety was significantly different between the two
groups (P < 0:05). The scores of depression and anxiety
reduced significantly after intervention (P < 0:05), while the
SES scores were not significantly affected. According to mul-
tivariate analysis, the SAS and SDS scores in the intervention
group were significantly reduced compared with the control
group (P < 0:05). Additionally, 47.83% of the patients pre-
sented the symptoms of PTSD. Therefore, patients with
facial trauma are prone to adverse psychological emotions,
and more attention should be paid to improving their men-
tal health.

The management of psychological intervention of
patients with facial trauma is still challenging. The EMDR
and CBT are evidence-based treatment options for patients
with PTSD [32]. Previous studies have compared the effect
of EMDR and CBT for different mental disorders such as
PTSD, obsessive-compulsive disorder, and panic disorder
[33–35]. Both the two methods showed significant effect to
alleviate the depression, anxiety, and behavior problems
[36]. In our study, we provided CBT and EMDR interven-
tions to patients from admission to hospital in stable condi-
tion to the follow-up home visit. After treatment, patients in
the intervention group presented lower SDS, SAS, and PCL-
C scores compared with the control group in the follow-up

Table 1: Continued.

Factors Control group (n = 46) Intervention group (n = 46) T/χ2 P

Expenses (thousand yuan) 6:37 ± 3:08 5:11 ± 2:61 2.12 <0.05

Table 2: Comparison of treatment outcomes between the two groups.

Indicators Evaluation period Control group (n = 46) Intervention group (n = 46) T P B ∗P

SES score
Before intervention 19:39 ± 4:71 19:54 ± 5:21 0.15 0.88 -0.65 0.49

After intervention 20:76 ± 3:55 19:54 ± 5:21 0.22 0.83

SDS score
Before intervention 63:39 ± 11:71 62:24 ± 7:90 0.55 0.58 -12.97 <0.001
After intervention 59:98 ± 9:43 46:07 ± 7:10 8.00 <0.001

SAS score
Before intervention 64:41 ± 10:13 65:43 ± 9:73 0.49 0.62 -14.99 <0.001
After intervention 61:5 ± 6:40 46:09 ± 11:95 7.71 <0.001

PCL-C score After intervention 50:00 ± 7:87 22:85 ± 13:77 7.33 <0.001 -16.05 <0.001
PTGI score After intervention 42:24 ± 6:18 52:17 ± 10:30 5.61 <0.001 10.40 <0.001
∗P indicates the logistic regression P value.

Table 3: Comparison of the WHOQOL-BREF indicator between the two groups.

Indicator
Control group (n = 46) Intervention group (n = 46)

F
Before treatment After treatment Before treatment After treatment

Physical health 20:6 ± 4:0 22:2 ± 3:8 20:5 ± 3:6 23:8 ± 4:2 1.94

Psychological health 17:8 ± 3:8 19:3 ± 4:1 18:2 ± 3:6 20:7 ± 3:8 2.05∗∗

Social relationships 8:7 ± 2:5 9:4 ± 3:2 8:9 ± 2:3 9:7 ± 2:6 6.37∗∗

Environment 25:9 ± 4:2 27:2 ± 4:5 26:7 ± 4:6 29:4 ± 4:1 7.53
∗∗P < 0:01.
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periods (P < 0:001). There were 9.78% patients presented
depression, 20.65% presented anxiety, and 13.04% presented
PTSD in the intervention group. After treatment, the PTGI
score of the intervention group was significantly higher than
those of the control group (P < 0:001). The hospital stay
(P < 0:001) and hospital expenses (P < 0:05) in the interven-
tion group were significantly lower than the control group.
Moreover, compared with the control group, patients in
the intervention group showed improved physical health,
psychological health, social relationship, and environment
(P < 0:01). CBT combined with EMDR intervention was
effective to improve the life quality of patients with facial
trauma. Therefore, based on the trusted doctor-patient rela-
tionship, doctors should actively listen to the feelings of
patients and adopt the CBT combined with EMDR to affect
the negative thought of patients, promoting the establish-
ment of right cognition and recovery from trauma.

In conclusion, based on the CBT combined with EMDR
psychological intervention to the patients with facial trauma,
we found that psychological intervention is effective to
attenuate the depression, anxiety, and PTSD and improve
the posttrauma growth self-esteem as well as life quality of
patients with facial trauma. The finding of our study indi-
cates the potential of CBT combined with EMDR in the psy-
chological intervention of facial trauma patients in clinical
practice.
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Aim. Ischemic stroke is a common brain disease, which seriously affects the quality of life of patients. The purpose of this study
was to evaluate the impact of the application of standardized health education in ischemic stroke patients on patient management
satisfaction and clinical management service quality.Methods. 220 patients with ischemic stroke were chosen for study target. The
research objects were randomly divided into control group (n = 110) and education group (n = 110) by odd even number draw
lots. The control group conducted conventional treatment; on the basis of the control group, the education group received
standardized health education. The impact of the application of standardized health education in patients with ischemic stroke
on patient management satisfaction and clinical management service quality was analyzed. Results. The number of health error
items in the two groups decreased significantly after 2 months and 3 months of treatment, contrast to before admission, and
the number of health error items in the education group was lower than that in the control group, and the difference was
statistically significant. After 3 months of treatment, the daily activity score increased and the neurological function score
decreased in the two groups, and the daily activity score in the education group was higher than that in the control group, and
the neurological function score was lower than that in the control group; the difference was statistically significant. The
satisfaction scores of patients in the education group in different aspects such as staff working attitude, health management,
diet management, and environmental management were higher than those in the control group, and the disparity was obvious.
Conclusion. The application of standardized health education in patients with ischemic stroke has certain clinical value.

1. Introduction

Ischemic stroke is a common vascular brain illness with a
complex pathogenesis that is significantly associated with
environmental, genetic, and acquired genetic factors [1, 2].
Ischemic stroke is a condition in which patient’s cerebral
arteries are blocked, resulting in a dysfunctional blood sup-
ply to the brain, leading to partial brain tissue necrosis,
which severely affects the patient’s neurological function
[3, 4]. The disease usually occurs suddenly. With the contin-
uous evolution of ischemic stroke, patients’ nerves are very
vulnerable to damage, and its disability rate is high, which
will lead to the obstruction of their limb motor ability, the

impairment of their visual and auditory abilities, and the
decline of their autonomous activity ability and motor abil-
ity, which will seriously influence the level of life of living
sufferers [5, 6]. At present, intravenous thrombolysis is used
to treat patients in clinic, which has good curative effect, but
standardized management has not been formed in disease
health education [7, 8]. Therefore, we should find a scientific
and standardized health education method to carry out
health management and education for their diseases, which
can take a vital part in the healthy life, ability, and neurolog-
ical function recovery of patients [9–11]. In this study,
obtained in to our hospital, from September 2019 to Decem-
ber 2021, 220 patients with ischemic stroke were selected as
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the research objects, and the health management education
and training program was formulated to explore its applica-
tion effect. Now it is reported as follows.

2. Materials and Methods

2.1. Study Subjects. 220 patients with ischemic stroke who
came to the emergency department of our hospital from
September 2019 to December 2021 were randomly divided
into education group (n = 110) and control group (n = 110)
by odd even number draw lots. During the study period,
no suspension or shedding occurred in both groups. There
were 52 males and 58 females in the education group. Aged
from 24 to 72, the average age was 45:18 ± 5:46 years old. In
the control group, there were 50 males and 60 females. Aged
from 28 to 74, the average age was 45:74 ± 5:38 years old.
There was no difference in general data such as gender and
age of patients (P > 0:05), which was comparable. According
to the diagnostic criteria for acute ischemic stroke in the
“Chinese guidelines for the diagnosis and treatment of ische-
mic stroke 2014” [9] written by Peng et al. [12], the patient
has severe coma and no active consciousness.

2.2. Inclusion and Exclusion Criteria. This study was
approved by the ethics committee of our hospital. Inclusion
criteria are as follows: (1) meet the above diagnostic criteria
of ischemic stroke, (2) the surgical characteristics are rela-
tively clear, (3) less than 79 years old, (4) surgery can be
arranged within 72 hours after admission, and (5) the
patient or his family members sign the medical documents
and voluntarily participate. Exclusion criteria are as follows:
(1) patients with severe autoimmune diseases, (2) those who
had cerebral hemorrhage in the past, (3) patients with severe
blood system diseases or coagulation dysfunction, (4)
patients with malignant tumors, (5) people with mental dis-
orders, and (6) the patient is in a coma.

2.3. Treatment Regimens. The control group: the patients
were dealt with routine treatment, psychological repair
activities, appropriate psychological counseling, and reliev-
ing the patients’ mood, so as to recover quickly. It was sug-
gested that patients should mainly eat light food.

The education group: implement standardized expert edu-
cation methods for patients, and the contents were as follows:

(1) Establish a nursing expert group, the members of
which were mainly composed of experienced clini-
cians and nurses. The members of the group coopera-
ted closely to discuss nursing intervention measures.
Make nursing and recuperation plans in time

(2) Condition Monitoring, Dynamic Monitoring of
Patients’Recovery Process, andMonitoring of Patients’
Indicators. Timely give feedback about the recovery of
the disease, through reexamination and other ways to
understand the patient’s condition contrasted, and
provide patients with a reasonable dietary plan

(3) Create a good ward environment. Ventilate the ward
regularly, adjust the temperature to 27-32°C, the air

humidity should be 60%-70%, and set warning signs
in the ward to create a good environment for patients

(4) Admission Nursing. The admission nursing of
patients required the consent of patients and their
families. Under the guidance of doctors, the nursing
staff carried out admission nursing in strict accor-
dance with the nursing plan

(5) Psychological Repair. From the perspective of the
patient’s treatment process, it was inevitable to have
negative emotions about the condition. Nursing staff
need to appease patients’ emotions, timely give feed-
back about the effect of patients in the treatment stage,
and encourage patients to maintain a stable mood

(6) Establish a good doctor-patient relationship. When
communicating with patients with ischemic stroke,
medical staff should reasonably guide patients to
communicate with them in combination with
patients’ emotions, so as to improve patients’ enthu-
siasm for treatment cooperation

(7) Strengthen Self-Management. Send disease knowl-
edge manuals and precautions to patients with ische-
mic stroke, so that patients can understand the
disease precautions. The goal should be to improve
patient management objectives and medical compli-
ance behavior, so as to achieve patient self-
management. Each time you visited patients, you
should closely communicate with patients about dis-
ease precautions, understand patients’ medication,
explain the relationship between exercise, diet, and
glucose metabolism, and strengthen patients’ medi-
cal compliance behavior

(8) Establish the patient’s disease management informa-
tion, including the basic information of the patient’s
hospitalization, as well as the living ability and the dis-
ease managementmode. Carry out neurological reha-
bilitation training and drug treatment for patients, as
well as the key points of first aid after stroke

(9) Discharge Education. A series of common problems
for patients discharged from hospital also need
patients to carry out education, such as how to carry
out disease self-management, self-care program, and
scientific diet plan after discharge. Nurses recorded
the above knowledge points into videos for patients
to read and learn and finally continued to deepen
their cognition and understanding of knowledge
points, so as to achieve effective health education
(Figure 1).

2.4. Follow-Up. (1) Standardize health education knowledge.
Observe and record the health knowledge evaluation form of
the two groups of patients, including stroke and treatment
and rehabilitation knowledge, and count the relevant scores.
(2) Service quality. The recovery status of patients was
assessed by daily activity scale (Barthel Index scale) and neu-
rological function rating scale (NIHSS), and their service and
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treatment were effectively evaluated. Barthel Index scores
range from 0 to 100 points. The higher the score, the stron-
ger the ability of daily activities; NIHSS score was 0-42
points. The higher the score, the more serious the nerve
defect. (3) Management satisfaction. A self-made question-
naire was used to evaluate the patients’ satisfaction with this
visit, including the staff’s working attitude, health manage-
ment, food management, and environmental management.
The total score of each part was 25 points, and the full score
was set to 100 points

2.5. Data Analysis. SPSS 22.0 was utilized to evaluate quan-
titative data, and the assessment sample was normally dis-
tributed with equal variance and written as (x ̅±s). The t
-test of paired samples was utilized for intracategory com-
parisons, while the t-test of independent samples was used
for comparison between two categories. And the difference
was taken clinically significant at P < 0:05.

3. Results

3.1. Comparison of Two Groups of Health Knowledge
Analysis. On admission, there was no significant difference
in health knowledge error item score between the two
groups (P > 0:05). The number of health knowledge error
item in the two groups decreased significantly after 2 months
and 3 months of treatment compared with that before
admission (P < 0:05), and the number of health knowledge
error item in the education group was lower than that in
the control group; the difference was statistically significant
(P < 0:05), as shown in Table 1.

3.2. Comparison of Daily Activity and Neurological Function
between the Two Groups. At admission, there was no signif-
icant difference in the scores of daily activity and neurolog-
ical function between the two groups (P > 0:05). After 3
months of treatment, the scores of daily activity and neuro-
logical function of the two groups increased, and the scores

220 sufferers with ischemic stroke were
obtained

Contrasted the number of
wrong items of health knowledge

between the two

A self-designed questionnaire
was used to investigate the

sufferers’ satisfaction with this
visit

�e recovery status of
sufferers was assessed by
daily activity scale and
neurological function
scale, and their service
quality was effectively
evaluated.

�e control group received
routine treatment,

�e education group was
dealt with standardized health

education

Figure 1: The application of standardized health education in patients with ischemic stroke can improve the ability of daily activities,
enhance the repair of neural function, and increase the nursing satisfaction of patients.

Table 1: Comparison of the number of wrong items of health knowledge between the two groups (pieces, x ̅±s).

Category Instances On admission Treatment for 2 months Treatment for 3 months

Education group 110 31:35 ± 3:38 7:37 ± 1:79▲ 6:34 ± 1:59▲

Control group 110 30:34 ± 6:57 12:31 ± 3:57▲ 11:34 ± 3:98▲

t value 1.306 12.973 12.236

P value 0.194 0.000 0.000

Note: Compared with the same group at admission, ▲P < 0:05.
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of daily activity and neurological function of the education
group were higher than those of the control group and lower
than those of the control group. The differences were statis-
tically significant (P < 0:05), as shown in Table 2.

3.3. Analysis of Patients’ Satisfaction in the Two Groups. The
satisfaction scores of the patients in the education group in
different aspects such as staff working attitude, health man-
agement, diet management, and environmental manage-
ment were higher than those in the control group, and the
difference was statistically significant (P < 0:05), as shown
in Table 3.

4. Discussion

Ischemic stroke is a common brain disease, whose pathogen-
esis is closely related to external environment, psychological
factors, and self-immunity. Clinically, the symptoms of
ischemic stroke are coma, blurred consciousness, language
function, and sensory nerve disorders, which may cause
severe loss of activity [13–15]. Patients with ischemic stroke
are very prone to ischemia, resulting in hypoxic necrosis of
neurons in brain tissue, damage to neurons, and irreversible
cell death, which will have a huge impact on the patient’s
neurological function, and the disease develops rapidly. Soon
after, the patient has blurred consciousness, which seriously
threatens the patient’s life and health [16–18]. At present,
hyperbaric oxygen therapy is used in clinic, which can effec-
tively delay the patient’s condition and effectively control the
blood supply to the brain. However, 25% of patients have
serious sequelae, patients’ neurological function is damaged,
and some patients’ neurological function recovery is poor,
which can effectively improve patients’ activity and cognitive
function [19]. Standard education is helpful to evaluate the
degree of neurological impairment of ischemic stroke and
lay a theoretical basis for the diagnosis of early patients.

With the continuous improvement of people’s living
standards and the improvement of people’s dietary structure
and lifestyle, the proportion of patients with ischemic stroke

will continue to increase. Ischemic stroke is a common brain
disease, which seriously affects people’s quality of life. There-
fore, patients need to take drugs for a long time to inhibit
vascular blockage, but the patients’ cognitive level of the dis-
ease is low and lack of systematic understanding, which
affects the patients’ life treatment [20, 21]. Especially in the
elderly, the cognitive level of patients with ischemic stroke
is low, and they do not listen to the advice of medical staff,
which is not conducive to disease control. The difficulties
in the management of patients with ischemic stroke are the
long disease cycle, many complications, patients’ emotional
instability, and poor drug control effect.

The main advantages of the application of standardized
health education: dynamically understand the situation of
patients and timely monitor various indicators of patients,
and medical staff should provide psychological guidance to
patients, so as to grasp the basic situation of patients in time,
so that patients can actively cooperate with treatment. This
study found that the score of daily activity ability of patients
in the education group was significantly higher than that in
the control group, and the score of neurological function of
patients in the education group was significantly lower than
that in the control group. It shows that health standardiza-
tion education can strengthen rehabilitation training for
patients through careful, accurate, and standardized opera-
tion, so as to reduce patients’ neurological function and
improve patients’ daily activity ability. Meglio et al. [22] have
shown that humanistic care for patients with ischemic stroke
can effectively improve their quality of life. When carrying
out nursing intervention for patients with ischemic stroke,
it is necessary to carry out psychological counseling, establish
an optimistic attitude, and handle treatment correctly, which
will make patients actively cooperate with treatment, build
confidence, and make patients actively seek help. Pay a return
visit to patients, monitor their condition in real time, and
communicate with patients at any time, which is convenient
for correcting patients’ behavior in time and strengthening
exercise and other aspects and will improve patients’ health
status in time. This study found that the satisfaction scores

Table 2: Comparison of daily activity and neurological function between the two groups (points, x ̅±s).

Category Instances
Daily activity ability Neurological function score

On admission Treatment for 3 months On admission Treatment for 3 months

Education group 110 56:58 ± 9:97 71:82 ± 7:43▲ 22:13 ± 3:24 12:21 ± 2:19▲

Control group 110 55:04 ± 6:70 64:42 ± 6:06▲ 22:56 ± 3:97 14:43 ± 3:92▲

t value 1.345 8.095 0.880 5.185

P value 0.180 0.000 0.380 0.000

Note: Compared with the same group at admission, ▲P < 0:05.

Table 3: Satisfaction of patients in the two groups (points, x ̅±s).

Category Instances Staff working attitude Health management Diet management Environmental management

Education group 110 22:08 ± 1:64 23:31 ± 1:05 22:16 ± 1:09 22:82 ± 1:64
Control group 110 20:25 ± 2:38 21:14 ± 1:89 21:01 ± 1:27 20:28 ± 2:36
t value 6.640 10.526 7.207 9.270

P value 0.000 0.000 0.000 0.000
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of patients in the education group were higher than those in
the control group in different aspects such as staff work atti-
tude, health management, diet management, and environ-
mental management. Narayan et al. [23] have conducted
comprehensive nursing intervention on patients with ische-
mic stroke and found that the comprehensive nursing inter-
vention group is significantly higher than the control group,
and the cognition of the disease is relatively high. This is
mainly because patients are optimistic after treatment with
standardized education, and actively cooperate with doctors
to significantly improve the curative effect and effectively
improve the treatment effect of patients [24–26]. Therefore,
health standardized education should be carried out in the
treatment of patients with ischemic stroke, and psychological
counseling and rehabilitation training should be included in
the treatment of patients with ischemic stroke. It is beneficial
to the recovery of patients. However, there are some short-
comings in this study, such as single center and small sample
size, which lead to the limitations of the research results. It is
necessary to design a multicenter and large sample study to
further verify the test results.

5. Conclusion

To sum up, in the treatment of ischemic stroke patients with
standardized health education, integrating psychological
counseling and rehabilitation training into the treatment of
ischemic stroke patients will help patients improve their psy-
chology, establish a positive and optimistic attitude, and
teach patients to master medical nursing knowledge and
self-care methods. Through the scientific guidance of
patients’ psychology, diet, and environment, the symptoms
of patients can be significantly alleviated, which is worthy
of clinical promotion.

Data Availability
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The aim of this study was to explore the influences of nonstrabismic amblyopia on quality of life in adolescents. Health-
related quality of life (HRQoL) scale, a multidimensional construct that indicates a fundamental health outcome, was used
to measure physical and psychosocial functioning of the adolescents. Forty teenagers with nonstrabismic amblyopia and 40
control teenagers without nonstrabismic amblyopia were recruited between April 2019 and July 2021. The anthropometric
measures, body image, physical activity outcome, and HRQoL scores including physical health, emotional functioning,
social functioning, and school functioning were compared between the two groups. The results revealed that teenagers with
nonstrabismic amblyopia had less weekly sedentary time (P < 0:001), weekly total steps (P < 0:001), and worse school
functioning (P = 0:0211) than control teenagers. No significant difference was found in anthropometric measures and body
image between the two groups (P > 0:05). This study implied the needs for teenagers with nonstrabismic amblyopia to
enhance physical activities. Teachers and parents are encouraged to pay more attention to teenagers with nonstrabismic
amblyopia to improve their school functioning.

1. Introduction

Amblyopia is a neurodevelopmental disorder, affecting up to
5% of the general population [1]. For patients with amblyopia,
monocular vision or binocular vision is decreased because of
poor visual stimulation in childhood [2]. After uncorrected
refractive errors, amblyopia is the secondmost common cause
of poor vision in children and young adults [2, 3]. The most
common amblyogenic factors include strabismus and aniso-
metropia. Strabismus is noticeable, while other types of ambly-
opia were not easily to be recognized by parents. Childrenmay
go undetected until they are beyond the critical period of
treatment efficacy. Anisometropic amblyopia shows high
prevalence in school-age children [4, 5]. Despite it, investiga-
tions on nonstrabismic amblyopia in quality of life were very
limited. This may be due to that nonstrabismic amblyopia is
deemed less serious than strabismus-associated amblyopia,
which has obvious emotional and psychosocial consequences
[6, 7]. Moreover, many amblyopia-related studies focus on
the effects of amblyopia treatment [8, 9] but not the condition

itself, and recurrence of amblyopia occurs in 25% to 50% of
children after successful treatment, and binocular vision rarely
returns to normal after repair [10].

To assess the physical and social functioning, well-being,
and mental health of children and adolescents, health-
related quality of life (HRQoL) has aroused much interest
[11]. Certain key aspects of health are not assessed by
clinical or traditional physiological measurements but can
be detected by HRQoL measures. Quality of life was defined
as “the individual” perception of their position in life in the
context of the culture and value systems in which they live
and in relation to their goals, expectations, standards, and
concerns by World Health Organization [12]. HRQoL is
multidimensional and includes various subdimensions of
subjective experience, such as social interaction, psychologi-
cal well-being, physical activity, and school performance,
reflecting individual self-assessment, perception of enjoy-
ment and well-being, and satisfaction with functioning, life,
and general health [13, 14]. In recent years, the evidence of
the effects of amblyopia on HRQoL has been measured
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[15]. Literatures point out that amblyopia indeed influences
the individual together with family members [16], but the
way in which amblyopia treatment has changed and some
studies demonstrating that HRQoL implications of ambly-
opia are dated. Therefore, it is essential to reevaluate whether
the influence of amblyopia on HRQoL has altered by
changes in clinical practice. A previous study demonstrated
that nonstrabismic amblyopia influences the quality of life
of adults [17]. Currently, few studies have evaluated
perspective quality of life in adolescents with nonstrabismic
amblyopia.

Considering the importance of studying HRQoL, we
performed a study to reveal the effects of nonstrabismic
amblyopia on HRQoL in adolescents.

2. Methods

2.1. Participants. The study was conducted following the
Declaration of Helsinki and was approved by the ethnical
committee of Northern Jiangsu People’s Hospital. Partici-
pants were recruited by department of ophthalmology in
Northern Jiangsu People’s Hospital. Written informed
consent was gained from a parent or legal guardian before
testing their child and after explanation of the nature and
possible consequences of the study. Persons who visited
the hospital underwent a complete eye examination includ-
ing ocular motility test, slit lamp examination, refraction,
cover-uncover test, and dilated retinal evaluation. The inclu-
sion criteria were set as follows: (1) aged between 12 and 18
and (2) diagnosed with amblyopia [18]. The exclusion
criteria were set as follows: (1) with strabismus [19], (2) with
severe diseases that influence the daily life, and (3) unwilling
to join in the study (for both teenager participants and their
parents). Finally, 40 teenagers (male = 28 and female = 12)
with nonstrabismic amblyopia were included, and 40
healthy teenagers (male = 23 and female = 17) without non-
strabismic amblyopia were recruited between April 2019 and
July 2021.

2.2. HRQoL. The Pediatric Quality of Life Inventory
(PedsQL) [20], recommended by Khairy et al. as a simple,
easy, and reliable model for assessing HRQoL [21], was used
in our study. The PedsQL questionnaire had 23 items in
total and was divided into 4 domains regarding physical
functioning (8 items) and psychosocial health (15 items).
The latter one was further divided into social functioning
(5 items), emotional functioning (5 items), and school func-
tioning (5 items). Each item was reversely scored and line-
arly transformed, and higher scores indicate better HRQoL
[20]. The transformation was set as follows: 0 = 100, 1 = 75,
2 = 50, 3 = 25, and 4 = 0. Children completed the PedsQL
questionnaire by themselves after instructions from our
research team. Children’s self-reported HRQoL and their
parents perceived children’s HRQoL total scores were
recorded.

2.3. Body Image Perception. Parents were invited to identify
the most similar image with body of their children among
various silhouettes to evaluate the parent’s body image

perception about their children [22]. There are two
different silhouettes, actual figure and ideal figure, selected
by the parents. Actual figure is the image that is believed
to be the most similar with their children. Ideal figure is
the image that is desired for their children. Overestimation
of the body image means that actual figure is larger than
ideal figure and vice versa. The profile series were divided
based on the BMI categories determined by Cole’s cut-off
values: 1: underweight status, 2: normal weight status, 3:
overweight status, and 4: obese status. Profiles 1 and 2
correspond to underweight; profiles 3, 4, and 5 correspond
to normal weight; profiles 6 and 7 correspond to over-
weight; profiles 8 and 9 correspond to obesity.

2.4. Anthropometric Measuring. BMI was calculated as
weight/height2, which was used to assess the weight status
of each participant according to Cole cut-off values by sex
and age [23]. The units for weight and height were kilogram
and meter. The waist/height ratio (WHTR) was calculated to
reveal the cardiovascular risk with the cut-off value set as 0.5
[24, 25].

2.5. Physical Activity Variables. Sedentary time was moni-
tored using ActiGraph accelerometry monitors (Actigraph,
USA) and was analyzed using the ActiLife 6.13.3 software
(ActiGraph) [26]. Accelerometers were fixed with an elastic
belt around the waist in the right side. Teenagers worn the
accelerometers for a week and removed the accelerometers
when bathing, swimming, and showering. The Evenson cut
points were used to calculate the minutes spent in physical
activity per day [27]. Adolescents aged 5–17 were recom-
mended by World Health Organization to perform at least
one hour of moderate-to-vigorous PA (MVPA) per day
[28], which was measured in this study, and at least 3 valid
days were needed for inclusion in analyses.

2.6. Statistical Analysis. Data are expressed as N (%) or
mean ± SD. All analyses were carried out using SPSS, version
22 (SPSS Inc. Chicago, IL, USA). Chi-square test and
unpaired t test were applied. The significance threshold
was set as P ≤ 0:05.

3. Results

3.1. Comparison of the General Information between the Two
Groups. General information including age, gender, and
parents’ education of teenagers in the healthy control and
nonstrabismic amblyopia groups was collected. As revealed
in Table 1, there is no significant difference among general
information between the two groups (P > 0:05).

3.2. Comparison of the Anthropometric Measures between the
Two Groups. Teenagers in the healthy control and nonstra-
bismic amblyopia groups had no significant differences in
BMI and WHTR (P > 0:05, Table 2).

3.3. Comparison of the Body Image between the Two Groups.
Teenagers in the healthy control and nonstrabismic ambly-
opia groups had no significant differences in body image
(P > 0:05, Table 3).
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3.4. Comparison of the Physical Activity Outcomes between
the Two Groups. Teenagers in the healthy control and non-
strabismic amblyopia groups had no significant differences

in daily MVPA (P > 0:05). However, the nonstrabismic
amblyopia group showed longer weekly sedentary time and
less weekly total steps than the control group (P < 0:001,
Table 4).

3.5. Comparison of HRQoL of the Teenagers between the Two
Groups. Teenagers in the healthy control and nonstrabismic
amblyopia groups had no significant differences in scores of
physical health, emotional functioning, and social function-
ing (P > 0:05). However, the nonstrabismic amblyopia group
showed less school functioning scores than the control
group (P = 0:0211, Table 5).

3.6. Comparison of HRQoL of the Parent Proxy-Reports
between the Two Groups. As revealed in Table 6, there are
no significant differences in physical health, emotional func-
tioning, and social functioning of the parent proxy-reports
between the two groups (P > 0:05). However, the nonstrabis-
mic amblyopia group showed less school functioning scores
than the control group (P = 0:0017).

4. Discussion

The subtypes of amblyopia (strabismic and nonstrabismic
amblyopia) are not only disturbance of the development of
the visual system at different points but also primarily
different pathologic processes [29]. Some previous studies
revealed the negative influence of strabismic amblyopia (or
its treatment) on life of quality [30–32] while that of non-
strabismic amblyopia remains unknown. The study was
designed to investigate the anthropometric measures, body
image perception, physical activity outcomes, teenager-self
reported, and parent-reported HRQoL from 40 teenagers
with nonstrabismic amblyopia and 40 control teenagers.
There were no significant differences between the general
information including age, gender, and family education
level of the teenagers in the two groups (P > 0:05). In addi-
tion, body image is a multifaceted mental representation of
our bodies and their emotional experiences that is constantly
updated. During adolescence, due to the constant physical
and cognitive changes occurring, body image concerns occur
frequently, thus increasing the evaluation and attention to
the body and appearance. Sociocultural influences and social
comparisons internalize the ideal of beauty, which leads to
negative body image and dissatisfaction with appearance
[33]. Therefore, adolescence is a time of significant physical
and social change that can lead to negative body image. Per-
ception of body image is associated with BMI and WHTR.
However, reports about amblyopia and perception of body
image are rare. Here, we found that the two groups also
exhibited no significant differences in anthropometric mea-
sures including BMI and WHTR and perception of their
parents on the body image (P > 0:05).

Amblyopia is associated with academic scores in math-
ematics, reading, social science, and science [34]. Consis-
tent with previous literature, we found that adolescents
with nonstrabismic amblyopia have worse school function-
ing than control peers (P = 0:0211), which might be
associated with the vision loss in leaning period. Besides

Table 1: General information of the participants.

Parameters
Healthy
control

Nonstrabismic
amblyopia

P
value

Age 15:89 ± 1:57 15:64 ± 1:13 0.5242

Gender 0.3524

Male
n = 23
(57.5%)

n = 28 (70%)

Female
n = 17
(42.5%)

n = 12 (30%)

Mother’s
education

0.8565

Low n = 7 (17.5%) n = 11 (27.5%)

Medium
n = 17
(42.5%)

n = 20 (50%)

High n = 6 (40%) n = 9 (22.5%)
Father’s
education

0.4669

Low n = 3 (7.5%) n = 5 (12.5%)

Medium
n = 21
(52.5%)

n = 22 (55%)

High n = 6 (40%) n = 3 (7.5%)

Data are expressed as N (%) or mean ± SD. Unpaired t test or chi-square
test was conducted.

Table 2: Anthropometric measures of the participants.

Parameters
Healthy
control

Nonstrabismic
amblyopia

P
value

BMI 19:21 ± 2:15 20:55 ± 2:36 0.1107

Normal
weight

n = 37
(92.50%)

n = 35 (87.50%) 0.7449

Overweight n = 1 (2.50%) n = 2 (5.00%)

Underweight n = 2 (5.00%) n = 3 (7.50%)

Obese n = 0 (0.00%) n = 0 (0.00%)

WHTR 0:47 ± 0:03 0:48 ± 0:03 0.1626

Non at risk
n = 39

(97.50%)
n = 38 (95.00%) 0.5562

At risk n = 1 (2.50%) n = 2 (5.00%)

Data are expressed as N (%) or mean ± SD. Unpaired t test or chi-square
test was conducted.

Table 3: Body image of the participants.

Healthy
control

Nonstrabismic
amblyopia

P
value

Under n = 6 (15.00%) n = 4 (10.00%) 0.7563

Correct
n = 31

(77.50%)
n = 32 (80.00%)

Overestimation n = 3 (7.50%) n = 4 (10.00%)

Data are expressed as N (%). Chi-square test was conducted.
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school functioning, physical health, emotional functioning,
social functioning are also important for adolescents. It
was reported that the nonamblyopia group had signifi-
cantly better motor competence on the physical activity
than either the corrected amblyopia group or the noncor-
rected amblyopia group [35]. Moreover, quite a number of
amblyopia patients believe that amblyopia affects their
study and work to a certain extent and generally affects
their lifestyle [36]. Previous study also showed that chil-
dren with strabismus had lower physical health scores,
worse emotional functioning, and school functioning than
those without strabismus, while no difference was found in
these parameters between child with our without ambly-
opia [37]. However, the present study revealed the no sig-
nificant difference in physical health scores and emotional
functioning between adolescents with or without nonstra-
bismic amblyopia (P > 0:05).

Moderate physical activity has positive association with
high HRQoL (measured by the total PedsQL score) in
children [38, 39]. According to meta-analyses by Wafa
et al., children with higher physical activity levels had a
better HRQoL [40]. The positive association of physical

activity and HRQoL was consistent regardless of age,
gender, weight, and socioeconomic characteristics [41]. In
our study, adolescents with nonstrabismic amblyopia have
longer weekly sedentary time and less weekly total steps
than control peers (P < 0:001). Considering that adoles-
cents with nonstrabismic amblyopia also had lower school
functioning in HRQoL (P = 0:0211), the positive associa-
tion of physical activity and HRQoL in nonstrabismic
amblyopia was identified.

Moreover, HRQoL perceptions between children or
adolescents and their parents are likely to be different with
increasing age because the child may have a more compli-
cated and distinct understanding of the world instead of
simply accepting opinions from parents. Thus, Tsiros
et al. made suggestions to attach importance to the par-
ent’s perceived HRQoL [42]. Williams et al. found that,
compared with children below 12 years old, there is less
agreement between child-reported and parent’s perceived
HRQoL for children at the age of 12 years [43]. In our
research, the comparison results of the perceived HRQoL
for their children in the two groups were no different from
the teenager-reported HRQoL (P > 0:05), which is similar
to a previous study [39]. Our study revealed that both
teenager-reported HRQoL and parent’s perceived HRQoL
revealed the worse school functioning in nonstrabismic
amblyopia (P = 0:0017), while there are no differences in
physical health, emotional functioning, and social func-
tioning (P > 0:05).

There are also some limitations in our study. First, par-
ticipants were recruited from a small geographical area. Fur-
ther studies are needed to determine whether the identified
HRQoL is present nationwide. Moreover, many of the effects
of amblyopia and/or its treatment on HRQoL are experi-
enced by the children; however, parents’ opinions and per-
spectives on treatment may directly or indirectly influence
children’s beliefs.

5. Conclusion

After controlling for gender, age, and education of parents,
there is a significant difference in physical activities and
social functioning between adolescents with or without non-
strabismic amblyopia, which highlights the needs for teen-
agers with nonstrabismic amblyopia to increase physical
activities for improving physical health. Teachers and
parents should pay more attention to teenagers with non-
strabismic amblyopia to enhance their school functioning.

Table 4: Physical activity outcome of the participants.

Healthy control Nonstrabismic amblyopia P value

Daily MVPA 0.0979

Meet n = 17 (38.3%) n = 10 (38.3%)

Not meet n = 23 (61.7%) n = 30 (61.7%)

Weekly sedentary time 6322:44 ± 424:03 6885:43 ± 522:14 <0.001
Weekly total steps 54,178:23 ± 9627:18 52094:66 ± 9232:84 <0.001
Data are expressed as N (%) or mean ± SD. Unpaired t test or chi-square test was conducted.

Table 5: HRQoL of the participants.

Healthy
control

Nonstrabismic
amblyopia

P
value

Physical health 73:16 ± 13:64 72:89 ± 14:27 0.3066

Emotional
functioning

72:21 ± 13:89 71:69 ± 13:21 0.0724

Social functioning 74:37 ± 12:12 72:33 ± 10:89 0.6123

School functioning 76:88 ± 14:03 73:14 ± 12:73 0.0211

Data are expressed as mean ± SD. Unpaired t test was conducted.

Table 6: HRQoL of the parent proxy-reports.

Healthy
control

Nonstrabismic
amblyopia

P
value

Physical health 82:52 ± 15:31 79:46 ± 10:95 0.9788

Emotional
functioning

75:47 ± 12:48 73:85 ± 12:76 0.0901

Social functioning 76:58 ± 14:75 75:73 ± 12:64 0.1514

School functioning 84:12 ± 13:96 78:44 ± 12:93 0.0017

Data are expressed as mean ± SD. Unpaired t test was conducted.
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miRNA and m6A methylation are two key regulators in cancers. However, in acute myeloid leukemia (AML), the relationship of
miRNA and m6A methylation remains unclear. The present work is aimed at determining the effect of m6A methylation induced
by miRNAs on AML and its underlying mechanism. The expression of METTL14 was detected by qRT-PCR and western blot.
The growth of HL-60 cells was analyzed by CCK-8, Transwell assay, and flow cytometry. Tumor-bearing mice were
established, and Ki-67 staining assay was used to detect the proliferation in vivo. Dual luciferase reporter system detected the
effect of miR-1306-5p on METTL14 luciferase activity. Dot blot analysis detected m6A methylation. We found that METTL14
was upregulated in AML patients and overexpressed METTL14 promoted AML development. Further analysis indicated that
METTL14 was directly targeted by miR-1306-5p and overexpressed miR-1306-5p alleviated AML progression. In addition,
m6A methylation level regulated by METTL14 could be affected by miR-1306-5p. In conclusion, we found that suppressed
miR-1306-5p enhanced AML progression by elevating m6A methylation level via upregulating METTL14. These findings
provided basis for the development of new strategies for treating AML.

1. Introduction

Acute myeloid leukemia (AML) is the most common malig-
nant tumor of the hematopoietic system [1]. It is characterized
by the malignant clonal proliferation of highly heterogeneous
hematopoietic stem cells and precursor cells. It accounts for
about 70% of adult acute leukemia [2]. Although with the con-
tinuous improvement of clinical and laboratory diagnosis and
treatment methods, the prognosis of AML has been signifi-
cantly improved, but there are still about 70% of patients
who cannot survive more than 5 years after diagnosis [3, 4].
Therefore, searching for biomarkers associated to the occur-
rence, recurrence, and prognosis of AML is of great signifi-
cance to the treatment for AML patients.

The AML pathogenesis is a multistep process, with disor-
ders in genes and cell growth, resulting in progenitor cells and
hematopoietic stem transforming into malignant ones [5]. As
the most commonly used modification method in eukaryotic

mRNA, N6-methyladenosine (m6A) methylation regulates
the protein expressions after transcription with the same base
sequence. The biological potentials of m6A modification is
regulated by a methyltransferase complex, which consists of
RNA methyltransferases (“writers”), demethylases (“erasers”),
and m6A-binding proteins (“readers”) [6]. m6A methylation
is implemented by RBM15, ZC3H13, METTL3, METTL14,
and WTAP, along with KIAA1429, while demethylation is
carried out by demethylases FTO and ALKBH5. In addition,
a specific group of RNA-binding proteins, including
YTHDF1/2/3, YTHDC1/2, HNRNPA2B1, and LRPPRC,
together with FMR1, can recognize m6A patterns and thus
influence m6A function. There are already studies proving
that m6A methylation has a huge effect on AML [7]. Feng
et al. indicated that YBX1 was essential for the survival of
AML cells by regulating BCL2 stability [8]. Pan et al. demon-
strated that METTL3 mediated the adipogenesis to promote
chemoresistance in AML [9]. In addition, the relationship
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between METTL14 and AML is also reported in recent years.
Li et al. pointed that METTL14 could promote the progression
of AML via combining with long noncoding RNAUCA1 [10].
However, there is few studies focusing on the regulatory
mechanism of this effect.

MicroRNA (miRNA) is a new short noncoding RNAmol-
ecule. Mainly through the complementary binding of miRNA
and its target mRNA to hinder the translation of mRNA or
cause the degradation of mRNA. Therefore, miRNAs are con-
sidered to be natural regulators of gene expression [11]. Sev-
eral miRNAs are also found to play crucial roles in AML by
regulating various kinds of biological processes, such as
miRNA-485-5p, miR-126, and miR-204 [12–14]. In addition,
as reported previously, miR-1306-5p is involved in the pro-
gression of many diseases, such as amelogenesis imperfecta,
cerebral ischemia/reperfusion injury, and sepsis [15–17].
However, the role of miR-1306-5p in AML is obscure. Intrigu-
ingly, there are also studies proving that miRNA regulates
m6A. Vittori et al. have stated that miR-3189-3p could nega-
tively affect m6A-mediated cap-independent translation [18].
It is also found that METTL3-mediated m6A modification
facilitated to upregulate miR-221-3p [19]. Nevertheless, the
association of miR-1306-5p and m6A modification remains
unclear.

In this research, we aimed to determine the effect of
METTL14 on AML and its interactions with miR-1306-5p.
We determined that METTL14 serves as the target of miR-
1306-5p, suggesting that METTL14 regulated AML by
miR-1306-5p.

2. Materials and Methods

2.1. Samples Information. Ten patients diagnosed with AML
and 10 healthy volunteers treated from 2019 to 2021 by the
First Affiliated Hospital of Bengbu Medical College (Depart-
ment of Hematology) were selected as study subjects. The
samples of peripheral venous blood were taken in postab-
sorptive state in the morning. The research protocol was
signed approval by the Ethics Committee of The First Affil-
iated Hospital of Bengbu Medical College, and all partici-
pants were informed with consents. All subjects were
informed with consent and agreed to this study.

2.2. Cell Culture and Transfection. The HL-60 cell line is a
promyelocytic cell line derived from human leukemia. The
cells are premyelocytes but can be induced in vitro to differ-
entiate into different lineages of mature myeloid cells with
different reagents [20]. It was selected as a study subject
and purchased from Hasenbio (Wuxi, China). The cells were
cultured in Dulbecco’s modified Eagle’s medium (Invitro-
gen) with fetal bovine serum (10%), penicillin (100 units/
ml), and streptomycin (100μg/ml) at preseted atmosphere
(37°C, 5% CO2). Over-METTL14 plasmid, siRNA of
METTL14, miR-1306-5p mimics, and miR-1306-5p inhibi-
tors (2μg/ml) were designed and synthesized by Gene-
Pharma (Shanghai, China) and were transfected into HL-
60 cells by using Lipofectamine 2000 according to the
instructions (Invitrogen, 11668-027) when at 60-70% con-
fluency. Cells were used for assays afterwards 48 h after

transfection. METTL14 siRNA, sense, 5′-GGAUGAGUUAA
UAGCUAAAUC-3′; antisense, 5′-UUUAGCUAUUAACU
CAUCCUU-; miR-1306-5p mimics sense: 5′-CCACCUCCC
CUGCAAACGUCCA-3′; miR-1306-5p mimics antisense: 5′
-UGGACGUUUGCAGGGGAGGUGG-3′; miR-1306-5p
inhibitor: 5′-UGGACGUUUGCAGGGGAGGUGG-3′.

2.3. Quantitative Real-Time PCR (qRT-PCR) Assay. qRT-
PCR was used to detect the RNA expression of METTL14
and miR-1306-5p. All the RNA was collected from blood,
cell, or tissue samples using the miRNeasy extraction kit
(QIAGEN). For quantitative analysis, the cDNA was
reversed by miRNA Reverse Transcription Kit (MR101-01/
02, Vazyme) and detected by all-in-one miRNA RT-qPCR
Detection Kit (Q711-02, Vazyme) with U6 as the internal
control. As for METTL14 mRNA detection, TRIzol
(BS259A, Biosharp) was used for RNA isolation and Prime-
Script RT Reagent kit (R223-01, Vazyme) was used to
reverse RNA into cDNA. SYBR Green Real-Time PCR Mas-
ter Mix (Q711-02, Vazyme) was used for RT-PCR assay with
β-actin as the control. The primers for miR-1306-5p, U6,
METTL14, and β-actin were listed as below: METTL14,
sense, 5′- GAGTGTGTTTACGAAAATGGGGT-3′; anti-
sense, 5′- CCGTCTGTGCTACGCTTCA-3′; β-actin: sense,
5′-AGCGAGCATCCCCCAAAGTT-3′, antisense: 5′-
GGGCACGAAGGCTCATCATT-3′; U6: sense, 5′-CTCG
CTTCGGCAGCACA-3′, antisense: 5′-AACGCTTCACG
AATTTGCGT-3′; miR-1306-5p reverse primer: 5′-CTCA
ACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTGG
ACGTT-3′; miR-1306-5p sense: 5′-AATACCACCTCCCC
TGCA-3′. 2−ΔΔCt method was used for analysis of relative
expression.

2.4. Western Blot. The western blot was used to detect pro-
tein expression of METTL14. In western blot analysis,
RIPA lysis buffer (BL504A, Biosharp) was for protein
extractions from cells and tissues. BCA assay (BL521A,
Biosharp) was used for detection of protein concentra-
tions. 30μg protein loaded on SDS-PAGE was transferred
to PVDF. Skim milk (5%) was used for blocking. Primary
antibodies were added to the membranes for an overnight
incubation at 4°C. Secondary antibodies (1/10000, BL003A,
Biosharp) were added for 1 h incubation at 37°C. The ECL
kit (WBKLS0100, Millipore) was used for detection of
immunoreactive bands. The primary antibodies: METTL14
(1/1000, ab252562, Abcam, Cambridge, UK) and β-actin
(1/1000, ab8227, Abcam, Cambridge, UK). ImageJ was
used to quantify gray scale value of protein bands.

2.5. CCK-8 Assay. The CCK-8 assay was used to detect the
proliferation of HL-60 cells affected by METTL14 and miR-
1306-5p. Cell Counting Kit-8 (Dojindo, USA) was used in
accordance with the instructions. HL-60 cells (2 × 103 cells/
well) were seeded in 96-well plates. RPMI1640 Medium (con-
taining 10% FBS) was used for incubation. 10μl CCK-8 was
added into each well 48h after transfection followed and incu-
bated for 3h at 37°C. The absorbance was measured using a
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Microplate Reader (Molecular Devices SpectraMax i3) at
450nm.

2.6. Flow Cytometry. Flow cytometry was used to detect the
apoptosis of HL-60 cells affected by METTL14 and miR-
1306-5p. FACSVerse flow cytometry (BD Biosciences) was
used for examination. Briefly, Annexin V-fluorescein iso-
thiocyanate (FITC) Apoptosis Detection kit (HS-SJ069,
Hasenbio) was used to detect the apoptosis at 48 h after
transfection. Transfected HL-60 cells resuspended in bind-
ing buffer (500μl) were stained with PI (5μl, 50μg/ml)
and Annexin V-FITC (10μl). The stain process was in the
dark and lasted for 15min at room temperature. FACSVerse
flow cytometry (BD Biosciences) was used for examination.

2.7. Cell Migration and Invasion Assays. Transwell assays
was used to detect the migration and invasion of HL-60
cells affected by METTL14 and miR-1306-5p. The images
of Transwell assays were captured using a microscope. In
migration assay, the upper chamber of Transwell (Corn-
ing) was loaded with 2 × 105 HL-60 cells in serum-free
medium. The medium with 20% FBS were added to the
lower well. The 4% formaldehyde was used for fixing,
and crystal violet was added for 10min staining. The incu-
bation lasted for 24 h. In invasion assay, 40μg Matrigel
was used to coat the Boyden chambers (8μm inserts) in
24-well plate, and all the procedures after were the same
as migration assay.

2.8. Dual-Luciferase Reporter Assay. Dual-Luciferase
Reporter Assay was used to detect the regulatory of miR-
1306-5p to METTL14. The target miRNA of METTL14
was based on the online software TargetScan (http://www
.targetscan.org/vert_72/). It suggested a binding site
between METTL14 and miR-1306-5p. The sequence of 3′
UTR of METTL14 containing wild-type and mutant bind-
ing sites were subcloned into pmirGLO vector. Lipofecta-
mine 3000 was used to transfect the vectors into HL-60
cells, including miR-1306-5p mimics and miR-NC. Rela-
tive luciferase activities were analyzed using Dual-
Luciferase Reporter detection System (Promega) at 48 h
after transfection.

2.9. Dot Blot Analysis. Dot blot analysis was used to detect
the m6A methylation levels affected by METTL14 and
miR-1306-5p. Nitrocellulose membranes were collected
from denatured and spotted RNA samples under vacuum.
After UV cross-linking, the 5% nonfat dry milk was used
for 1 h blocking in 0.1% PBST (HS-SJ021, Hasenbio). Rabbit
anti-m6A antibody (1 : 500, ab284130, Abcam, Cambridge,
UK) was added to the membranes at 4°C overnight. After
being washed, the blot was mixed with goat anti-rabbit IgG
(H+L) (1 : 500, ab7090, Abcam, Cambridge, UK for 1 h incu-
bation at 25°C. The imaging system (Roche LightCycler®
480II) was used for scanning.

2.10. Tumor Xenograft in Nude Mice. Tumor xenograft in
nude mice was established for in vivo assays. Nude BALB/c
Mice (4–6 weeks) was purchased from Comparative Medi-
cine Center of Yangzhou University. The animal laboratory

(pathogen-free) was presented for transfer stay. The mice
were divided into 4 group (N = 5) at random. HL-60 cells
were injected into the mice (neck and back) at 0.1ml suspen-
sion (1 × 106): Tumor volume ðmm3Þ = length × width2/2
[21]. After 2 weeks, the mice were sacrificed by an overdose
of pentobarbital sodium (100mg/kg). The whole experimen-
tal process complied with the Guide for the Care and Use of
Laboratory Animals published by the US National Institutes
of Health. All procedures about animal treatment have
approval by the Ethics Committee of Laboratory Animal
Use of The First Affiliated Hospital of Bengbu Medical
College.

2.11. Ki-67 Staining Assay. Ki-67 staining assay was used to
detect the proliferation affected by miR-1306-5p in vivo. It
was performed on tumor tissue as a measurement of in
situ proliferation. The 4% paraformaldehyde was used for
fixing. The 0.1% sodium citrate and 0.1% Triton X were
used for permeabilization. The tissues were then sliced
into 4μm sections. The 3% bovine serum albumin/5% goat
serum was used for preincubation in PBS for 1 h. Primary
antibodies anti-Ki67 (1 : 100, ab15580, Abcam, Cambridge,
UK) were added for 1 h. Peroxidase-labelled polymer-
conjugated secondary antibodies (1 : 1000, ab214880,
Abcam, Cambridge, UK) were added for a 45min incuba-
tion. DAKO Liquid DAB Substrate-Chromogen System
was used for 5min incubation with 3, 3′-diaminobenzi-
dine DAB (DAKO, France). Hematoxylin was used for
counterstaining. Then, the sections were dehydrated and
coverslipped. The slices were incubated for 1min by add-
ing 150μl hematoxylin at a dark room. And then, the
slices were washed back to blue and dehydrated and sealed
with neutral resin. Images were taken using immunofluo-
rescence microscope (Leica, IX71).

2.12. Statistical Analysis. All experiments in this study
should be performed three times. GraphPad Prism 5.0 was
used for analysis with data expressed as mean ± standard
deviation ðSDÞ. The statistical significance between two or
more groups were analyzed using student’s t-test or one-
way analysis of variance (ANOVA) followed by Tukey’s test.
P < 0:05 was considered statistically significant.

3. Results

3.1. METTL14 Was Upregulated in Patients with AML. It
was suggested that METTL14 expression was remarkably
upregulated in AML patients compared with the NC group
(Figures 1(a) and 1(b)), indicating that METTL14 may be
involved in AML progression.

3.2. Overexpression METTL14 Promoted AML Development.
In order to confirm the effect of METTL14 on AML, the loss
and gain function assays of METTL14 on AML were per-
formed in vitro and in vivo. In vitro, we found that overex-
pressed METTL14 could promote HL-60 cell proliferation,
invasion, and migration and inhibit the apoptosis compared
with NC group. Meanwhile, suppressed METTL14 showed
opposite results in HL-60 cells (Figures 2(a)–2(d)). In vivo
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analysis indicated that the tumor volume and weight were
significantly increased with overexpressed METTL14 and
greatly decreased with suppressed METTL14, compared
with NC group after 28 days of tumor-bearing
(Figures 2(e) and 2(f)). Ki-67 staining analysis showed over-
expressed METTL14 significantly promoted proliferation
while suppressed METTL14 showed the opposite effect
(Figure 2(g)). These results demonstrated that the overex-
pression of METTL14 promoted AML development.

3.3. miR-1306-5p Directly Targeted METTL14. Increasing
numbers of genes have been proved to participate in various
miRNA-regulated processes. In the present study, TargetS-
can (https://www.targetscan.org/vert_80/) was used to pre-
dict the miRNAs which could bind with METTL14. The
result showed that there was a binding site of miR-1306-5p
and 3′ UTR of METTL14 (Figure 3(a)). Dual luciferase
report system assay indicated that the relative luciferase
activity was significantly decreased in the METTL14 WT
group with miR-1306-5p overexpression compared with
the NC group. However, the luciferase activity was not chan-
ged in the METTL14 Mut group after miR-1306-5p overex-
pression compared with the NC group. (Figure 3(b)). The
results showed that compared with the NC group, the
expression of miR-1306-5p was reduced in AML patients
(Figure 3(c)). The expression of METTL3 was decreased by
miR-1306-5p mimics and increased by miR-1306-5p inhibi-
tors (Figures 3(d) and 3(e)). These results were also con-
firmed by qRT-PCR in vivo (Figure 3(f)). These results
suggested that METTL14 was directly targeted by miR-
1306-5p.

3.4. Overexpression miR-1306-5p Alleviated AML
Development. The function of miR-1306-5p in AML devel-
opment was also detected in vitro and in vivo. The results
showed that miR-1306-5p mimics could inhibit HL-60 cell
proliferation, invasion, and migration while promoting the
apoptosis of HL-60 compared with the NC group in vitro.
Meanwhile, miR-1306-5p inhibitors showed the opposite
results (Figures 4(a)–4(d)). Further analysis in vivo indicated

that the tumor volume and weight were significantly
decreased with miR-1306-5p mimics and increased with
miR-1306-5p inhibitors when compared with the NC
group at 28 days after tumor-bearing (Figures 4(e) and
4(f)). Ki-67 staining analysis showed miR-1306-5p increase
significantly suppressed proliferation while miR-1306-5p
inhibition showed the opposite effect (Figure 4(g)). These
results demonstrated that miR-1306-5p alleviated AML
development.

3.5. m6A Methylation Level Was Affected by miR-1306-5p. In
order to know whether the effect of miR-1306-5p on AML
development was related to m6A methylation changes,
detection of m6A methylation levels was performed with
METTL14 and miR-1306-5p separately controlled as single
variable. As shown in Figure 5(a), the m6A methylation level
was significantly elevated with overexpressed METTL14 and
decreased with suppressed METTL14 both in vitro and
in vivo. While with miR-1306-5p as single variable, further
analysis showed the opposite changes in m6A methylation
level (Figure 5(b)). In addition, rescue experiment revealed
that the elevated (decreased) m6A methylation level caused
by overexpressed (suppressed) METTL14 could be partially
reversed by miR-1306-5p mimics (inhibitors) (Figure 5(c)).
These results demonstrated that the METTL14-regulated
m6A methylation level could be affected by miR-1306-5p.

4. Discussion

AML is an aberrant clonal malignancy of immature myeloid
hematopoietic cells in the bone marrow [22, 23]. The etiology
and pathogenesis of AML have not been fully elucidated, leav-
ing much to be explored in clinical treatment, drug selection
and prognostic judgment. In the present study, we demon-
strated that suppression of miR-1306-5p promoted AML by
regulating METTL14-guided m6A methylation.

N6-Methyladenosine (m6A) methylation modification is
the most commonly used modification method in eukaryotic
mRNA. It regulates mRNA, lncRNA, and miRNA under the
reversible coregulation of related enzymes [24, 25] and
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Figure 1: METTL14 was upregulated in patients with AML. (a) qRT-PCR was used to detect the expression of METTL14 in the patients of
AML. (b) Western blot analysis was used to detect the expression of METTL14 in the patients of AML at protein level with β-actin as the
control. Data are presented as mean ± SD. ∗∗∗P < 0:005, ∗∗∗∗P < 0:001.
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Figure 2: Continued.
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accounts for the metabolic process of abundant mRNAs,
including methyltransferase-like protein 3 (METTL3),
methyltransferase-like protein 14 (METTL14), and wilms
tumor 1-associated protein (WTAP) [26]. Increasing num-
bers of evidence also demonstrated that m6A methylation
has important value in the development and prognosis of
AML [27]. Weng et al. revealed that METTL14 promotes
leukemogenesis and inhibited hematopoietic stem/progeni-
tor differentiation through mRNA m6A modification [28].
There was also reports stating that METTL14 gene polymor-
phisms influence the risk of leukemia in southern Chinese
children and might be potential biomarkers for pediatric
leukemia chemotherapeutics [29]. However, there are few
reports specially analyzing the specific regulatory effect of
METTL14 on m6A methylation. In vivo assay was also
neglected in the previous works. Consistent with previous
report, we found that METTL14 was upregulated in patients
with AML and overexpressed METTL14 could promote HL-
60 cell proliferation, invasion and migration and inhibit the
apoptosis in vitro. At the same time, overexpressed
METTL14 promoted cell growth in vivo. We found that
m6A methylation level was increased with overexpressed
METTL14 and decreased with suppressed METTL14 both

in vitro and in vivo. These results indicated that overex-
pressed METTL14 promote AML development by elevating
m6A methylation level.

miRNA is a series of small noncoding RNAs that
regulate gene expression at the posttranscriptional or trans-
lational level [30, 31]. It plays an important role in various
biological processes such as cell differentiation, proliferation,
and apoptosis. More and more evidence show that miRNAs
serve as key regulators of AML [11, 31]. miR-1306-5p was
found to decrease cerebral ischemia/reperfusion injury
in vitro by targeting BIK [16]. It was also confirmed to reg-
ulate ameloblast differentiation by regulating genes related
to amelogenesis imperfecta [15] and inhibit the malignant
behavior of osteosarcoma cells [32]. However, the specific
biological roles of miR-1306-5p and its indirect interactions
and regulation of m6A in AML remain poorly understood.
As is well known, miRNA is capable of regulating physiolog-
ical and pathological processes via binding to the 3′ UTR of
target mRNA translation to inhibit mRNA expression.
Accordantly, a previous report demonstrated that miR-
1306-5p exerted functions in the development of melanoma
via targeting PCGF2 [33]. Similarly, in our work, we found
that METTL14 was directly targeted by miR-1306-5p from
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Figure 2: Overexpression METTL14 promote AML development. (a) CCK-8 was used to detect the proliferation of HL-60 cells affected by
METTL14. (b) Flow cytometry was used to detect the apoptosis of HL-60 cells affected by METTL14. (c, d) Transwell assay was used to
detect the migration and invasion of HL-60 cells affected by METTL14, bar = 100μm. (e, f) Tumor volume and weight was detected in
the tumor-bearing mice at 0, 7, 14, 21, and 28 days after tumor-bearing with HL-60 cells. (g) Proliferation was detected in vivo by Ki-67
staining assay affected by METTL14, bar = 25 μm. Data are presented as mean ± SD. ∗P < 0:05, ∗∗∗P < 0:005, and ∗∗∗∗P < 0:001.
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Figure 3: METTL14 is a direct target of miR-1306-5p. (a) The binding site of miR-1306-5p to METTL14 was predicted by TargetScan. (b)
Dual luciferase report system assay was used to detect the regulatory of miR-1306-5p to METTL14. (c) The expression of miR-1306-5p in
the AML patients was detected by qRT-PCR, U6 acts as an internal control. (d, e) qRT-PCR and western blot analysis were used to detect the
expression of METTL3 affected by miR-1306-5p in vitro. (f) qRT-PCR analysis was used to detect the expression of METTL3 affected by
miR-1306-5p in vivo with β-actin as the control. Data are presented as mean ± SD. ∗∗∗P < 0:005, ∗∗∗∗P < 0:001.
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Figure 4: Continued.
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bioinformatics prediction and luciferase reporter assays.
Further analysis indicated that miR-1306-5p was lowly
expressed in AML patients, and overexpression miR-1306-
5p alleviated AML development via inhibiting HL-60 cell
proliferation, invasion, and migration and promoting the
apoptosis in vitro. At the same time, overexpressed miR-
1306-5p suppressed cell growth in vivo. Consistent with

our finding, miR-1306-5p also plays a protective role against
Alzheimer’s disease [34]. In addition, a former literature dis-
played that a certain miRNA regulated METTL14 to hinder
osteoblastic bone formation via m6A methylation [35]. In line
with the above literature, it was also found that the elevated
(decreased) m6A methylation level caused by overexpressed
(suppressed) METTL14 could be partially reversed by miR-
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Figure 4: Overexpression miR-1306-5p alleviated AML development. (a) CCK-8 was used to detect the proliferation of HL-60 cells affected
by miR-1306-5p. (b) Flow cytometry was used to detect the apoptosis of HL-60 cells affected by miR-1306-5p. (c, d) Transwell assay was
used to detect the migration and invasion of HL-60 cells affected by miR-1306-5p, bar = 100 μm. (e, f) Tumor volume and weight was
detected in the tumor-bearing mice at 0, 7, 14, 21, and 28 days after tumor-bearing with HL-60 cells, respectively. (f) Proliferation
affected by miR-1306-5p in vivo was detected by Ki-67 staining assay, bar = 25μm. Data are presented as mean ± SD. ∗P < 0:05, ∗∗∗P <
0:005, and ∗∗∗∗P < 0:001.
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1306-5p mimics (inhibitors). These results demonstrated that
m6A methylation level regulated by METTL14 could be
affected by miR-1306-5p. Taken together, we demonstrated
that downregulation of miR-1306-5p promoted AML devel-
opment via elevating METTL14-mediated m6A methylation
level.

Nevertheless, more investigation on clinical level and
more intensive molecular mechanisms are also needed to
strengthen these findings. How METTL14 affect m6A molec-
ularly in AML cell lines and whether there are more miRNAs
or lncRNAs involved in the regulatory process remain
unknown. Meanwhile, the number of samples drawn from
patients needs to be enlarged to confirm these findings.

In summary, we found that METTL14 was upregulated
in AML patients and overexpressed METTL14 promoted
AML development. Further analysis indicated that downreg-
ulation of miR-1306-5p promoted AML development by ele-
vating m6A methylation level via upregulating METTL14.
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Objective. This study is aimed at exploring the efficacy of transarterial chemotherapy embolization (TACE)+radiofrequency
ablation+sorafenib in the treatment of patients with recurrent liver cancer and at constructing its prediction model.
Methods. A total of 60 patients with recurrent liver cancer treated in our hospital from March 2020 to March 2022 were
enrolled and divided into two groups according to treatment methods, with 30 patients in each group. Group A adopted
TACE+radiofrequency ablation+sorafenib therapy while group B adopted TACE+radiofrequency ablation therapy. Clinical
efficacy, complications, and adverse reactions of the two groups were observed. A total of 30 patients with nonrecurrent
liver cancer in the same period were enrolled. 60 patients with recurrent liver cancer and 30 patients with nonrecurrent
liver cancer were taken as the recurrence group and the nonrecurrence group, respectively. The baseline data and clinical
data of the patients were queried by the Hospital Information System. The data included age, gender, Child-Pugh grade,
HBV/HCV infection, portal vein tumor thrombus, degree of differentiation, vascular invasion, serum alpha fetal protein
(AFP) level, number of tumors, maximum diameter of tumors, and number of nodules. The logistic regression analysis
was used to analyze the independent risk factors for liver cancer recurrence. The Hosmer-Lemeshow test was used to
analyze the degree of fitting between the prediction model and the standard curve. The ROC curve was used to analyze
the predictive value of the model for liver cancer recurrence. Results. The objective effective rate and disease control rate
in group A (33.33% and 70.00%) were higher than those in group B (10.00% and 43.33%), and the differences were
statistically significant (both P < 0:05). There were no significant differences in the incidence of complications such as embolism
syndrome, hand and foot skin reaction, gastrointestinal reaction, hypertension, diaphragmatic injury and bleeding, and biliary
leakage and fever between the two groups (all P > 0:05). The proportions of patients in the recurrence group with portal vein
tumor thrombus (PVTT), medium and high degree of differentiation, combined with vascular invasion, serum AFP level ≥ 400
ng/dL, multiple tumors, maximum tumor diameter ≥ 5 cm, combined with cirrhosis, and polynodules were all higher than those
in the nonrecurrence group; the differences were statistically significant (all P < 0:05). Complication of PVTT, the degree of
medium and high differentiation, and the maximum tumor diameter ≥ 5 cm were independent risk factors for recurrence of
liver cancer (all P < 0:05). The prediction model of liver cancer recurrence was obtained by multiple regression analysis, P = 1/½1 +
e−ð−5:441+6:154∗PVTT+3:475∗differentiateddegree+3:001∗maximumdiameteroftumorÞ�. The Hosmer-Lemeshow test showed that χ2 = 1:558 (P = 0:992).
According to the ROC curve analysis, the AUC, SE, and 95% CI value of the prediction model for liver cancer recurrence were
0.977, 0.012, and 0.953-1.000, respectively. Conclusion. TACE+radiofrequency ablation+sorafenib is effective in the treatment of
recurrent liver cancer, and the prediction model established based on the risk factor has high predictive value for patients with
recurrent liver cancer.
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1. Introduction

Primary liver cancer (PLC) is a common malignant tumor
disease in clinical practice. Its mortality and morbidity of
liver cancer rank the second and third, respectively, among
all malignant tumor diseases, and its morbidity is relatively
high in Asia [1, 2]. PLC includes intrahepatic bile duct car-
cinoma, hepatocellular carcinoma (HCC), and bile duct car-
cinoma. At present, radical therapies for PLC mainly include
complete tumor resection and liver transplantation. Due to
the serious shortage of liver transplantation donors, hepatec-
tomy is still the first-line treatment for most PLC patients
with good liver function reserve. However, the recurrence
rate of PLC is still as high as 50%-70% within 5 years after
surgery. Recurrence and metastasis after surgical resection
can seriously affect the long-term survival and quality of life
of PLC patients. Although a variety of adjuvant therapies are
also used clinically to reduce postoperative recurrence, the
effect is not satisfactory and needs to be further explored
[3, 4]. At present, the main clinical treatment methods for
patients with recurrent liver cancer include resectomy, trans-
arterial chemotherapy embolization (TACE), targeted ther-
apy, local ablation, radiofrequency ablation, and salvage
liver transplantation. Hepatectomy is the gold standard for
the treatment of recurrent liver cancer. However, hepatec-
tomy is faced with problems such as acute liver failure and
insufficient liver function reserve due to the small size of
the liver after resection, and only 6%~31% of patients can
be resected again. Radiofrequency ablation and repeated
resection have similar survival rates. TACE and radiofre-
quency ablation are both effective methods for the treatment
of recurrent liver cancer. Sorafenib is an oral multikinase
inhibitor that prolongates survival of patients with advanced
liver cancer. Sorafenib is a targeted therapy. The purpose of
this study was to explore the effect of TACE+radiofrequency
ablation+sorafenib in the treatment of patients with recur-
rent liver cancer and to provide reference for the prevention
and treatment of recurrent liver cancer by constructing a
prediction model for liver cancer recurrence. The report is
as follows.

2. Data and Methods

2.1. General Data. A total of 60 patients with recurrent liver
cancer treated in our hospital from March 2020 to March
2022 were enrolled and divided into group A and group B
according to treatment methods, with 30 patients in each
group. In group A, there were 19 males and 11 females.
The age ranged from 39 to 64 years, with the average age
of 54:30 ± 6:28 years. Complications included hypertension
in 8 cases, diabetes in 3 cases, and others in 19 cases. In
group B, there were 17 males and 13 females. The age range
was 39-77 years, with an average of 55:43 ± 10:79 years.
Complications included hypertension in 12 cases, diabetes
in 5 cases, and others in 13 cases. During the same period,
a total of 30 patients with nonrecurrent liver cancer were
enrolled as the nonrecurrence group. There were 18 males
and 12 females. The age range was 38-72 years, with an aver-
age of 55:36 ± 7:52 years. Complications included hyperten-

sion in 10 cases, diabetes in 4 cases, and others in 16 cases.
The general data of the three groups were comparable (all
P > 0:05). This study was approved by the Hospital Ethics
Committee.

2.2. Inclusion Criteria. The inclusion criteria of this study are
as follows: (1) age > 18, (2) all patients were diagnosed with
recurrent liver cancer by clinicopathological diagnosis, (3)
the maximum diameter of the tumor was 1-7 cm, (4) the life
expectancy > 3 months, and (5) all patients participated in
this study voluntarily.

2.3. Exclusion Criteria. The exclusion criteria of this study
are as follows: (1) patients with other malignant tumor dis-
eases, (2) patients with Child-Pugh grade C for liver func-
tion, (3) patients with severe organ dysfunction such as
heart, lung, and kidney, (4) patients who cannot tolerate
TACE and radiofrequency ablation or were allergic to soraf-
enib, and (5) patients with severe coagulation dysfunction
that were uncorrectable.

2.4. Methods. Group A was treated with TACE+radiofre-
quency ablation+sorafenib, and group B was treated with
TACE+radiofrequency ablation.

2.4.1. TACE. The femoral artery was punctured with Seldin-
ger technique routinely, and the 5F catheter was placed. The
catheter was placed at the opening of the celiac trunk artery
for angiography to determine the tumor target vessel. Super-
selective intubation was performed into the tumor supplying
artery. The tumor target vessel was embolized with fluoro-
uracil 1000mg, cisplatin 50mg, pirarubicin 50 nmg+super
liquefied lipiodol 5~10mL. After the operation, hepatopro-
tective hydration treatment was performed.

2.4.2. Radiofrequency Ablation. After the TACE treatment
for 2-4 weeks, radiofrequency ablation was performed. First,
CT scanning was performed to determine the puncture
point, and then, lidocaine was used for local anesthesia. Per-
cutaneous puncture of intrahepatic lesions was performed
under the guidance of the CT, and tumor ablation was per-
formed according to the protocol. After that, CT scanning
was performed to see whether the scope covered the target
tumor. If it was not completely covered, radiofrequency
ablation could be performed immediately. During radiofre-
quency ablation, all lesions should be ablated in one ablation
process, including single nodule and polynodule patients.

2.4.3. Sorafenib Treatment. Seven days after intervention,
sorafenib was given orally, 400mg/time, twice a day for 4
weeks.

2.5. Observation Indicators. (1) The clinical efficacy of group
A and group B was evaluated according to the efficacy eval-
uation criteria. (2) There is a comparison of complication
rate between group A and group B. (3) A total of 30 patients
with nonrecurrent liver cancer in the same period were
selected, and 60 patients with recurrent liver cancer and 30
patients without recurrent liver cancer were divided into
the recurrence group and the nonrecurrence group. The
baseline data and clinical data of patients were queried by
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hospital information system. Age, gender, Child-Pugh grade,
HBV/HCV infection, portal vein tumor thrombus, differen-
tiation degree, vascular invasion, serum AFP level, tumor
number, tumor maximum diameter, number of nodules,
and other data were included. Baseline data and clinical data
were compared between the recurrence group and the non-
recurrence group. (4) Logistic multivariate regression analy-
sis was used to analyze the independent risk factors of HCC
recurrence. The baseline and clinical data of the recurrence
group and the nonrecurrence group were statistically differ-
ent. (5) Logistic regression was used to analyze the risk fac-
tors of HCC recurrence and establish a regression model. (6)
The receiver operating characteristic (ROC) curve was used
to calculate the discrimination of the prediction model.

2.6. Efficacy Evaluation Criteria. The treatment effects of the
two groups were assessed according to the Response Evalua-
tion Criteria in Solid Tumors (RECIST) [5] proposed by the
American Cancer Institute. The treatment effects were
divided into complete remission (CR), partial remission
(PR), stable disease (SD), progressive disease (PD), objective
response rate ðORRÞ = CR + PR, and disease control rate ð
DCRÞ = CR + PR + SD.

2.7. Statistical Method. All the data in this study were
entered into Excel form without communication between
two persons and analyzed and processed with statistical soft-
ware SPSS 24.0. The measurement data were expressed in
mean ± SD (±s). When the measurement data conform to
the normal distribution and the variance was homogeneous,
a t-test was adopted. The counting data were described by N
and %. The disordered classification data were compared by
the χ2 test or Fisher’s exact probability method. The logistic
regression analysis was used to analyze the risk factors of
liver cancer recurrence. The Hosmer-Lemeshow test was
used to analyze the fitting degree between the prediction

model and the standard curve. The ROC curve was used to
analyze the predictive value of the model for recurrence of
liver cancer. All tests were two-sided, and the difference
was statistically significant when P < 0:05.

3. Results

3.1. Comparison of Clinical Efficacy between the Two Groups.
The ORR and DCR in group A (33.33% and 70.00%) were
higher than those in group B (10.00% and 43.33%). The dif-
ferences were statistically significant (both P < 0:05,
Table 1).

3.2. Comparison of Complications and Adverse Reactions
between the Two Groups. There were no significant differ-
ences in the incidence of complications such as embolism
syndrome, hand and foot skin reaction, gastrointestinal reac-
tion, hypertension, diaphragmatic injury and bleeding, and
biliary leakage and fever between the two groups (all P >
0:05) as shown in Table 2.

3.3. Univariate Analysis of Recurrence in Two Groups. The
proportion of patients in the recurrence group with PVTT,
medium and high degree of differentiation, combined with
vascular invasion, serum AFP level ≥ 400ng/dL, multiple
tumors, maximum diameter ≥ 5 cm, combined with cirrho-
sis, and polynodules was higher than that in the nonrecur-
rence group; the differences were statistically significant (all
P < 0:05), as shown in Table 3.

3.4. Logistic Multivariate Analysis of Recurrence in Two
Groups. Complication of PVTT, the degree of medium and
high differentiation and the maximum tumor diameter ≥ 5
cm were independent risk factors for recurrence of liver can-
cer (all P < 0:05), as shown in Table 4.

Table 1: Comparison of clinical efficacy between the two groups [n (%)].

Group CR PR SD PD ORR DCR

Group A (n = 30) 1 (3.33) 9 (30.00) 11 (36.67) 9 (30.00) 10 (33.33) 21 (70.00)

Group B (n = 30) 0 (0.00) 3 (10.00) 10 (33.33) 17 (56.67) 3 (10.00) 13 (43.33)

χ2-value 4.812 4.344

P value 0.028 0.037

CR: complete remission; PR: partial remission; SD: stable disease; PD progressive disease; ORR: objective response rate; DCR: (disease control rate).

Table 2: Comparison of complications and adverse reactions between the two groups [n (%)].

Group
Embolism
syndrome

Hand-foot skin
reaction

Gastrointestinal
reaction

Hypertension
Diaphragm injury and

bleeding
Biliary leakage

and fever

Group A (n = 30) 28 (93.33) 23 (76.67) 27 (90.00) 9 (30.00) 12 (40.00) 10 (33.33)

Group B (n = 30) 27 (90.00) 21 (70.00) 23 (76.67) 12 (40.00) 10 (33.33) 7 (23.33)

χ2-value 0.341 1.920 0.659 0.287 0.739

P value 0.559 0.166 0.417 0.592 0.390

Fisher’s exact
probability value

1.000
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3.5. Establishment of Prediction Model and Analysis of Model
Calibration Degree. The predictive model of liver cancer
recurrence was obtained by multiple regression analysis,
P = 1/½1 + e−ð−5:441+6:154∗PVTT+3:475∗Degreeofdifferentiation+3:001∗MaximumdiameteroftumorÞ�.
The Hosmer-Lemeshow test showed that χ2 = 1:558 and
P = 0:992 (Figure 1).

3.6. Prediction Efficiency Analysis of Prediction Model.
According to ROC curve analysis, the AUC value, SE value,
and 95% CI of the prediction model for HCC recurrence
were 0.977, 0.012, and 0.953-1.000, respectively (Figure 2).

4. Discussions

Most recurrent liver cancer cannot tolerate secondary sur-
gery because of specific tumor location, multiple recurrent
foci, and complicated with severe cirrhosis. TACE is the pre-
ferred treatment for nonsurgical treatment of recurrent liver
cancer [6–8]. TACE technology combines embolization and
chemotherapy. Chemotherapy drugs can be injected through
the hepatic artery to increase drug concentration in tumor
tissue and reduce side effects of systemic chemotherapy.
The use of iodized oil to suspend chemotherapy drugs can

Table 3: Univariate analysis of recurrence in two groups [�x ± s, n (%)].

Item Recurrence group (n = 60) Nonrecurrence group (n = 30) χ2 value P value

Age (years)

<60 years 37 (61.67) 18 (60.00) 0.023 0.878

≥60 years 23 (38.33) 12 (40.00)

Gender

Male 36 (60.00) 20 (66.67) 0.378 0.539

Female 24 (40.00) 10 (33.33)

Child-Pugh grade

Grade A 44 (73.33) 17 (56.67) 2.544 0.111

Grade B 16 (26.67) 13 (43.33)

HBV/HCV infection

No 39 (65.00) 14 (46.67) 2.777 0.096

Yes 21 (35.00) 16 (53.33)

PVTT

Yes 52 (86.67) 2 (6.67) 53.33 <0.001
No 8 (13.33) 28 (93.33)

Degree of differentiation

High differentiation 17 (28.33) 4 (13.33) 8.921 0.012

Medium differentiation 28 (46.67) 9 (30.00)

Low differentiation 15 (25.55) 17 (56.67)

Vascular invasion

Yes 28 (46.67) 3 (10.00) 11.908 0.001

No 32 (53.33) 27 (90.00)

Serum AFP level (ng/dl)

<400 22 (36.67) 18 (60.00) 4.410 0.036

≥400 38 (63.33) 12 (40.00)

Number of tumors

Single 27 (54.00) 23 (76.67) 8.122 0.004

Multiple 33 (82.50) 7 (23.33)

Maximum diameter of tumor (cm)

<5 29 (48.33) 22 (73.33) 5.090 0.024

≥5 31 (51.67) 8 (26.67)

Cirrhosis

Yes 24 (40.00) 19 (63.33) 4.364 0.037

No 36 (60.00) 11 (36.67)

Number of nodules

Single nodule 25 (41.67) 20 (66.67) 5.000 0.025

Polynodule 35 (58.33) 10 (33.33)
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concentrate the drug in tumor tissue. Transcatheter therapy
for liver cancer allows direct delivery of embolic agents to
the liver tumor, preserving normal liver tissue, and promot-
ing the absorption of drugs into cancer cells [9–11]. Radio-
frequency ablation is considered to be a radical treatment
strategy for PLC comparable to liver resection and liver
transplantation, with the advantages of repeatable operation,
less trauma and fewer complications. In addition to PLC,
radiofrequency ablation can be applied to single or relatively
limited intrahepatic recurrence to improve the long-term
outcomes of patients [12, 13]. Guidelines for the Diagnosis
and Treatment of Primary Liver Cancer (2022) [14] indicates
that radiofrequency ablation is suitable for liver cancer
patients with single tumor with diameter ≤ 5 cm, multiple
tumors with maximum tumor with diameter ≤ 3 cm, tumor
nodules with diameter ≤ 3 cm, no vascular invasion, and dis-
tant metastasis. For patients with single or multiple tumors
that cannot be treated surgically, TACE combined with
radiofrequency ablation can be used. Sorafenib is a molecu-
lar targeted drug, a multikinase inhibitor, which can effec-
tively prolong the survival time of liver cancer patients. In
addition, according to relevant studies, sorafenib can expand
the range of radiofrequency ablation and improve the thera-
peutic effect of liver cancer treatment [15]. Treating liver
cancer with TACE alone also has some limitations. TACE
treatment of liver cancer can cause anoxic environment,
induced VEGF expression, and neovascularization, while
TACE combined with sorafenib to treat liver cancer can
effectively inhibit regenerating blood vessels, reduce tumor
recurrence and metastasis, and improve the therapeutic
effect. In this study, the ORR and DCR of group A
(33.33% and 70.00%) after treatment were higher than that
of group B (10.00% and 43.33%) (both P < 0:05). Group A
was given TACE+radiofrequency ablation+sorafenib, and
group B was given TACE+radiofrequency ablation. These
results indicated that the combination of TACE+radiofre-
quency ablation+sorafenib was more effective in the treat-
ment of recurrent liver cancer, which may be related to the
synergistic therapeutic effect of sorafenib with TACE and
radiofrequency ablation. There were no significant differ-
ences in the incidence of complications such as embolism
syndrome, hand and foot skin reaction, gastrointestinal

Table 4: Logistic multivariate analysis of recurrence in two groups.

Item β SE Wald χ2 OR 95% CI P value

PVTT 6.154 1.710 12.947 470.733 16.477~13448.349 < 0.001

Degree of differentiation 3.475 1.475 5.548 32.295 1.792~581.983 0.019

Vascular invasion 1.636 1.212 1.822 5.134 0.477~55.220 0.177

Serum AFP level (ng/dL) 1.705 1.151 2.196 5.502 0.577~52.479 0.138

Number of tumors 0.940 1.196 0.617 2.560 0.245~26.695 0.432

Maximum diameter of tumor 3.001 1.520 3.898 20.109 1.022~395.55 0.048

Cirrhosis -2.997 1.587 3.566 0.050 0.002~1.120 0.059

Number of nodules 0.928 1.138 0.665 2.531 0.272~23.557 0.415

Constant -5.441 1.857 8.581 0.004 0.003

PVTT: yes = 1 and no = 0; degree of differentiation: mediumand high differentiation = 1 and low differentiation = 0; vascular invasion: yes = 1 and no = 0;
serum AFP level (ng/dL): ≥400 = 1 and <400 = 0; number of tumors: multiple = 1 and single = 0; maximum diameter of tumor (cm): ≥5 = 1 and <5 = 0;
cirrhosis: yes = 1 and no = 0; nodule number: polynodule = 1 and single nodule = 0.
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Figure 1: Analysis of model calibration degree.
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reaction, hypertension, diaphragmatic injury and bleeding,
and biliary leakage and fever between the two groups (all P
> 0:05). Although sorafenib was added in group A, there
was no increase in the incidence of serious adverse reactions
and complications indicating that sorafenib are safe for
treatment.

Comparison of baseline and clinical data between the
two groups showed that the proportion of patients in the
recurrence group with PVTT, medium and high degree of
differentiation, combined with vascular invasion, serum
AFP level ≥ 400 ng/dL, multiple tumors, maximum
diameter ≥ 5 cm, combined with cirrhosis, and polynodules
was significantly higher than that in the nonrecurrence
group (all P < 0:05). The results showed that the complica-
tion of PVTT, medium and high degree of differentiation,
vascular invasion, serum AFP level ≥ 400ng/dL, multiple
tumors, maximum tumor diameter ≥ 5 cm, cirrhosis, and
polynodules were related to the recurrence of liver cancer.
The recurrence of liver cancer is generally caused by multi-
centric canceration, and the high recurrence rate after sur-
gery also seriously affects the therapeutic effect. Early
recurrence was mainly related to tumor size, vascular inva-
siveness, and higher AFP level in muscle serum of the pri-
mary tumor, while late recurrence was mainly related to
etiology and cirrhosis background. Vascular invasion can
lead to worse tumor stage and tumor progression in patients,
and PVTT is a common complication in patients with liver
cancer, indicating poor prognosis [16]. Tumor grade can sig-
nificantly affect the independent influencing factors of long-
term survival, and the histological grade of tumor can repre-
sent the biological aggressiveness of liver cancer. Multiple
previous studies have shown that tumor grade is a negative
prognostic indicator [17, 18], which is consistent with the
results of our study. Serum AFP indicators play an impor-
tant role in early detection, and serum AFP level can be used
as an independent predictor of overall survival before sal-
vage treatment, and a higher AFP level indicates a higher
degree of malignancy of liver cancer [19]. The number and
maximum diameter of tumors are related to the early recur-
rence of liver cancer. Large liver cancer with a diameter of
>5 cm is highly invasive and has a high risk of recurrence,
which may be related to large tumor size, compression or
invasion of large blood vessels. Previous studies have also
shown that cirrhosis and polynodules are risk factors for
liver cancer recurrence [20–22]. The logistic multivariate
analysis showed that PVTT, medium and high differentia-
tion degree, and maximum tumor diameter ≥ 5 cm were
independent risk factors for liver cancer recurrence (all P
< 0:05). PVTT, serum AFP level ≥ 400ng/dL, multiple
tumors, cirrhosis, and polynodular were not the indepen-
dent risk factors for liver cancer recurrence. This result
may be related to the small number of cases in this study.

The identification of patients with recurrent liver cancer
by predictive model is conducive to the timely intervention
by clinicians and the development of individualized control
programs for high risk factors, which is conducive to further
reducing the recurrence rate of liver cancer and improving
the prognosis of liver cancer patients. In this study, a predic-
tion model was established based on various risk factors. The

Hosmer-Lemeshow test and ROC curve analysis showed
that the model had high predictive value for liver cancer
recurrence and could be used in the early prediction of liver
cancer recurrence.

In conclusion, TACE+radiofrequency ablation+sorafenib
has a good clinical effect in the treatment of recurrent liver can-
cer, and the prediction model established based on risk factors
has a high predictive value for the recurrence of liver cancer.
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Objective. To determine the effectiveness of comprehensive nursing in the care of ovarian carcinoma (OC) patients treated with
paclitaxel (PTX) plus nedaplatin (NDP). Methods. The research population comprised 180 advanced OC patients who received
treatment in the Shaanxi Cancer Hospital between November 2018 and November 2021. The enrolled cases were assigned to
two groups based on different nursing plans: an observation group (OG) with 100 cases treated with comprehensive nursing
and a control group (CG) with 80 cases intervened by conventional nursing. Intergroup comparisons were performed to
identify statistical significance in terms of the following parameters: serum NGF, TK1, and CA15-3 levels; VAS, SAS, and SDS
scores; nursing compliance; incidence of adverse reactions; and nursing satisfaction. Results. Compared with CG, OG showed
the following: (1) lower posttreatment NGF, TK1, and CA15-3 levels; (2) lower scores of SAS and SDS; (3) higher nursing
compliance; and (4) lower incidence of adverse reactions and higher nursing satisfaction after nursing. Conclusions.
Comprehensive nursing far outperformed conventional nursing in the care of advanced OC patients treated with PTX plus
NDP, which is worth popularizing.

1. Introduction

Ovarian carcinoma (OC) is one of the most deadly gyneco-
logical malignancies, ranking as the fifth leading cause of
cancer deaths among women in many developed countries
[1, 2]. It is a collection of heterogeneous tumors with differ-
ent clinicopathological and molecular characteristics [3],
with approximately 70-80% of cases being diagnosed at a
late stage due to unconspicuous or nonspecific clinical pre-
sentations [4, 5]. Advances have been made in both tradi-
tional and new treatments for the disease over the past few
decades [6]. Among various treatments, nedaplatin (NDP)
plus paclitaxel (PTX) maintenance chemotherapy is a com-
mon approach, with evidence indicating that weekly dose-
dense PTX combined with platinum can improve patient
survival [7]. However, 60-70% of patients still face the risk
of recurrence even after relevant treatment, which has a
great impact on their 5-year survival [8]. This shows that

after treatment, other means are needed to maintain the
effect of treatment [9]. Nursing is a necessary means to
maintain the therapeutic effect. Therefore, this research,
which focuses on OC nursing, is of great significance to
maintain a more effective therapeutic effect for patients with
the disease, thereby reducing disease recurrence.

After a variety of treatment means, a good nursing model
is conducive to patient recovery and maintains therapeutic
effects [10, 11]. Comprehensive nursing is such a good and
flexible nursing method that can be tailored according to
the changes of patients’ conditions. Its strong comprehen-
siveness can considerably ease surgery-induced negative psy-
chological state of patients while helping them to develop a
healthy lifestyle from the aspect eating habits, which is of
great significance to patients’ rehabilitation [12, 13]. How-
ever, there is scanty research on the employment of compre-
hensive nursing care in OC patients after chemotherapy.
Consequently, this study assesses the effectiveness of
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comprehensive nursing on OC patients from various blood
test indexes after treatment, as well as anxiety, depression,
and various complications.

2. Methods

2.1. Study Population. The study population comprised 180
advanced OC patients who received treatment in the
Shaanxi Cancer Hospital between November 2018 and
November 2021. Based on different nursing plans, 100 cases
receiving comprehensive nursing after treatment were
included in the observation group (OG), and the other 80
cases receiving conventional nursing were included in the
control group (CG). Inclusion criteria are as follows: all cases
were diagnosed as OC by cytology or histopathological
biopsy and received treatment treated in our hospital; age
≥ 18; active participation and cooperation of patients and
their family members; and complete case data. Exclusion cri-
teria are as follows: other malignant tumors; intolerance or
contraindications to chemotherapy; primary diseases of
blood system, or dysfunction of heart, liver, kidney and
other organs; allergic constitution; and pregnant or lactating
women. This study was conducted after obtaining approval
from the Medical Ethics Committee of Shaanxi Cancer Hos-
pital, and patients and their families signed informed
consent.

2.2. Methods. The two cohorts of patients received the same
treatment (PTX plus NDP) but different posttreatment nurs-
ing methods. The patients in CG were given conventional
nursing, that is, monitoring the changes of vital signs, giving
routine dietary guidance, helping patients with mobility dif-
ficulties to recover from exercise, daily cleaning of the ward
to keep the environment clean, and instructing patients to

review regularly upon their discharge from hospital, while
the patients in OG received comprehensive care. All exami-
nations were completed within 24 hours of admission. Upon
patient admission, the medical staff carried out a detailed
investigation and understanding of a series of personal-
related conditions of the patient, as well as the patient’s
awareness of the complications related to the combination
therapy of OC. Based on the investigation, a nursing plan
suitable for each patient was developed. During the health
education for patients, the medical staff not only distributed
the relevant health manuals to them but also explained the
relevant knowledge of OC in detail, including the occur-
rence, treatment, drug use, treatment of posttreatment com-
plications (if any), and home care methods. Family members
were also involved in learning to play a part in the care. In
addition, health education was conducted once a week
(2 h/time), and the frequency was adjusted according to the
degree of knowledge acquired by patients and their families.
Furthermore, the patients were cared for psychologically and
emotionally. They were informed that negative emotions can
easily worsen their illness. Psychological nursing was carried
out in an environment in which interpersonal atmosphere
and treatment are more harmonious, and appropriate
encouragement was given to patients in time, so as to estab-
lish their confidence to recover from surgical treatment. The
medical staff also reminded the patients of some precautions
during treatment. For example, during health education, the
patients were instilled with the need to strictly abide to the
instructions of the medical staff during the operation and
strictly follow the doctor’s advice to use drugs and cannot
stop taking drugs against the medical advice. After surgical
treatment, medical staff deliberately set aside a period of
time (about 10-15min) every day to help patients with
impaired mobility to do rehabilitation exercise. Moreover,

Table 1: Patient’s general information.

Classification Observation group (n = 100) Control group (n = 80) t/χ2 P

Mean age (years) 48:11 ± 6:92 48:84 ± 6:46 0.72 0.470

BMI 27:34 ± 1:62 27:29 ± 1:39 0.22 0.827

Drinking 0.09 0.769

Yes 72 (72.00) 56 (70.00)

No 28 (28.00) 24 (30.00)

Smoking 0.01 0.919

Yes 88 (88.00) 70 (87.50)

No 12 (12.00) 10 (12.50)

Working state 1.42 0.233

Employed 78 (78.00) 68 (85.00)

Unemployed 22 (22.00) 12 (15.00)

Family type 2.51 0.113

Nuclear family 64 (64.00) 60 (75.00)

Others 36 (36.00) 20 (25.00)

Place of residence 0.01 0.945

Rural 37 (37.00) 30 (37.50)

Urban 63 (63.00) 50 (62.50)
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during and after treatment, patients were given dietary guid-
ance, highlighting light diet, balanced nutrition, and more
intake of food with high nutritional value and avoiding alco-
hol, tobacco, and greasy and spicy food. On the day before
discharge, patients and their families were given postdis-
charge nursing guidance, covering medication, diet, exercise,
and reexamination. They were also instructed to master the
basic essentials of home nursing, disinfection, and isolation.

Follow-up was conducted periodically. After that, they were
followed up regularly.

2.3. Endpoints

2.3.1. Serum Nerve Growth Factor (NGF), Thymidine Kinase
1 (TK1), and Carbohydrate Antigen 15-3 (CA15-3). At
admission and 30 days after nursing, 5mL of fasting cubital

Before nursing After nursing
0

200

400

600

800

1000

N
G

F 
(p

g/
m

l)
##

⁎

Observation group
Control group

(a)

Before nursing After nursing
0

2

4

6

8

10

TK
1 

(p
m

ol
/L

)

#

#
⁎

Observation group
Control group

(b)

Before nursing After nursing
0

20

40

60

80
CA

15
-3

 (U
/m

l)

#

Observation group
Control group

#
⁎

(c)

Figure 1: Serum levels of NGF, TK1, and CA15-3 in the two groups: (a) serum NGF levels before and after nursing in the two groups. (b)
Serum TK1 levels in the two groups before and after nursing. (c) Serum CA15-3 levels before and after nursing in the two groups. Note:
#P < 0:05 vs. before treatment; ∗P < 0:05 vs. control group.
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Figure 2: Mental health of patients in the two groups: (a) SAS scores before and after nursing in the two groups. (b) SDS scores of the two
groups before and after nursing. Note: #P < 0:05 vs. before treatment; ∗P < 0:05 vs. control group.
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venous blood was collected into test tubes without anticoag-
ulant and naturally agglutinated at indoor temperature for
20-30min. After 10min of centrifugation (1500 × g at 4°C),
the serum was separated and stored at -20°C for subsequent
detection of NGF, TK1, and CA15-3 via ELISA [14].

2.3.2. Mental Health (MH). The MH level of both groups
was evaluated and compared at admission and 30 days after
receiving nursing care, with the self-rating anxiety/depres-
sion scale (SAS/SDS) [15, 16] as evaluation criteria. The
worse the MH level of patients, the higher the score.

2.3.3. Nursing Compliance. Patients’ compliance during
nursing care was also observed and compared. Complete
compliance: the patient actively cooperates with medical
staff in the nursing process. Partial compliance: the patient
occasionally has irregular behaviors in the nursing process
but continues to cooperate after being reminded by medical
staff. Noncompliance: the patient is completely uncoopera-
tive with the medical staff.

2.3.4. Adverse Reactions (ARs). ARs, including myelosup-
pression, alopecia, gastrointestinal discomfort, and anemia,
were compared.

2.3.5. Nursing Satisfaction. The nursing satisfaction assessed
by the satisfaction questionnaire made by our hospital was
also compared. The score ranged from 0 to 100, with a score
of ≥85 and 84-60 indicating satisfied and basically satisfied,
respectively. Higher scores suggest better nursing quality.

2.4. Statistical Methods. The software applied for statistical
analysis and image rendering was SPSS 21.0 (Bizinsight
Information Technology Co., Ltd.) and GraphPad Prism 6
(GraphPad Software, San Diego, USA), respectively. The sta-
tistical methods for the comparison of measurement data
(mean age, body mass index (BMI), etc.) expressed as
(�χ ± s) and counting data (drinking, smoking, etc.) were t
-test and χ2 test, respectively, and statistical significance
was present when P < 0:05.

3. Results

3.1. General Data. The two groups exhibited no statistical
differences in general information such as mean age, BMI,
drinking/smoking (yes/no), working status, family type,
and residence (P > 0:05) (see Table 1 for details).

3.2. Serum NGF, TK1, and CA15-3 Contents. Intergroup
comparisons of serum NGF, TK1, and CA15-3 contents
revealed statistically lower levels of these parameters in OG
(P < 0:05). Figure 1.

3.3. Psychological Status. The intergroup comparison of MH
revealed statistically lower SAS and SDS scores in OG versus
CG after nursing intervention (P < 0:05). Figure 2.

3.4. Nursing Compliance. After statistical comparison, it was
found that the total compliance was higher in OG than in
CG (P < 0:05) Table 2.

Table 2: Compliance of patients in the two groups.

Classification Observation group (n = 100) Control group (n = 80) χ2 P

Complete compliance 73 (73.00) 36 (45.00) — —

Partial compliance 24 (24.00) 24 (30.00) — —

Noncompliance 3 (3.00) 20 (25.00) — —

Total compliance (%) 97 (97.00) 60 (75.00) 19.30 <0.001

Table 3: Incidence of adverse reactions in the two groups.

Classification Observation group (n = 100) Control group (n = 80) χ2 P

Myelosuppression 0 (0.00) 2 (2.50) — —

Hair loss 2 (2.00) 4 (5.00) — —

Gastrointestinal discomfort 2 (2.00) 4 (5.00)

Anemia 0 (0.00) 2 (2.50) — —

Total incidence (%) 4 (4.00) 12 (15.00) 6.64 0.01

Table 4: Nursing satisfaction of patients in the two groups.

Classification Observation group (n = 100) Control group (n = 80) χ2 P

Satisfied 70 (70.00) 34 (42.50) — —

Basically satisfied 28 (28.00) 30 (37.50) — —

Dissatisfied 2 (2.00) 16 (20.00) — —

Satisfaction (%) 98 (98.00) 64 (80.00) 16.00 <0.001
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3.5. Adverse Reactions. Comparing ARs between the two
groups, we found an obviously lower incidence of ARs in
OG compared with CG (P < 0:05) Table 3.

3.6. Nursing Satisfaction. The statistical comparison of
patient satisfaction towards nursing revealed a statistically
higher satisfaction degree in OG compared with CG
(P < 0:05) Table 4.

4. Discussion

As one of the gynecological malignancies, OC is highly
migratory and easily metastasized to abdominal organs,
and in many cases, it has already metastasized once detected
[17–19]. PTX plus NDP is a common method to treat OC;
however, it is easy for cancer cells to develop drug resistance,
leading to disease relapse [20]. Therefore, after treatment, a
series of nursing measures are required to maintain the ther-
apeutic effect and enable patients to recover effectively.

First, we found more significant deductions in cancer-
related serum factors (NGF, TK1, and CA15-3) in OG com-
pared with CG after nursing. TK1 plays a vital part in DNA
synthesis and cell proliferation, with elevated expression in
various cancers, which is a common prognostic factor of
cancer [21]. NGF generally affects the nervous system;
NGF and its precursor, proNGF, stimulate the survival or
growth of cancer cells, respectively, which can enhance the
invasiveness of cells [22]. CA15-3 is a common serological
marker in various cancers, with elevated expression indicat-
ing further progression of cancer, but its sensitivity is poor
[23]. The results of this study showed that comprehensive
nursing had a better effect on reducing cancer-related factors
than conventional nursing, which is consistent with the sug-
gestion of Lu et al. [24] in the study on the care for OC. This
is because compared with conventional nursing, compre-
hensive nursing is more integrated and targeted, and its clin-
ical nursing methods, application of nursing management
system, and nursing procedures are more standardized, with
stricter management requirements for medical teams
[25–27]. This study also found that after nursing, the scores
of anxiety (SAS) and depression (SDS) were reduced in both
cohorts, especially in OG. As we all know, negative emotions
tend to aggravate patient’s conditions and form a vicious cir-
cle. In order to get a good recovery, patients need to main-
tain psychologically healthy [22]. Therefore, great efforts
should be made during the care to avoid such emotions in
patients. In terms of nursing methods, comprehensive nurs-
ing has better and more detailed health education than con-
ventional nursing, which enables patients and their families
to fully understand the treatment process of chemotherapy
and medication and to better deal with adverse reactions
and complications caused by the drugs. Therefore, patients
in OG with health education carried out from multiple
dimensions were more confident. In addition, medical staff
provided special psychological counseling to help patients
build confidence during the comprehensive nursing process,
so that the depression and anxiety patients in OG were val-
idly eliminated. It is precisely because of that the therapeutic

effect of OG is better, with more significant improvements in
various factors.

This study also has shortcomings. Due to the influence
of equipment and some other objective conditions, we were
unable to detect more indicators. Besides, we have not yet
developed a valid indicator to determine whether patients
relapsed after treatment to help verify the maintenance of
efficacy during care. In future research, we will continue to
address these defects.

5. Conclusion

Collectively, comprehensive nursing has advantages over
conventional nursing in the care of advanced OC patients
treated with PTX plus NDP, which is worth popularizing.
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The labeled dataset used to support the findings of this study
are available from the corresponding author upon request.
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Background. In tumor progression and epigenetic regulation, long non-coding RNA (lncRNA) and necroptosis are crucial
regulators. However, in glioma microenvironment, the role of necroptosis-related lncRNAs (NRLs) remains unknown. Method.
In this study, the RNA-seq and clinical annotation of glioma patients were analyzed using the Cancer Genome Atlas (TCGA)
and Chinese Glioma Genome Atlas (CGGA) databases. To investigate prognosis and tumor microenvironment of NRLs in
gliomas, we conducted a prediction model based on the training cohort. The accuracy of the model was verified in the
verification cohort. Results. A signature composed of 13 NRLs was identified, and all glioma patients were divided into two
groups. We found that each group has unique survival outcomes, biological behaviors, and immune infiltrating status. The
necroptosis-related lncRNA signature (NRLS) model was found to be an independent risk factor in multivariate Cox analysis.
Immunosuppressive microenvironment was positively correlated with the high-risk group. Due to significantly different IC50
between risk groups, NRLS could be used as a guide for chemotherapeutic treatment. Further, the entire cohort was divided
into two clusters depending on NRLs. Consensus clustering method and the risk scoring system were basically similar. Survival
probability was higher in Cluster 2, while Cluster 1 has stronger immunologic infiltration. Conclusion. The predictive signature
could be a prognostic factor independently and serve to detect the role of NRLs in glioma immunotherapy response.

1. Introduction

Glioma is the most frequently diagnosed malignant tumor in
the central nervous system (CNS), accounting for about 30%
of primary brain tumors and 80% of malignant brain tumors
[1]. The latest 2021 WHO Classification of Tumors of the
Central Nervous System integrated histological features and
molecular phenotypes of tumors and further proposed the
new tumor classification criteria, which focus on advancing
the application of molecular diagnosis in the classification
of CNS tumors [2]. In recent decades, molecular markers,
including the isocratic dehydrogenase (IDH) mutation, the
codeletion of chromosome arms 1p and 19q (1P/19q codele-
tion), and the H3 G34 mutant, have been demonstrated that
play a significant role in the classification, grading, prognosis
and treatment of gliomas [3–5]. However, these markers have
limited sensitivity and accuracy [6]. On the other hand, mul-

timodal treatment, including maximum surgical resection
assisted by radiotherapy and simultaneous chemotherapy
with temozolomide, has made great progress [7, 8]. However,
some glioma patients are still resistant to current treatment
strategies due to the presence of an immunosuppressive
tumor microenvironment (TME) and tumor heterogeneity.
The clinical outcomes of these patients are still unsatisfactory.
Especially for glioblastoma, the median survival time was
only 16 months [9]. As a result, it is critical to develop novel
prognostic biomarkers and individualized molecular targets.

Necroptosis, a type of programmed cell death, was ini-
tially identified as a viable alternative to apoptosis due to
the presence of death domain receptors [10]. Necroptosis
differs from apoptosis and other forms of programmed cell
necrosis in that it is not dependent on caspase activity.
Instead, it requires RIPK3-dependent phosphorylation of
MLKL [11]. This phosphorylation event causes MLKL to
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produce large pores on the plasma membrane, which leads
to damage-associated molecular patterns (DAMP) secretion,
cell swelling, and membrane rupture. During necroptosis,
different stages of cell disassembly can be observed, includ-
ing organelle swelling, membrane rupture, and disassembly
of the cytoplasm [12]. The expression of several key mole-
cules associated with necroptosis, including CYLD, RIPK3,
and MLKL, has been reported to be downregulated in some
tumors [13], suggesting that cancer cells tend to escape from
the necroptotic pathway. However, it has also been demon-
strated that induction of necroptosis in tumor cells is not
necessarily beneficial, cell rupture resulting from necroptosis
and release of cell contents may act as a pro-inflammatory
agent, in turn promoting tumor cell growth, angiogenesis,
invasion, and metastasis [14].

In a word, the overall effect of necroptosis or its interac-
tion with the surrounding environment on tumor progres-
sion remains to be investigated in different tumor
microenvironments.

lncRNAs are a subclass of non-coding RNA with a length
of up to 200 nucleotides that is abundant in organisms.
Increasing evidence reports that lncRNAs are associated with
malignant progression of glioma [15]. For instance, by bind-
ing to miR-302a, lncRNA HOXA-AS2 promotes KDM2A/
JAG1 expression, thereby facilitating Treg cell proliferation
and immune tolerance in glioma [16]; lncRNA.

NEAT1 activates NF-κB and PD-L1 to promote immune
evasion by interacting with PTRF in glioblastoma [17](p1).
On the other hand, numerous studies indicated that
lncRNAs could also regulate necroptosis by acting as com-
petitive endogenous RNA and influencing target gene
expression. For example, LncCRLA overexpression inhibited
necroptosis in lung adenocarcinoma cells via binding to the
RIPK1 intermediate domain and then disrupting the
RIPK1–RIPK3 interaction [18]. Besides lncRNAs associated
with necroptosis, several lncRNAs associated with aging,
pyroptosis, and 5-methylcytosine have been extensively
reported in recent years [19–21]. Given NRLs are highly het-
erogeneous in terms of tumor phenotype and function, their
function in glioma microenvironment is worth being fully
investigated.

This study focused on the NRLs in glioma. We analyzed
the RNA-seq data in TCGA and CGGA cohorts and identi-
fied 13 NRLs highly related to the prognosis of glioma
patients. Based on this result, we construct a signature of
NRLs and tried to regroup patients based on NRLS. Impor-
tantly, we found that each group has unique survival out-
comes, biological behaviors, immune infiltrating status, and
chemosensitivity. Moreover, we conducted a prediction
model for predicting prognosis and verified that this model
has excellent capability to predict the clinical outcomes of
patients. We hope that this NRLS may serve as unique refer-
ence for the precision treatment and prognosis evaluation
development of glioma.

2. Materials and Methods

2.1. Data Collection. The RNA sequencing counts matrix,
including 663 samples (LGG+GBM) with paired clinical

annotation as the training data, was obtained through Xena
platform (http://xena.ucsc.edu/) [22]. Analogously, the
RNA transcriptome count matrix of normal samples from
the Genotype-Tissue Expression (GTEx) was retrieved.
RNA-sequencing of TCGA-Glioma and GTEx-Brain were
merged using the function “removeBatchEffect()” in “limma
R” package to perform further analysis. The validation
cohorts were obtained from the Chinese Glioma Genome
Atlas (CGGA), which included mRNA count matrix and
clinical annotation for 1018 samples (mRNAseq 693
+mRNA seq325) [23]. Patients who did not receive
follow-up or whose overall survival (OS) was less than 30
days were removed.

2.2. Identification of Necroptosis-Related Gene and lncRNA.
From recent publications, a list of 67 necroptosis-related
genes from previous literature was obtained (Table S1). The
“Deseq2” package was performed to obtain differentially
expressed gene (DEGs) between merged TCGA-Glioma and
GTEx-Brain, the |Log2FC| >2, and the adjusted P-value (adj.
P)<0.05 as the screening condition. Then, we obtained 20
genes that overlapped between DEGs and necroptosis-
related genes for further analysis. lncRNAs annotation
according to the genome references consortium human
build 38 was downloaded from the GENCODE website
(http://www.gencodegenes.org/). Finally, 14086 lncRNAs
from TCGA and 14086 lncRNAs from CGGA were
identified. Pearson’s correlation analysis among necroptosis-
related genes and lncRNAs was utilized to get the
necroptosis-related lncRNAs in both cohorts (TCGA and
CGGA) with a threshold coefficient |r|>0.5 and P < 0:001.
Next, the repeated genes were applied to univariate Cox
regression in two cohorts with a threshold of P < 0:001. For
further analyses, we intersected the lncRNAs screened from
the TCGA and CGGA cohorts. Subsequently, a total of 43
reliably expressed lncRNAs were detected.

2.3. Development and Validation of Necroptosis-Related
lncRNAs Prognostic Signature. To determine the optimal
coefficients for each prognostic signature, the LASSO Cox
regression model was applied in TCGA training cohort
[24]. LASSO coefficients were determined at one standard
error (lamda 1SE) of the minimum mean cross-validation
errors. The formula was given as follows:

risk score = 〠
n

n=1
βn × xn: ð1Þ

βn means the LASSO regression coefficient for each
lncRNA, and xn denotes the expression profile of the
selected lncRNA. With the assistance of “survminer” pack-
age, after the optimum cut-off value for the risk score was
determined, patients were classified as high-risk or low-risk
groups. Similarly, using the optimum cut-off value of the
training cohort, we separated CGGA patients into high-
risk and low-risk groups based on NRLS model to evaluate
the accuracy of the prognostic signature. Then, we evaluated
the survival difference between the two groups through the
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Kaplan–Meier (KM) survival analysis and the log-rank test
in the training and validation cohorts.

2.4. Independent Prognostic Analysis of Risk Scores Based on
the TCGA and CGGA Datasets. We developed univariate
Cox and multivariate Cox regression analyses to evaluate
whether the risk score and clinicopathologic data (age, gen-
der, grade, IDH status, and p/19q status) were independent
variable factors in TCGA and CGGA cohorts. “forestplot”
package was used to visualize the results of multiple multi-
variate Cox regression. We established a predictive model
and nomogram to predict patient prognosis. To assess the
predictive accuracy of this model at different time point,
time-dependent receiver operating characteristic (ROC)
curves were applied via “survivalROC” R package, and the
area under the curve (AUC) values demonstrated distinction
of this model.

2.5. Gene Set Enrichment Assessment. The cut-off values
(|log2FC|≥2 and adj.P.Val<0.01) were used to distinguish
the differential genes between high- and low-risk groups in
TCGA cohort. Then, the DEGs were sorted according to the
difference multiple. GSEA was conducted to examine dis-
crepancies, related pathways, and biological processes
between both risk groups. The enrichment degree and signif-
icance of DEGs in KEGG, GO, and Hallmark gene sets were
calculated via the configuration of the “clusterProfiler” R
package. The above three gene sets were downloaded from
the Molecular Signatures Database (http://www.gsea-
msigdb.org).

2.6. Tumor Immune Microenvironment (TIME) Analysis in
Glioma. TIME reflects several terms, including immune cell
infiltration, immune checkpoint expression profile, and
levels of the anti-cancer immunity cycle [25]. Immune infil-
tration abundance of each sample from TCGA was quanti-
fied from 7 algorithms including CIBERSORT, XCELL,
QUANTISEQ, TIMER, EPIC, and MCPcounter. Correlation
of risk score with immune cell subpopulations was con-
ducted by the Spearman correlation test. We use a bubble
chart to visualize the result. To figure out stromal cells and
immune cell abundance, “ESTIMATES” package was used
to calculate the Stromalscore, Immunescore, and Estestima-
teScore. According to previous research, evaluation of anti-
cancer immunity cycle includes 7 steps [26], and these steps
can be quantified for single-sample Gene Set Enrichment
Analysis (ssGSEA) based on the expression level of related
genes in each sample. Every step was set to a value that indi-
cated the degree of antitumor immunity upregulation. A
boxplot depicts the expression level of immune checkpoints
in low- and high-risk groups. In addition, to investigate the
immunotherapeutic response, Tumor Immune Dysfunction
and Exclusion (TIDE) web tool (http://tide.dfci.harvard
.edu/) was employed to determine related scores of TIDE
for every sample.

2.7. Sensitivity of Chemotherapeutic Agents Assessment. The
Genomics of Drug Sensitivity in Cancer (GDSC; https://
www.cancerrxgene.org/) website was applied to predict the
sensitivity of each sample to chemotherapeutic agents. The

half maximal inhibitory concentration (IC50) was deter-
mined using ridge regression and R package “pRRophetic.”

2.8. Consensus Clustering. To decode the heterogeneity of
patients based on 13 necroptosis-related lncRNAs. TCGA
and CGGA cohorts were divided into two clusters via “Con-
sensusClusterPlus” R package with the parameters of 500
iterations and resample rate of 0.9. Then, the Kaplan–Meier
survival was performed to evaluate the discrimination of
consensus clustering and survival difference. Finally, a heat
map was conducted to visualize the degree of immune infil-
tration between the two clusters.

2.9. Validations of Selected lncRNAs Using Quantitative Real-
Time (qRT-PCR) in Tissue Samples. Five lncRNAs were cho-
sen to verify the expression difference between non-tumor
brain tissue and glioma. All glioma specimens and non-
tumor brain tissues were obtained from the Department of
Neurosurgery of Changhai Hospital between August 2021
and January 2022, including five non-tumor brain tissues,
three WHO grade 2, three WHO grade 2, and four GBM.
Non-tumor brain tissues were from patients who underwent
temporal lobectomy for intractable epilepsy. All activities
conducted with patient specimens collected were authorized
by the Medical Ethics Committee of our hospital. Total RNA
extraction was conducted via Trizol reagent. cDNA was syn-
thesized according to the instruction of PrimeScriptTMRT
Master Mix Kit. Next, qRT-PCR was conducted using Light-
Cycler 480 real-time PCR system. GAPDH served as an
internal control, while 2–ΔΔCt method was used to stan-
dardize the results. The sequences of the primers were
reported in Table S5.

3. Results

3.1. Screen of Prognostic NRLs in Glioma Patients.
Figure 1(a) depicts the study’s workflow. We first analyze
the differences between glioma and normal samples to deter-
mine abnormally expressed necroptosis-related genes in gli-
oma (Table S2). 20 genes were figured out, and 95.0% of
these genes (19/20) were upregulated in glioma samples
(Figures 1(b) and 1(c)). Next, Pearson’s correlation analysis
with Pearson’s coefficient |r|>0.5 and P < 0:001 retained a
small number of intersected lncRNAs in TCGA and
CGGA cohorts (Figure 1(d)). In the meantime, we
performed univariate Cox analysis in each cohort and
identified 43 intersecting lncRNAs related to prognosis
(Figure 1(e) and Table S3).

3.2. Development and Verification of NRLs. To eliminate col-
linearity, 43 NRLs were included in LASSO Cox regression.
According to lamda 1SE, 13 lncRNA with poor prognosis
in glioma were selected to determine the risk score
(Figures 2(a) and 2(b), Figure S1). The corresponding
coefficient value was exhibited in Figure 2(c). To stratify
samples into different risk groups, the optimal cut-off value
derived from risk score in training cohort was determined
using “survminer” R package (Figure S2). Based on the
cut-off value, we divided the glioma patients into high-risk
and low-risk groups. As visualized in KM survival analysis
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Figure 1: Identifying prognostic genes for developing a risk model. (a) A workflow of study. (b) Volcano plot of differentially expressed
genes analysis in glioma (TCGA cohort) compared with normal brain (GTEx). (c) Gene expression heat map. (d) Heat map showed the
correlation of 20 necroptosis related with 43 lncRNAs. (e) Forest plot of the prognostic lncRNAs extracted by univariate Cox regression
analysis.
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Figure 2: Continued.
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for training and validation cohort, low-risk group had better
survival outcomes than high-risk group (Figures 2(d) and
2(e)). Moreover, distributions of risk gene expression, risk
score, and gene expression profile were plotted in TCGA
and CGGA cohorts (Figures 2(f) and 2(g)). All these
results indicated that risk score depending on NRLS could
be an acceptable indicator in predicting the clinical
outcome of glioma patients. Besides, whether the risk score
can be used in different subgroups of glioma samples was
exhibited in (Figures 3(a)–3(p)). We observed that the risk
scoring system performed well in predicting the survival
outcome of patients with different clinical situations. From
the above results, the prediction potential of the risk
scoring system based on NRLS was revealed.

3.3. Independent Predictive Ability of the NRLS in TCGA and
CGGA. Univariate and multivariate Cox regression analyses
were performed to verify whether the prediction signature is
independent within both training and validation cohorts.
Univariate Cox regression shows risk score, grade, age, and
histology subtype in each cohort were significantly related

to prognosis (Figure S3). Meanwhile, according to
multivariate Cox regression, risk score could be a prognostic
factor for both training and validation cohorts (Figures 4(a)
and 4(b)). Thus, a prediction model and a nomogram were
established. The sum of clinical parameters and risk scores
could be used to predict 1-, 3-, and 5-year survival
probabilities (Figure 4(c)). The area under the curve (AUC)
for predicting 1-, 3-, and 5-year survival in TCGA were
0.88, 0.92, and 0.86, and in CGGA were 0.77, 0.83, and 0.84,
respectively, which illustrated the precision of the prediction
model is relatively high. Calibration curves at 1, 3, 5 years
were plotted and attest proper consistency between actual
survival and predicted survival from nomogram in both
cohorts (Figures 4(f)–4(k)).

3.4. Analysis of Gene Set Enrichment. In order to have insights
into the functional annotation of DEGs between different
expression profiles, difference analysis was performed in high-
risk and low-risk groups (Table S4). Then, GSEA is applied
using gene ontology (GO), Kyoto Encyclopedia of Genes and
Genomes (KEGG), and Hallmark gene sets. We selected terms
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Figure 2: Development and validation of NRLs. (a) LASSO cox regression of 13 NRLs. (b) Cross-validation for tuning the parameter
selection in the LASSO regression. (c) Coefficient of model regression. (d) Kaplan-Meier curves of high-risk group and low-risk group in
TCGA. (e) Kaplan-Meier curves of high-risk group and low-risk group in CGGA. (f) Distribution of risk score and patients based on the
risk score and heat map of 13 NRL expressions in TCGA. (g) Distribution of risk score and patients based on the risk score and heat
map of 13 NRL expressions in CGGA.
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Figure 3: Continued.
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with adjusted P value > 0.01 and |NES|>1.5 for further analysis.
We observed that high-risk group enriched multiple immune-
related terms including IL2-STAT5 signaling, IL6-JAK-TAT3
signaling, and inflammatory response in Hallmark set

(Figure 5(a)). Similarly, the results of KEGG and GO were
also enriched in immune-related and oncogenic processes
(Figures 5(b) and 5(c)). These results indicated distinct
immune statuses in high-risk and low-risk groups.

Risk
Low
High

P< 0.01
0.00

0.25

0.50

0.75

1.00

0 2 4 6 8 10 12 14 16 18 20

Time (years)

Su
rv

iv
al

 p
ro

ba
bi

lit
y

0 2 4 6 8 10 12 14 16 18 20

Time (years)

21 8 3 1 1 1 1 1 1 0 0
165 21 3 1 1 1 0 0 0 0 0High

Low

Ri
sk

(i)

Risk
Low
High

Time (years)

0.00

0.25

0.50

0.75

1.00

0 2 4 6 8 10 12 14

Su
rv

iv
al

 p
ro

ba
bi

lit
y

P < 0.01

Time (years)

286 164 62 42 19 13 7 3
103 51 17 7 2 1 0 0High

Low

0 2 4 6 8 10 12 14

Ri
sk

(j)

Risk
Low
High

Time (years)

P < 0.01
0.00

0.25

0.50

0.75

1.00

Su
rv

iv
al

 p
ro

ba
bi

lit
y

0 2 4 6 8 10 12 14

Time (years)

0 2 4 6 8 10 12 14

105 53 29 18 10 5 2 0
314 72 32 16 7 2 0 0High

Low

Ri
sk

(k)

Risk
Low
High

Time (years)

P < 0.01
0.00

0.25

0.50

0.75

1.00

0 2 4 6 8 10 12

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Time (years)

0 2 4 6 8 10 12

286 252 198 139 83 48 12
211 107 49 26 10 4 0High

Low

Ri
sk

(l)

Risk
Low
High

Time (years)

0.00

0.25

0.50

0.75

1.00

0 2 4 6 8 10 12 14

Su
rv

iv
al

 p
ro

ba
bi

lit
y

P < 0.01

Time (years)

0 2 4 6 8 10 12 14

111 60 25 17 6 6 3 2
46 22 6 2 0 0 0 0High

Low

Ri
sk

(m)

Risk
Low
High

Time (years)

0.00

0.25

0.50

0.75

1.00

0 2 4 6 8 10 12 14 16 18 20

Su
rv

iv
al

 p
ro

ba
bi

lit
y

P < 0.01

Time (years)

0 2 4 6 8 10 12 14 16 18 20

258 146 54 32 16 9 5 2 1 0 0
194 29 4 1 1 1 0 0 0 0 0High

Low

Ri
sk

(n)

Risk
Low
High

Time (years)

0.00

0.25

0.50

0.75

1.00

0 2 4 6 8 10 12

Su
rv

iv
al

 p
ro

ba
bi

lit
y

P < 0.01

Time (years)

0 2 4 6 8 10 12

High
Low

Ri
sk 150 139 111 86 53 31 7

49 36 22 12 3 1 0

(o)

Risk
Low
High

Time (years)

0.00

0.25

0.50

0.75

1.00

0 2 4 6 8 10 12 14

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Time (years)

0 2 4 6 8 10 12 14

High
Low

Ri
sk 213 167 115 70 36 21 5 0

479 140 62 34 15 5 1 0

P < 0.01

(p)

Figure 3: Subgroup analysis of high- and low-risk groups. (a) LGG in TCGA. (b) GBM in TCGA. (c) LGG in CGGA. (d) GBM in CGGA.
(e) Young (age<45) in TCGA. (f) Old (age≥45) in TCGA. (g) Young (age<45) in CGGA. (h) Old (age≥45) in TCGA. (i) IDH wildtype in
TCGA. (j) IDH mutant in TCGA. (k) IDH wildtype in CGGA. (l) IDH mutant in CGGA. (m) 1p9ql codeletion in TCGA. (n) 1p19ql non-
codeletion in TCGA. (o) 1p9ql codeletion in CGGA. (p) 1p19ql non-codeletion in CGGA.

8 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D0.415

0.003

0.312

0.048

<0.001

1.036 (1.023−1.049)

0.887 (0.664−1.184)

1.550 (1.163−2.066)

0.722 (0.385−1.357)

0.575 (0.332−0.994)

2.043 (1.425−2.929)

Hazard ratioP value

Age

Gender

Grade

IDH_status

Codel_1p9q

Riskscore

<0.001

0.0 1.0 2.0

Hazard ratio

(a)

0.0 1.0 2.0

Age

Gender

Grade

IDH_status

Codel_1p19q

Riskscore

0.017

0.468

<0.001

0.073

<0.001

<0.001

P value

1.008 (1.001−1.015)

1.066 (0.897−1.267)

1.941 (1.684−2.238)

0.794 (0.617−1.021)

0.442 (0.325−0.600)

1.615 (1.392−1.873)

Hazard ratio

Hazard ratio

(b)

Points

Age

Gender
Female

Male

Grade
II IV

III

IDH_status
Mut

Wt

Codel_1p19q
Codel

Non

Riskscore
0.50–0.5–1–1.5–2 1 1.5 2

Total points

Linear predictor

1−year survival probability
0.95 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

3−year survival probability
0.95 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

5−year survival probability
0.95 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

0

10 20 30 40 50 60 70 80 90

100 20 30 40 50 60 70 80 90 100

–3 –2.5 –2 –1.5 –1 –0.5 0 0.5 1 1.5 2 2.5 3 3.5 4

20 40 60 80 100 120 140 160 180 200 240220 260

(c)

0.00

0.25

0.50

0.75

1.00

0.00 0.25 0.50 0.75 1.00

1 − specificity

Se
ns

iti
vi

ty

AUC of 1−y survival: 0.88
AUC of 3−y survival: 0.92
AUC of 5−y survival: 0.86

(d)

0.00

0.25

0.50

0.75

1.00

0.00 0.25 0.50 0.75 1.00

1 − specificity

Se
ns

iti
vi

ty

AUC of 1−y survival: 0.77
AUC of 3−y survival: 0.83
AUC of 5−y survival: 0.84

(e)

Figure 4: Continued.
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3.5. The Investigation of Immunity Factors in Risk Groups. Pre-
vious research indicated that necroptosis plays an important
role in tumor immunotherapy [27]. To evaluate the heteroge-
neous immune condition between both risk groups, immune
cell distribution of patients in TCGA cohort was analyzed
using the CIBERSORT protocol; the result shows that, in the
high-risk group, immune cells such as Tregs, resting NK cells,
and M2 macrophages are significatively high (Figure 5(d)).
Through applying correlation analysis, a positive correlation
was revealed between the abundance of M2 macrophage cells
and the abundance of CD8+ T cells (r2 =0.59). Moreover,
Tregs were positively correlated with resting NK cells (r2

=0.60), and resting T cell CD4+ memory was negatively cor-
related with B cell plasma (r2 =-0.41) (Figure 5(e)). Further-
more, we used various algorithms to investigate the
relationship between risk score and the quantitative value of
immune infiltration, we selected P value<0.001 to study fur-
ther, the results obtained from the preliminary analysis are
shown in Figure 5(f), more immune-suppressive cells such
as cancer-associated fibroblast, M2 macrophage, Treg cell, T
follicular helper cells, and T cell CD4+ Th2 are positively
related to the risk score on different platforms, whereas NK
cell activated cell, Monocyte, and CD4+ Th1 cells are neglect-

ive related to the risk score. Meanwhile, Spearman’s correla-
tion analysis showed that there were significant positive
correlations between immune, stromal, and ESTIMATE
scores as defined by “Estimate” package and risk score
(Figures 5(g)–5(i)). Potential differences in immune microen-
vironment components between high-risk and low-risk
groups were revealed based on this result.

3.6. Cancer Immunity Cycle and Immunotherapy Response
Analysis in Risk Groups. The term “cancer immunity cycle”
refers to the series of events that lead to an effective anti-
cancer immune response [26]. Immunotherapy is based on
the establishment or reestablishment of the cancer immunity
cycle. We calculated the activity related to tumor circulation.
The result is somewhat counterintuitive, although high-risk
group demonstrated significantly stronger activity than
low-risk group in several steps, including release of cancer
cell antigens (step 1), CD8 T cell recruitment (step 4.3),
and recognition of cancer cells by T cells (step 6); the
high-risk group demonstrated significantly less activity in
killing cancer cells (step 7) (Figure 6(a)). This phenomenon
may be explained by the positive correlation between
immune checkpoints and risk score, such as PD-L1

O
bs

er
ve

d 
O

S 
(%

)

Nomogram-predicted OS

0.0
0.0

0.2

0.2

0.4

0.4

0.6

0.6

0.8

0.8

1.0

1.0

(f)

O
bs

er
ve

d 
O

S 
(%

)

Nomogram-predicted OS

0.0 0.2 0.4 0.6 0.8 1.0
0.0
0.2
0.4
0.6
0.8
1.0

(g)

O
bs

er
ve

d 
O

S 
(%

)

Nomogram-predicted OS

0.0 0.2 0.4 0.6 0.8 1.0
0.0
0.2
0.4
0.6
0.8
1.0

(h)

Nomogram-predicted OS

O
bs

er
ve

d 
O

S 
(%

)

0.0
0.0

0.2

0.2

0.4

0.4

0.6

0.6

0.8

0.8

1.0

1.0

(i)

Nomogram-predicted OS

O
bs

er
ve

d 
O

S 
(%

)

0.0

0.0

0.2

0.2

0.4

0.4

0.6

0.6

0.8

0.8

1.0

1.0

(j)

Nomogram-predicted OS

O
bs

er
ve

d 
O

S 
(%

)

0.0

0.0

0.2

0.2

0.4

0.4

0.6

0.6

0.8

0.8

1.0

1.0

(k)

Figure 4: Independent prognosis analysis of risk score. (a, b) Multivariate COX Forest plot of risk score in TCGA and CGGA. (c)
Nomograph plot of predicted 1-, 3-, and 5-year overall survival probability based on prognosis lncRNAs. (d) ROC curves of prognostic
signature based on risk score in TCGA. (e) ROC curves of prognostic signature based on risk score in CGGA. (f–h) Calibration plots of
the nomogram for predicting the probability of OS at 1, 3, and 5 years in TCGA. (i–k) Calibration plots of the nomogram for predicting
the probability of OS at 1, 3, and 5 years in CGGA.
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Figure 5: Continued.
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(CD274), PD1 (PDCD1), and CTLA4 (Figures 6(b) and
6(c)). These findings indicated that high-risk group exerted
a strong immune-suppressive microenvironment. Thus, we
used “TIDE” web tool to predict the immune therapy
response. We found that the high-risk group had signifi-
cantly more immune dysfunction than low-risk group, and
there was no significant difference in immune exclusion
between the two groups (Figures 6(e) and 6(f)). In addition,
TIDE score of high-risk group was significantly higher than
that of the low-risk group (Figure 6(g)). These results sug-
gested that the low-risk group is more susceptible to
immunotherapy.

3.7. Necroptosis-Related lncRNA Signature in Prediction of
Chemotherapeutics Response. Furthermore, we predicted
the response of patients to 6 chemotherapeutic drugs includ-
ing A-443654 (Akt inhibitor), Gefitinib (EGFR inhibitors),
Temsirolimus (mTOR inhibitor), Trametinib (MEK inhibi-
tor), Bortezomib (proteasome inhibitor), and Pazopanib
(VEGF inhibitor). As illustrated in Figures 7(a)–7(f), the esti-
mated IC50 values for selected agents were lower in patients
with high-risk than low-risk group. These results may pro-
vide basis for the precise medication of glioma patients.

3.8. Molecular Classification Based on NRLs. Consensus clus-
tering was used to regroup TCGA and CGGA cohorts for
the expression profile of NRLs. According to the clustering
heat maps and CDF curve, the optimal clustering number
was determined to be k=2 (Figure 8(a)). Meanwhile, princi-
pal component analysis (PCA) and t-Distributed Stochastic

Neighbor Embedding (t-SNE) method plotted patients in
two-dimensional coordinate systems to demonstrate that
the two clusters in the training and verification cohorts
could be obviously distinguished (Figure 8(b), Fig S4). Clus-
ter 1 demonstrated worse overall OS compared to Cluster 2
(P < 0:01) (Figure 8(c)). The alluvial diagram depicted the
distribution of TCGA cohort across clusters and risk groups
(Figure 8(d)). Moreover, the risk score for Cluster 1 was sig-
nificantly higher than Cluster 2 (Fig S5). These results sug-
gested potential differences in biological behavior and
tumor microenvironment components between Cluster 1
and Cluster 2. Figure 8(e) shows a heat map of immune infil-
trated cells generated utilizing various algorithms. We
observed that Cluster 1 has stronger immune infiltration
than Cluster 2. It might result in different immunotherapeu-
tic responses. Therefore, we could consider Cluster 1 was
more susceptible to immunotherapy.

3.9. Validation of the Expression of Selected NRL. We
selected five NRLs to observe the difference in relative
expression between glioma and non-tumor brain tissues,
including LOXL1-AS1, CRNDE, FAM181A-AS1, SNAI3-
AS1, and LINC00641. The result is shown in Figure 9;
LOXL1-AS1, CRNDE, and FAM181A-AS1 were upregulated
with the increase of glioma malignancy, while SNAI3-AS1
and LINC00641 were downregulated. This result is consis-
tent with what we found in our bioinformatics analysis, sug-
gesting that the signature based on NRLs could be used to
predict the clinical outcome in glioma patients.
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Figure 5: Functional and enrichment pathways and immune microenvironment analysis. (a–c) HALLMARK, GO (BP), KEGG pathway
enrichment analyses in high-risk group. (d) The relationship between risk score and immune cell infiltration score. (e) Correlation of 22
types of immune cell subsets in the TCGA cohort. (f) The immune cell bubble of risk groups. (g–i) Correlation between risk score with
immune score, stromal score, and ESTIMATE score.
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4. Discussion

In the current study, 43 NRLs were identified as having
prognostic significance in TCGA and CGGA cohorts, and
13 of them were used to establish a NRLS for predicting
the survival outcome of glioma patients using LASSO Cox
method. Patients were divided into low- and high-risk
groups according to the risk score’s optimal cut-off value.
After adjustment for clinicopathological factors by multivar-
iate Cox analysis, NRLS can be applied as an independent
predictive factor. Then, the development of nomograms
assists clinicians in making clinical decisions. ROC curve
and calibration plots verified the robust performance of pre-
diction model. Further investigation was conducted into
GESA, immune infiltration, immunotherapy, chemotherapy
responses, and molecular subtype based on NRLS. Our find-
ings shed new light on the role of NRLs in diagnosis and
treatment of glioma.

The 5th edition of the WHO classification of central ner-
vous system tumors, published in 2021, integrates histologi-
cal and molecular phenotypes of glioma, established new
tumor classification standards, and emphasizes the impor-
tance of molecular diagnosis in tumor classification. This
update shows that intratumor molecular heterogeneity has
become a major consideration in formulating treatment
strategies [2]. For gliomas with the same grade and classifi-
cation diagnosis, patients still have different clinical out-
comes after standard treatment [28]. Necroptosis, as a
subtype of programmed inflammatory cell death, can be
detected in the necrotic area of the tumor [29]. Necroptosis
has been reported to have both protumorigenic and antitu-
morigenic effects at different stages of tumorigenesis, inva-
sion, and metastasis [30]. RIPK3 plays a crucial role in
necroptosis under a variety of circumstances [31]. Previous
studies have demonstrated that overexpression of RIPK3 is
related to the poor prognosis of glioma patients [32, 33].
Necroptosis is required for tumorigenesis in highly malig-

nant tumors [34, 35]. Several prediction models focused on
the aging gene, ferroptosis gene, and pyroptosis gene have
been developed in glioma. However, there is no report that
has been published to decipher the correlation between
NRLs and glioma. Here, the NRLS was constructed in this
study by identifying 13 NRLs that were significantly associ-
ated with the survival outcomes of glioma patients. In addi-
tion, the establishment of nomogram helps physicians make
clinical decisions.

In glioma, several of these NRLs had their biological
functions confirmed. CRNDE was found to be linked to
tumor progression and may serve as an independent prog-
nostic factor for patients with glioma [36, 37]. Further
research shows that CRNDE inhibition strengthens temozo-
lomide chemosensitivity in glioblastoma by modulating
PI3K/Akt/mTOR pathway [38]. FAM181A-AS1 was dem-
onstrated that enhanced proliferation and survivability of
glioma cells [39](p2). LINC00346 was confirmed to regulate
glioma angiogenesis, migration, invasion, and proliferation
[40, 41]. The expression of LINC00461 was significantly
increased in stem cell-like/anti-therapeutic GBM cells [42].
LOXL1-AS1 was also verified to increase the malignancy of
gliomas via regulation of the miR-374b-5p/MMP14 axis
[43]. Additionally, in our study, several genes previously
unreported in glioma have significant prognostic value,
necessitating more research.

Given the fundamental role in tumorigenesis, the gli-
oma immune microenvironment has gained substantial
attention [44, 45]. Recent reports have suggested that both
CD4+ and CD8+ T cell activities are inhibited when the
necroptotic is activated, resulting in antitumor immunity
being blocked [43]. Upregulation of RIPK1 in tumor-
associated macrophages (TAMs) also contributes to
immune tolerance and resistance or immunotherapeutic
[46]. Several IncRNAs have been investigated to modulate
necroptosis by acting as competitive RNAs that interact
with miRNA to influence the expression of target genes
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Figure 6: Cancer immunity cycle and Immunotherapy response analysis. (a) Correlation between the risk score and cancer immunity cycles.
(b–d) Correlation between the risk score and PD-L1, PD1, and CTLA4 expressions. (e–g) Comparisons of TIDE scores between the two
groups.
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[47, 48]. In our study, GO, KEGG, and Hallmark analyses
via GSEA were performed between the high- and low-risk
score groups. The majority of the results were immune-
related signaling pathways. These findings indicated that
immune status is different between high- and low-risk
groups, particularly in the inflammatory response. More-

over, ImmuneScore was positively and significantly associ-
ated with risk score. As a result, a high-risk score implies
a high level of immune infiltration. Necroptosis contrib-
utes to the infiltration of immunosuppressive cells such
as transformation of tumor-associated macrophages to
M2 phenotype in a STAT1-dependent manner, leading
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Figure 7: Predicted response of patients in TCGA cohort to chemotherapeutic agents in different risk groups.
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to tumor immune escape and immunotherapy resistance
[46]. Our findings indicated that high-risk patients exhib-
ited an immunosuppressive phenotype, with more infil-
trating M2 macrophages and Treg cells, as well as
overexpression of immune checkpoint gene, which is con-
sistent with previous studies [46]. Moreover, in our
research, we observed that patients in high-risk group
have worse response to immune checkpoint blockade
(ICB) immune therapy.

Then, pRRophetic algorithmwas employed topredict che-
motherapeutics response of several drugs including A-443654
(AKT inhibitor), Gefitinib (EGFR inhibitors), Temsirolimus
(mTOR inhibitor), Trametinib (MEK inhibitor), andBortezo-
mib (proteasome inhibitor). According to the findings, the
cases in the high-risk group were more sensitive to the drugs.

Furthermore, using the consensus clustering algorithm,
we identified two molecular patterns (Cluster 1 and Clus-
ter 2) based on NRLS in both TCGA and CGGA cohorts.
We observed that all the patients in Cluster 2 were in the
low-risk group and that the risk scores for Cluster 1 were
significantly higher than Cluster 2, indicating that the con-
sensus clustering method and the risk scoring system were
basically similar.

Despite the fact that we had used a variety of methods to
asset our model, there were still some flaws and deficiencies.
To begin, our current results are derived entirely from public
databases, and further experimental validation of our bioin-
formatics analysis is required. Additionally, the molecular
mechanism by which NRLs contribute to the development
and progression of glioma cells is unknown, necessitating
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Figure 9: Validation of the expression levels of selected NRLs in 5 non-tumor brain tissues and 11 glioma tissues. (a) LOXL1-AS1. (b)
CRNDE. (c) FAM18A-AS1. (d) SNAI3-AS1. (e) LINC00641.
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further investigation. Finally, all the non-tumor brain tissues
were obtained from temporal lobe, and more specimens
from different locations are needed to improve the reliability
of the results. In the future, we will collect additional sam-
ples to investigate the relationship between protein-level
gene expression and glioma prognosis.

5. Conclusion

On this basis, our current research develops a theoretical
foundation for NRLS prediction in glioma prognosis and
immunotherapeutic response. This novel score may also
reflect the state of NRLs and shed light on the close associa-
tion between NRLs and the immunosuppressive phenotype
in glioma. The robust NRLS-based risk score established in
this study may have predictive value in glioma diagnosis
and treatment from a clinical standpoint.
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This study was designed to investigate the application and therapeutic effect of antithrombotic elastic socks combined with air
pressure in the prevention of lower extremity deep venous thrombosis in patients undergoing cardiothoracic surgery. Sixty
patients in cardiothoracic surgery of our hospital from January 2019 to December 2020 were randomly divided into a study
group and control group. The control group was treated with routine treatment intervention. Based on routine treatment
intervention, the study group was treated with antithrombotic elastic socks combined with pneumatic treatment intervention.
The activated partial thromboplastin time (APTT), thrombin time (TT), femoral venous blood flow velocity of both lower
limbs, and the incidence of lower extremity deep venous thrombosis (LEDVT), postoperative lower extremity swelling,
inflammatory factors, and satisfaction were measured. After intervention, APTT (31:74 ± 1:15 s) and TT (14:58 ± 0:24 s) in the
study group were higher than those in the control group APTT (25:13 ± 1:14 s) and TT (12:14 ± 0:23 s) (P < 0:05). The left
lower limb femoral vein blood flow velocity and the right lower limb femoral vein blood flow velocity in the study group were
better than those in the control group (P < 0:05). The incidence of postoperative lower limb swelling and deep vein in the
study group was lower than that in the control group (P < 0:05). Serum tumor necrosis factor alpha and interleukin-6
concentrations in the study group were lower than those in the control group (P < 0:05). The satisfaction rate of patients in the
study group (93.33%) was significantly higher than that in the control group (70.00%) (P < 0:05). In conclusion, after
cardiothoracic surgery, antithrombotic elastic socks combined with air pressure can significantly reduce the incidence of
LEDVT by improving patients’ coagulation function, reducing inflammatory reaction. It is worthy of popularization and
application in relevant surgery.

1. Introduction

Venous thrombosis is often caused by trauma and surgery,
and abnormally coagulated blood can lead to partial or even
complete obstruction of vascular lumen. Lower extremity
deep venous thrombosis (LEDVT) is one of the most com-
mon surgical complications in clinic [1]. Surgical treatment
is one of the main treatment methods for lesions in the
esophagus, lungs, mediastinum, and other parts [2]. Cardio-
thoracic surgery is a clinical department mainly for major
surgical treatment, mostly for elderly patients, and the surgi-

cal site involves important organs of the human body. The
operation is complicated and traumatic, and the postopera-
tive recovery is slow, which requires long-term bed rest
and more complications. Cardiothoracic surgery, the patient
needs to stay in bed for a long time after operation, resulting
in slow and blocked blood reflux, which is very easy to be
complicated with deep venous thrombosis of lower limbs
[3]. LEDVT can lead to lower limb swelling, pain and other
symptoms, and even fatal pulmonary embolism, threatening
the life and health of patients. At present, the methods to
prevent deep venous thrombosis mostly take drugs or
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mote the blood circulation of lower limbs. However, it is dif-
ficult to control the dosage of drug prevention, which is easy
to cause postoperative bleeding [4, 5]. Various physical pre-
vention methods, including postoperative massage and elec-
trical stimulation of calf muscles, are sometimes difficult to
achieve the expected effect due to difficult control and large
individual differences. Similarly, muscle electrical stimula-
tion is difficult for most patients to accept because it
increases the discomfort of postoperative patients.

The antithrombotic elastic socks are designed according
to the characteristics of human physiological function, and
the pressure decreases gradually from the distal ankle to
the proximal end. The venous blood of the distal leg can
be pumped back to the heart to improve the blood circula-
tion of both lower limbs. The antithrombotic elastic socks
cover the foot to the knee, and the feet expose the toes,
which is the intervention to shrink calf muscles and prevent
venous filling. Meanwhile, the antithrombotic elastic socks
are convenient to observe the blood circulation and allow
blood to flow back to the heart through progressive pressure
[6, 7]. Pneumatic therapy is a kind of “physiological pump”
simulating artificial massage, which compresses the muscles
of both lower limbs by rapidly inflating and deflating the air
bag in a short time, so as to accelerate the blood reflux in the
venous cavity, accelerate the venous blood circulation, and
rapidly increase the blood perfusion and oxygenation speed
[8, 9]. Pneumatic therapy can increase the rate of venous
return to enhance the blood circulation of the lower limbs
and reduce the incidence of LEDVT [10].

The purpose of this study was to explore the application
and therapeutic effect of antithrombotic elastic socks com-
bined with pneumatic therapy in the prevention of lower
extremity deep venous thrombosis in patients undergoing
cardiothoracic surgery.

2. Data and Methods

2.1. General Information. A total of 60 patients admitted to
cardiothoracic surgery from January 2019 to December
2020 were randomly divided into a study group (n = 30)
and control group (n = 30). This study was approved by
the medical ethics committee of the hospital and obtained
the consent of the selected patients and their families, and
all patients signed the informed consent form. Inclusion cri-
teria were as follows: all patients need thoracic surgery, no
surgical contraindications, and good compliance. Exclusion

criteria were as follows: patients with coagulation dysfunc-
tion, heart and liver dysfunction, or cognitive impairment.

There was no significant difference in gender, age,
height, weight, operation time, and other general data
between the two groups (P > 0:05), as shown in Table 1.

2.2. Intervention Methods. Control group: routine nursing
prevention was adopted. Before operation, nurses explained
the principle and risk of lower extremity deep venous
thrombosis to patients and their families and made a com-
prehensive evaluation, explain the methods and significance
of prevention of postoperative deep venous thrombosis of
lower limbs, and inform the patients of perioperative diet
precautions and the significance of getting out of bed as soon
as possible after operation. After operation, patients are
encouraged to get out of bed early and step by step. The
whole process must be completed under the supervision
and guidance of nurses or accompanied by family members.
If the patient is not fit to get out of bed, the nurse shall assist
the patient in passive exercise after the condition is stable.
Specific methods are as follows: start from the distal small
joints of both lower limbs; perform flexion, extension, and
lifting in the order from toe to hip joint, three times a day,
20 minutes each time; and teach the family members.

Study group: on the basis of the control group, medical
elastic socks and pneumatic therapeutic instrument were
used for prevention. (1) Before operation, measure the thin-
nest and coarsest circumference of the patient’s lower leg,
and select medical elastic socks of appropriate specification
and length. The nurse shall help to wear medical elastic
socks to ensure that the toes are exposed. Pay close attention
to the tightness of medical elastic socks, the skin temperature
on the back of the foot, and the pulsation of the artery on the
back of the foot. During the period, pay attention to personal
hygiene and replace and clean them frequently. (2) Use of
pneumatic therapeutic instrument: the patient takes a flat
lying position, puts his lower limbs into the sleeve of pneu-
matic therapeutic instrument, and the sole of the foot
reaches the bottom of the sleeve with appropriate tightness.
The pressure is set to 25-180mmHg (1mmHg = 0:133
kPa). According to the manufacturer’s instructions, set the
ankle 45mmHg, lower leg 40mmHg, and thigh 30mmHg
to ensure the blood flow to the proximal heart. When inflat-
ing, start from the air bag at the distal end of the lower limb
and gradually inflate to the proximal end until the air bag at
the root of the thigh is inflated and all the air bags in the
sleeve are automatically and slowly vented [11]. The above
methods were performed twice a day for 30 minutes each

Table 1: Comparison of general data between the two groups.

Groups n Age (years)
Gender (n)

Height (cm) Body weight (kg) Operation time (min)
Male Female

Control group 30 64:63 ± 5:44 18 12 162:86 ± 7:62 66:77 ± 11:53 194:52 ± 44:63
Study group 30 64:93 ± 5:68 15 15 462:66 ± 9:12 69:63 ± 10:40 176:71 ± 43:52
P >0.05 >0.05 >0.05 >0.05 >0.05

2 Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

time until the fifth day after operation. In addition to bath-
ing or taking off and replacing in time in case of pollution,
it is necessary to keep wearing medical elastic socks until
the fifth day after operation, including functional exercise
in bed and out of bed activities. In the course of treatment,
closely observe the patient’s reaction, and stop treatment
immediately in case of complexion change, chest tightness,
palpitation, etc.

2.3. Observation Indicators

(1) Coagulation function index: 3mL of peripheral
venous blood sample was collected from each patient
before and after intervention. QLabs Electrometer
(Micropoint Biotechnologies, Guangdong, China)
was used to test the samples for activated partial
thromboplastin time (APTT) and thrombin time
(TT)

(2) Femoral vein blood flow velocity of both lower
limbs: the femoral vein blood flow velocity of both
lower limbs of the two groups was measured before
and after the intervention

(3) The incidence of LEDVT in the two groups was
recorded

(4) Lower extremity deep venous thrombosis: the
peripheral diameters of lower leg and thigh were
measured 1 day before operation and 1-3 days after
operation, and the postoperative lower limb swelling
of the two groups was comprehensively evaluated.
Deep veins of lower limbs: the same doctor with
ultrasonic diagnosis qualification shall detect the
deep veins of both lower limbs of the two groups
by ultrasonic detection on the first day before opera-
tion and the first to third days after operation, so as
to determine whether there is lower limb venous
thrombosis

(5) Tumor necrosis factor-α (TNF-α) and interleukin-6
(IL-6) were detected by ELISA as previously reported
[12]. The kit was produced by Shanghai Kanglang
Biotechnology Co., Ltd.

(6) Patients’ satisfaction was evaluated by self-made
questionnaire at discharge, including nursing staff’s
professional level, comfort, and working attitude.
The full score is 100 points. A score of 90-99, 75-
89, and less than 75 points meant that the patients
are very satisfied, satisfied, and dissatisfied,
respectively.

2.4. Statistical Analysis. The SPSS v20.0 software (IBM,
USA) was used for data analysis. The comparison between
the two groups of data adopts t-test, and all measurement
data are expressed by mean ± standard deviation
(mean ± SD). P < 0:05 is considered as the difference which
is statistically significant.

Table 2: Comparison of coagulation function indexes between the two groups before and after intervention (s, x ± s).

Groups n
APTT TT

Before intervention After intervention Before intervention After intervention

Control group 30 20:83 ± 1:44 25:13 ± 1:14 11:08 ± 0:31 12:14 ± 0:23
Study group 30 20:80 ± 1:45 31:74 ± 1:15 11:12 ± 0:27 14:58 ± 0:24
t 0.085 20.105 0.441 32.062

P >0.05 <0.05 >0.05 <0.05

Table 3: Comparison of blood flow velocity of the femoral vein of both lower limbs between the two groups before and after intervention
(cm/s, x ± s).

Groups n
Left lower limb (cm/s, x ± s) Right lower limb (cm/s, x ± s)

Before intervention After intervention Before intervention After intervention

Control group 30 14:08 ± 3:31 16:19 ± 4:02 14:06 ± 3:20 16:13 ± 4:21
Study group 30 14:11 ± 3:21 19:50 ± 5:03 14:01 ± 3:01 19:20 ± 4:18
t 0.039 3.402 0.066 2.722

P >0.05 <0.05 >0.05 <0.05

Table 4: Comparison of postoperative lower limb swelling and
deep venous thrombosis between the two groups (cases (%)).

Groups n
Postoperative lower limb

swelling
Deep venous
thrombosis

Control
group

30 8 (26.67) 6 (20.00)

Study
group

30 1 (3.33) 0 (0.00)

χ2 6.40 6.67

P <0.05 <0.05
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3. Results

3.1. Comparison of Coagulation Function Indexes between
the Two Groups before and after Intervention. Before the
intervention, there was no significant difference between
APTT and TT in the two groups (P > 0:05). After the inter-
vention of different modes, APTT and TT in the study group
were significantly better than those in the control group
(P < 0:05), as shown in Table 2.

3.2. Comparison of Blood Flow Velocity of the Femoral Vein
of Both Lower Limbs between the Two Groups before and
after Intervention. Before the intervention, there was no sig-
nificant difference in the blood flow velocity of the lower
limb femoral vein between the two groups (P > 0:05). After
the intervention of different modes, the blood flow velocity
of the lower limb femoral vein in the study group was signif-
icantly higher than that in the control group (P < 0:05), as
shown in Table 3.

3.3. Comparison of Postoperative LEDVT Incidence between
the Two Groups. There were 8 cases of postoperative lower
limb swelling and 6 cases of deep venous thrombosis in the
control group, with the incidence of about 26.67% and
20%. There was 1 case of postoperative lower limb swelling
and 0 case of deep venous thrombosis in the study group,
with the incidence of about 3.33% and 0.00%, which was sig-
nificantly lower than that in the control group (P < 0:05), as
revealed in Table 4.

3.4. Comparison of Serum Inflammatory Factor Expression
between the Two Groups. Before the intervention, there was
no significant difference between the serum inflammatory
factor indexes TNF-α and IL-6 in the two groups (P > 0:05
). After the intervention of different modes, the TNF-α and
IL-6 in the study group were significantly lower than those
in the control group (P < 0:05), as shown in Table 5.

3.5. Comparison of Patients’ Satisfaction with Treatment
between the Two Groups. The overall satisfaction rate of

the study group was 93.33%, significantly higher than
70.00% of the control group (P < 0:05), as shown in Table 6.

4. Discussion

Deep venous thrombosis (DVT) is one of the most common
perioperative complications, which can lead to pulmonary
embolism and can even be life-threatening. In patients with
pulmonary embolism, 90% of the thrombus is caused by the
falling off of the deep venous thrombosis of the lower limbs
and entering the pulmonary artery through the blood circu-
lation [13]. With the continuous improvement of diagnostic
technology, the incidence of the disease shows an increasing
trend, however. The occult onset and delayed diagnosis of
deep venous thrombosis may delay the best time of treat-
ment. Therefore, it is of great significance to take active mea-
sures to prevent deep venous thrombosis [14].

The surgical trauma of cardiothoracic surgery is gener-
ally large and the postoperative stay in bed is long, suggest-
ing that the prevention of postoperative deep venous
thrombosis is particularly important. In this study, the aver-
age ages of the two groups were 64:63 ± 5:44 years and
64:93 ± 5:68 years. Most of the patients are elderly patients,
with decreased cardiac output, slow blood flow, and even
stasis. In addition, the patient fasted for a long time before
operation, the body volume was relatively insufficient, and
the blood viscosity increased, which increased the risk of
postoperative deep venous thrombosis. Meanwhile, elderly
patients with reduced postoperative activity and long resting
time can cause slow blood flow; intraoperative operation and
deep vein catheterization can cause vascular injury.

The principle of antithrombotic elastic socks is to accel-
erate the speed of venous blood circulation, reduce venous
blood stasis, and then promote the blood circulation of the
lower limb veins, which can continuously and effectively
prevent lower limb deep venous thrombosis in patients
undergoing cardiothoracic surgery. Barotherapeutic instru-
ment, as a noninterventional therapeutic instrument, has
the same principle of action as manual massage. The

Table 5: Comparison of serum inflammatory factors between the two groups (x ± s).

Groups
TNF-α (ng/mL) IL-6 (pg/mL)

Before intervention After intervention Before intervention After intervention

Control group 2:86 ± 0:30 1:59 ± 0:21 24:65 ± 2:13 15:29 ± 0:95
Study group 2:81 ± 0:24 1:04 ± 0:32 26:65 ± 2:21 9:34 ± 0:88
t 0.668 5.241 0.012 6.214

P >0.05 <0.05 >0.05 <0.05

Table 6: Comparison of patient satisfaction between the two groups (n (%)).

Groups n Very satisfied Satisfied Dissatisfied Satisfaction rate

Control group 30 8 (26.67) 11 (36.67) 11 (36.67) 21 (70.00)

Study group 30 16 (53.33) 12 (40.00) 2 (6.67) 28 (93.33)

χ2 5.269

P <0.05
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mechanical pump is used to quickly inflate and exhaust the
air bag on the sleeve in a very short time to squeeze the
limbs, which can accelerate the blood circulation in the veins
of the limbs and improve the blood perfusion and oxygena-
tion of the limbs [15, 16]. Compared with manual massage,
pneumatic therapeutic instrument has the advantages of
simple operation, small individual difference, and no influ-
ence of body position. The research shows that the design
of different pressure gradient can increase the blood flow
rate and shorten the recovery time of skin temperature,
which is of positive significance to prevent the occurrence
of deep venous thrombosis after shell surgery. In addition,
this operation can also reduce the workload of its nurses,
so as to devote more energy to observing the changes of
the disease and perioperative nursing, and significantly
improve the satisfaction of patients with nursing work. By
comparing the postoperative lower limb swelling, the inci-
dence of postoperative deep venous thrombosis, hospitaliza-
tion time, and hospitalization expenses between the two
groups, we found that medical elastic socks combined with
pneumatic therapeutic instrument can significantly improve
the postoperative recovery, shorten the hospitalization time,
save medical expenses, and improve the postoperative qual-
ity of life.

The results showed that before the intervention, there
was no significant difference between APTT and TT, as well
the blood flow velocity of the lower limb femoral vein in the
two groups (P > 0:05). However, after the intervention of
different modes, APTT and TT in the study group were sig-
nificantly better than those in the control group (P < 0:05).
Meanwhile, the blood flow velocity of the femoral veins in
both lower limbs in the study group was significantly faster
than that in the control group (P < 0:05). The reasons may
be as follows: (1) the gradient pressure effect of antithrom-
botic elastic socks; (2) the compression frequency and infla-
tion time were adjusted in time, and the air pressure
gradually intervened in both lower limbs from the distal
end to proximal end, so as to improve the hemodynamic
indexes. Studies have shown that barotherapy can improve
the biological activity of plasmin, promote fibrinolysis,
inhibit the activation of procoagulant substances, and pre-
vent coagulation factors from adhering to the intima of
blood vessels. Our study showed that the incidence of post-
operative lower limb swelling and deep vein in the study
group was lower than that in the control group (P < 0:05).
IL-6 and TNF-α are important inflammatory factors that
mediate the process of platelet aggregation [17]. Some
scholars believe that inflammatory factors may play key roles
in the occurrence and development of LEDVT [18]. Consis-
tently, our study found that before the intervention, there
was no significant difference between the serum inflamma-
tory factor indexes TNF-α and IL-6 in the two groups
(P > 0:05). After the intervention of different modes, the
TNF-α and IL-6 in the study group were significantly lower
than those in the control group (P < 0:05). The decrease of
the IL-6 and TNF-α expression indirectly suggested that
the risk of LEDVT also decreases. In addition, our research
demonstrated that the overall satisfaction rate of the study
group was 93.33%, significantly higher than 70.00% of the

control group (P < 0:05). All the above findings indicated
that the use of antithrombotic elastic socks combined with
pneumatic treatment may play a good effect in the preven-
tion of LEDVT after cardiothoracic surgery.

5. Conclusion

The application of antithrombotic elastic socks combined
with pneumatic therapy in perioperative patients of cardio-
thoracic surgery can effectively reduce the incidence of lower
extremity deep venous thrombosis, improve patients’ coagu-
lation function, and improve satisfaction, which is worthy of
clinical application.
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Breast cancer (BC) ranks first in morbidity and mortality among female malignant tumors worldwide. This study is aimed at
clarifying clinical value of contrast-enhanced ultrasound (CEUS) in the diagnosis and differentiation of BC. A total of 108 BC
patients admitted to our hospital from January 2019 to December 2021 were enrolled. All patients underwent conventional
color Doppler ultrasound and CEUS imaging examination. All ultrasound images were analyzed by a senior (5+ years)
sonographer. The lesion location, echo, size, and color Doppler flow imaging (CDFI) blood flow distribution of benign and
malignant BC were assessed. The transverse and longitudinal diameters of malignant BC presented significant elevation
compared with the control group (P < 0:05). CEUS is more reliable than conventional ultrasound in the differentiation of
benign and malignant breast lesions, and CEUS has the best reliability. The comparison of CEUS observation indicators
between benign and malignant groups demonstrated that CEUS enhancement patterns (time and intensity) and morphological
features (lesion boundary, shape, range, homogeneity, and filling defect) presented statistical significance (P < 0:01). Irregular
shape and range expansion were high-specificity indicators (all >90.00%); fast-forward, high enhancement, clear boundary, and
range expansion were high-sensitivity (all >90.00%); and fast-forward, high enhancement, and clear boundary were low-
specificity indicators (all <50.00%); moderate sensitivity is as follows: homogeneous enhancement and range expansion (all
>80.00%). The area under curve of CEUS (0:735 ± 0:053) presented elevation relative to conventional ultrasound
(0:901 ± 0:024), with statistical significance (Z1 = 2:462, P < 0:05). Relative to conventional ultrasound, the specificity and
positive predictive value of CEUS presented elevation (P < 0:05). In conclusion, in the differentiation of benign and malignant
breast lesions, CEUS has better diagnostic accuracy and reliability than conventional ultrasound. The diagnostic advantages of
CEUS are to elevate the diagnostic specificity and positive predictive value and reduce the misdiagnosis rate.

1. Introduction

Breast cancer (BC) ranks first in morbidity and mortality
among female malignant tumors worldwide. The incidence
and mortality of BC in China are expected to continue to rise
for a long time in the future. BC can be detected, diagnosed,
and treated early through population screening, and the 5-
year survival of BC patients diagnosed at an early stage can
reach more than 90% [1]. Traditional breast imaging
methods include magnetic resonance imaging (MRI), mam-

mography (MG), and conventional ultrasound. MRI has
high resolution for soft tissue and has obvious advantages
in diagnosing multiple and small breast lesions. However,
because of its insensitivity to microcalcification, it has little
diagnostic value for early BC. Additionally, its examination
technique is complex and time-consuming, has many con-
traindications, and is expensive, which is mainly used as a
supplementary examination for difficult cases of MG and
conventional ultrasound diagnosis [2–4]. Conventional
ultrasound and MG are the most commonly used methods
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for breast tumor screening, but the imaging features of con-
ventional two-dimensional ultrasound and MG in some
early stage and BI-RADS grade III and IV BCs are not obvi-
ous; thus, diagnosis is difficult. Zhang et al. compared the
diagnostic performance of conventional gray-scale ultra-
sound, MG, and MRI for benign and malignant breast
lesions and found that MRI accuracy and sensitivity in diag-
nosing breast diseases were 86.9% and 95.5%, respectively,
whose diagnostic performance is better than conventional
gray-scale ultrasound and MG [5]. However, MRI cannot
dynamically observe the imaging features of lesions in real
time, and there are many contraindications, such as severe
contrastmedium allergy, toxic effects on kidneys, claustropho-
bia, and contraindications to metal implant examinations.

Pathological examination has been the gold standard for
diagnosis in cancer, and its role has also included the elucida-
tion of etiology, pathogenesis, clinicopathological correlation,
and prognostication. With the development of sophisticated
techniques of examination, pathologists have continued to
seek biological information regarding the different types of
breast cancer that are linked to clinical data such as overall
survival, disease-free survival, or quality of life, and they have
continued to develop methods for the earlier detection of
tumors and metastases [6].

Contrast-enhanced ultrasound (CEUS) is the use of con-
trast agents to strengthen contrast between blood vessels and
surrounding tissues. It can display tiny (<10μm), low-
velocity (< 1mm/s) blood flow in real time that cannot be
detected by conventional ultrasound and provide informa-
tion on microcirculation perfusion in the lesion and the fea-
tures such as number, thickness, shape, and spatial
distribution of new blood vessels, which has great advan-
tages in the differentiation of benign and malignant diseases
and has been widely used to qualitatively diagnose tumors of
the liver and other abdominal organs [7, 8].

In this study, we aimed to clarify the clinical value of
contrast-enhanced ultrasonography in the diagnosis and dif-
ferential diagnosis of BC.

2. Materials and Methods

2.1. General Data. A total of 108 BC patients admitted to our
hospital from January 2019 to December 2021 were enrolled.
This study was approved by the ethical approval and
obtained informed consent of all patients. 108 BC patients
were divided into 2 groups: malignant group (n = 68) and
benign group (n = 40). All patients underwent conventional
color Doppler ultrasound and CEUS imaging examinations,
all of which were single lesions. The average age of patients
was (53:37 ± 5:15) years old; the lesion diameter ranged
0.53-2.5 cm, average: (1:29 ± 0:41) cm. Inclusion criteria
were as follows: (1) those with BC confirmed by surgery
and pathology, (2) those who knew about this research,
and themselves and their families had no objection to partic-
ipating in the research and signed the relevant agreement in
advance. Exclusion criteria were as follows: (1) those compli-
cated with severe dysfunction of the heart, kidneys, or other
important organs; (2) those with mental disorders; and (3)

those with poor cooperation in clinical examination due to
physiological or psychological factors.

2.2. Methods. The PHILIPS EPIQ7 color diasonograph
(PHILIPS, USA) was used, with linear array probe frequency
of 5-12MHz. Microbubble ultrasound contrast agent Sono-
Vue lyophilized powder (BRACCO, Italy) was used as con-
trast agent, 0.9% sodium chloride solution was added
before use, and the suspension was shaken and left to stand
for use [9]. Specific methods were as follows: the patients
were instructed to take off the jacket and take the supine
position, and after the upper arm was abducted, the high-
frequency ultrasonography took the nipple as the center
and was scanned from transverse, oblique, and longitudinal
planes. The transverse and anterior-posterior long diameters
of the largest section of the lesion, as well as the location,
shape, boundary, and size of the lesion, were measured.
The Doppler flow imaging mode was chosen to evaluate
the blood flow of the lesions. The CEUS mode was chosen,
the probe was lightly placed on the skin surface and fixed,
and the focus was adjusted and kept at the same depth as
the lesion. The patients were instructed to maintain regular
breathing, bolus 2.4mL of contrast medium through the
cubital vein, and then the tube was flushed. The observation
time was set of more than 180 s, and the images were stored
in the ultrasound apparatus [10].

2.3. Ultrasound Observation Indicators. All ultrasound
images were analyzed by a senior (5+ years) sonographer.
Conventional ultrasound observed the location, echo, size
of breast lesions, and color Doppler flow imaging (CDFI)
of blood flow distribution, etc., in the lesions. The section
with the most abundant blood flow in the lesion was chosen,
and CEUS mode was switched to. After the contrast agent
was bolus injected through the median cubital vein, the
breast lesion enhancement time and the filling direction of
the contrast agent, whether there were perforating vessels
around the lesion, the peak time, peak enhancement degree,
lesion enhancement range after CEUS, enhancement mode,
lesion hyperenhancement duration, etc., were observed and
recorded.

2.4. Statistical Analysis. SPSS 21.0 software was used for data
processing. Measurement data were expressed as mean ±
standard deviation, and four-table count data were expressed
as frequency. (1) Taking the pathological diagnosis as the
“gold standard,” the sensitivity, specificity, positive and neg-
ative predictive values, misdiagnosis rate, and missed diag-
nosis rate of conventional ultrasound and CEUS were,
respectively, calculated, and the McNemar exact test based
on binomial distribution was used for comparison. (2)
Receiver operating characteristic curve (ROC) of the two
diagnostic methods was constructed, and Z test was per-
formed to compare the area under curve (AUC) differences
between the two. (3) Kappa consistency analysis with the
“gold standard” was used to compare the reliability of the
two diagnostic methods (kappa value < 0:40 meant poor
consistency; 0.40-0.75 meant moderate consistency; > 0.75
meant high consistency). (4) Pearson X or continuous
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correction X test was used to compare CEUS observation
indicators between groups. P < 0:05 was considered to be
statistically significant.

3. Results

3.1. Clinical and Pathological Findings. All patients under-
went needle biopsy or surgical treatment. Of the 108 breast
lesions, 68 were confirmed to be breast malignant tumors
by final pathological examination, including 53 invasive duc-
tal carcinomas and ductal carcinoma in situ (DCIS), 4
encapsulated papillary carcinoma, and 2 mucinous carci-
noma, while 40 were benign breast lesions, including 29
mastopathy and fibroadenoma, 8 intraductal papilloma,
and 3 inflammatory lesions.

3.2. Comparison of CEUS Parameters between Benign and
Malignant Breast Lesions. The changes of transverse and
longitudinal diameters of malignant BC both presented ele-
vation relative to benign one before and after CEUS
(P < 0:05, Figure 1).

3.3. Reliability Comparison of Two Diagnostic Methods.With
pathological diagnosis as the “gold standard,” the kappa
analysis of the two diagnostic methods and the “gold stan-
dard” demonstrated the moderate consistency of conven-

tional ultrasound with “gold standard” (kappa value = 0:571)
and the high consistency of CEUS with “gold standard”
(kappa value = 0:875, P < 0:01), suggesting that CEUS may
be more reliable than conventional ultrasound in the differen-
tiation of benign and malignant breast lesions, and CEUS had
the best reliability, as shown in Table 1.

3.4. Comparative Analysis of CEUS Observation Indicators
and Pathological Diagnosis. The comparison of CEUS obser-
vation indicators between benign and malignant groups
demonstrated that, except for the enhancement order
(P = 0:154), CEUS enhancement patterns (time and inten-
sity) and morphological features (lesion boundary, shape,
range, homogeneity, and filling defect) presented statistical
significance (P < 0:01).

Among them, irregular shape and range expansion were
high-specificity indicators (all >90.00%); fast-forward, high
enhancement, clear boundary, and range expansion were
high-sensitivity indicators (all >90.00%); fast-forward, high
enhancement, and clear boundary were low-specificity indi-
cators (all <50.00%); moderate sensitivity was as follows:
homogeneous enhancement and range expansion (all
>80.00%).

It could be seen that CEUS image features may be used
as an effective diagnostic indicator for benign and malignant
breast lesions. However, the sensitivity and specificity within
a single indicator and among multiple indicators vary
greatly, and the improvement of accuracy depends on the
combination of multiple indicators, as shown in Table 2.

3.5. AUC Comparison of Two Diagnostic Methods. Taking
the sensitivity of conventional ultrasound and CEUS for
the diagnosis of 68 lesions as the ordinate, and the 1-
specificity as the abscissa, two ROC curves were constructed,
and the AUCs were 0:735 ± 0:053 and 0:901 ± 0:024, respec-
tively. CEUS curve was closer to the upper left of the coordi-
nate, and CEUS and AUC presented elevation relative to
conventional ultrasound, with statistical significance
(Z1 = 2:462, P < 0:05), indicating that CEUS may be more
valuable than conventional ultrasound in identifying benign
and malignant breast lesions (Figure 2).

3.6. Accuracy Comparison of Two Diagnostic Methods. The
McNemar exact test demonstrated that relative to conven-
tional ultrasound, the specificity and positive predictive
value of CEUS presented elevation (P < 0:05), whereas sensi-
tivity and negative predictive value presented no difference
(P > 0:05). It could be seen that elevating specificity and pos-
itive predictive value and reducing misdiagnosis rate were
the diagnostic advantages of CEUS (Table 3).

4. Discussion

CEUS is a pure blood pool imaging technique. The size of
the contrast agent used (about 2-6μm in diameter) is com-
parable to that of red blood cells, and it cannot penetrate
the vascular endothelial cell space to enter the surrounding
tissue. It can display the microcirculation perfusion of
lesions and surrounding tissues in real time and anatomical
morphological characteristics such as the number, shape,
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Figure 1: CEUS parameters of benign and malignant breast
lesions. Note: ∗P < 0:05, compared with benign tumor.

Table 1: Reliability comparison of two diagnostic methods.

Diagnostic methods

Pathological
examination results Kappa

value
P

Malignant
(n = 68)

Benign
(n = 40)

Conventional
ultrasound

0.571

Malignant 40 18

Benign 28 22

CEUS 0.875 <0.01
Malignant 56 12

Benign 12 28

Total 68 40
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and spatial distribution of new blood vessels and indirectly
reflect the hemodynamic characteristics through the
enhancement mode, which has unique advantages in the dif-
ferentiation of benign and malignant lesions [11]. In our
study, the changes of transverse and longitudinal diameters
of malignant BC both presented elevation relative to benign
one before and after CEUS (P < 0:05).

In recent years, relevant studies have revealed that CEUS
diagnostic performance in benign and malignant breast
lesions is similar to or even slightly better than enhanced
MRI [12, 13]. CEUS examination is more and more widely

used clinically because of its simplicity, real-time dynamic
observation, the ability to repeat multiple examinations,
etc. The second-generation “pure blood pool” CEUS con-
trast agent represented by SonoVue can enter the breast tis-
sue and capillary network of lesions and clearly and
accurately display the microcirculation blood perfusion of
lesions and surrounding glands in real time, which is helpful
for diagnosis and differentiation of BC [14, 15]. Consistently,
our study found that the kappa analysis of the two diagnostic
methods and the “gold standard” demonstrated the moder-
ate consistency of conventional ultrasound with “gold stan-
dard” (kappa value = 0:571) and the high consistency of
CEUS with “gold standard” (kappa value = 0:875), suggest-
ing that CEUS may be more reliable than conventional ultra-
sound in the differentiation of benign and malignant breast
lesions, and CEUS had the best reliability.

Table 2: The independent diagnostic efficacy of each CEUS observation indicator.

CEUS evaluation indicator
Pathological diagnosis (N)

Sensitivity Specificity P
Malignant Benign

Enhancement time < 0.01

Fast-forward 64 14 96.77 34.29

Same or slow-forward 4 26

Enhancement intensity

High enhancement 62 21 94.24 41.03

Low or no enhancement 6 19

Enhancement order 0.154

Centripetal 48 18

Noncentripetal 20 22

Lesion boundary < 0.01

Clear 68 24 100.00 17.95

Difficult to distinguish 0 16

Lesion shape < 0.01

Irregular 58 11 67.74 90.63

Regular 10 29

Enhancement homogeneity < 0.01

Inhomogeneous 62 17 83.87 56.41

Homogeneous 6 23

Range expansion < 0.01

Yes 61 11 90.65 90.63

No 7 29

Filling defect < 0.01

Yes 20 5 72.26 89.74

No 48 35
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Figure 2: AUC of two diagnostic methods.

Table 3: Accuracy of two diagnostic methods.

Diagnostic
methods

Sensitivity Specificity
Negative
predictive
value

Positive
predictive
value

Conventional
ultrasound

80.65 61.55 80.00 62.50

CEUS 83.87 89.74 87.50 86.67
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Although many domestic and foreign scholars have
studied the CEUS sonographic features of breast malignan-
cies, there is still a lack of unified diagnostic criteria, which
limits the wide application of CEUS in breast diseases. CEUS
is helpful for the diagnosis and differentiation of benign and
malignant breast diseases [16, 17]. Herein, the BC enhance-
ment range on CEUS was larger than that of conventional
ultrasound. Breast malignancies are affected by vascular
endothelial growth factor receptors, and there are many
new microvessels around the tumor, which continuously
infiltrate and grow into surrounding tissues. Thus, breast
malignancy lesions are larger in CEUS than conventional
gray-scale ultrasound, while benign breast lesions on CEUS
presented no marked change in range relative to conven-
tional gray-scale ultrasound [18].

Z test for AUC of two diagnostic methods demonstrated
that CEUS had a higher diagnostic value (AUC: 0:901 ±
0:024), while conventional ultrasound had the lowest diagnos-
tic value (AUC: 0:735 ± 0:053), with statistical significance. It
is concluded that CEUS is superior to conventional ultrasound
in terms of diagnostic accuracy, which is consistent with find-
ings of Della and Arcovito [19]. There is a CEUS evaluation of
irregular shape and inhomogeneous enhancement as malig-
nant signs. The pairwise comparison of accuracy of three diag-
nostic methods by McNemar’s exact test demonstrated that
CEUS remarkably elevated diagnostic specificity and positive
predictive value and reduced misdiagnosis rate, further vali-
dating the view of Chou et al. [20]. Though CEUS did not have
obvious advantages in diagnostic sensitivity, negative predic-
tive value, and missed diagnosis rate, CEUS correctly diag-
nosed many cases of BC classified as benign tumor by
conventional ultrasound, avoiding delay in treatment due to
missed diagnosis.

There are also some limitations in this study. First, some
other factors may lead to these results, such as small sample
size of this study and personal reasons of sonographers. Sec-
ond, the CEUS real-time dynamic picture was not provided
to show the pathological condition of BC patients. Thus,
these interference factors will be avoided as possible as we
can in the future study.

In conclusion, CEUS was superior to conventional ultra-
sound in diagnostic accuracy and reliability of benign and
malignant breast lesions. The diagnostic advantage of CEUS
was to elevate diagnostic specificity and positive predictive
value and reduce misdiagnosis rate.
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Purpose. We performed a genome-wide analysis of long noncoding RNA (lncRNA) expression to identify novel targets for the
further study of recombinant human erythropoietin (rhEPO) treatment of acute spinal cord injury (SCI) in rats. Methods. Nine
rats were randomly divided into 3 groups. No operation was performed in group 1. In groups 2 and 3, a laminectomy was
performed at the 10th thoracic vertebra, and a contusion injury was induced by extradural application of an aneurysm clip.
Group 1 rats did not receive any treatment, group 2 rats received a single intraperitoneal injection of normal saline, and group
3 rats received rhEPO. Three days after injury, spinal cord tissues were collected for RNA-Seq, microarray, differentially
expressed genes (DEGs), Gene Ontology (GO) function enrichment, Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment, and protein-protein interaction (PPI) analyses. Results. Compared with group 1, 4,446 genes were found
to be differentially expressed in group 2. Furthermore, 99 lncRNAs were found to be changed in the injury group. The data
indicate that 2,471 mRNAs were upregulated, and 1,975 mRNAs were downregulated in group 2 as compared with group 1. In
addition, 45 of the lncRNAs were upregulated, and the other 44 lncRNAs were downregulated. The top 5 upregulated and top
5 downregulated lncRNAs that were different between group 2 and group 1 are shown. The top 5 downregulated and the top 5
upregulated lncRNAs that were different between group 3 and group 2 are shown. Conclusion. RhEPO treatment alters the
expression profiles of the differentially expressed lncRNAs and genes beneficial to the development of new treatments.

1. Introduction

Spinal cord injury (SCI) is a global health problem, and each
year, there are 15 to 40 acute SCIs per million persons com-
monly caused by high falls, community violence, recrea-
tional activities, and traffic accidents [1]. SCI can lead to
serious damage to the nervous system, including quadriple-
gia and paraplegia, which seriously affect quality of life [2].
The pathophysiological mechanisms of SCI are complex
and involve ischemia-reperfusion leading to endothelial dys-
function and vascular permeability changes, which induce a

cascade of inflammation and subsequent neuronal death and
loss of neurological function [3].

Although much research has been devoted to elucidate
the complex pathophysiological processes that follow SCI,
no definitive treatments have been developed. Early decom-
pression surgery can have a positive impact on outcomes.
The only pharmacological treatment that is known to ame-
liorate neurologic dysfunction after SCI is methylpredniso-
lone (MP). Therefore, new therapeutic strategies to
promote functional recovery in SCI patients are necessary,
and a better understanding of the cellular and molecular
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mechanisms of SCI may help in the development of new
treatments [4].

Erythropoietin (EPO), also known as red blood cell
(RBC) stimulating factor, is a human endogenous glycopro-
tein hormone that stimulates RBC production. The produc-
tion of EPO is stimulated in a hypoxic environment, and
EPO is used clinically for the treatment of anemia associated
with renal insufficiency [5]. In a prior study, we reported
that recombinant human erythropoietin (rhEPO) reduced
apoptosis and inflammation and promoted myelin repair
and functional recovery following compressive SCI in rats
and that delayed treatment is equally effective [6]. To our
knowledge no specific cellular and molecular studies have
been undertaken to understand the mechanism by which
rhEPO helps repair SCI.

Long noncoding RNAs (lncRNAs) [7] are RNA tran-
scripts longer than 200 nucleotides that lack protein coding
ability. Compared to well-studied protein-coding genes, the
function of most lncRNAs has not been elucidated, even
though a large number of genes have been identified [8, 9].
However, recent studies indicated that lncRNAs are impor-
tant regulatory molecules in the human genome, which exert
their biological control in various ways [10, 11]. lncRNAs
have been associated with cell proliferation, survival, and
differentiation, genomic stability, and chromatin remodeling
[12–14]. With the development of high-throughput
sequencing technology, more and more lncRNAs have been
identified, and a recent study showed that lncRNA deregula-
tion is an important factor in various nervous system pathol-
ogies and that it may play a crucial role in SCI [15].

Thus far, no studies have focused on the differential
expression of lncRNAs and mRNAs in SCI treated with
EPO. Thus, the purpose of this study was to examine differ-
entially expressed lncRNAs and mRNAs by transcriptome
sequencing (RNA-seq) in SCI tissues in a rat model treated
with rhEPO. Data from this study may help the development
of novel treatments for SCI.

2. Materials and Methods

2.1. Animals. The study protocols conformed to the Guide
for the Care and Use of Laboratory Animals from the
National Institutes of Health and were approved by the Ani-
mal Care and Use Committee of Southern Medical Univer-
sity. Nine adult male Sprague–Dawley rats (220–260 g)
were purchased from the Animal Center of Southern Medi-
cal University. All rats were housed 3 per cage under
temperature-controlled conditions, with a 12 h light/dark
cycle, and had free access to tap water and food.

2.2. Experimental Design. The 9 rats were randomly divided
into 3 groups: group 1, blank control group; group 2, SCI
group; group 3, rhEPO treatment group. All rats were con-
tinuously observed and fed for 3 days prior to the
experiments.

No procedures were performed on the rats in group 1.
They were fed and had free access to water. In group 2, a
laminectomy was performed at the 10th thoracic vertebra,
and contusion injury was induced by extradural application

of an aneurysm clip. The spinal cord was clamped for 30 sec-
onds. Penicillin (1,200,000U/kg, intramuscular) was given
immediately after injury for preventing infection of the sur-
gical incision. An intraperitoneal injection of normal saline
(5ml/kg) was given within 2 hours of the injury and
repeated for the next 3 days. Group 3 rats received the same
injury as group 2 rats. In group 3, a rhEPO intraperitoneal
infusion (3000U/kg) was given within 2 hours of the injury,
and the same rhEPO infusion was given for the next 3 days.
As in group 2, penicillin was given immediately after the
injury.

Three days after SCI, spinal cord tissue was collected
from each rat for the experiments described below.

2.3. Surgical Procedures. Rats were deeply anesthetized with
an intraperitoneal pentobarbital injection (40mg/kg) and
were fixed in the prone position. Back hair on the surgical
area was removed with electric shaver, and the area was dis-
infected with 3% iodophor. After locating the T10 spinous
process, a 2 cm midline incision was made on the midline
of the back from the T8 to T12 vertebrae. The overlying
musculature was separated laterally, and the spinal cord
was exposed by a complete T10 level laminectomy. Subse-
quently, the spinal cord was subjected to extradural com-
pression with a temporary aneurysm clip (70g force;
65821T; Rebstock, Dürbheim, Germany) for 30 seconds to
induce a crush injury. The surgical site was closed using
nondegradable sutures after removing the aneurysm clip,
and then, the closed skin incision was disinfected again with
3% iodophor. During the procedure, body temperature was
maintained with a heat lamp.

After surgery, all rats received 2ml of 10% glucose solu-
tion, tramadol hydrochloride (50mg/kg) for postoperative
analgesia, and penicillin (800,000U/kg) by intramuscular
injection to prevent infection of the surgical incision. The
rats were returned to their cages after they completely recov-
ered from anesthesia.

The rats were fed normally with food and water for 3
days, and manual bladder evacuation was performed 3 times
a day. On the third postoperative day, the wound was recut
and 1 cm of spinal cord tissue was taken from the exposed
spinal cord and rapidly frozen in liquid nitrogen. After the
sample was completely frozen, it was stored in an airtight
container at -80°C until RNA extraction.

2.4. RNA Extraction. RNA was extracted from spinal cord
tissue using the TRIzol method, according to the manufac-
turer’s instructions.

2.5. Microarray Analysis. The mRNA in spinal cord tissue
samples was enriched with magnetic beads with the probe
named oligo (dT). Subsequently, fragmentation buffer was
added to break the mRNA into short fragments, and the
mRNA was used as a template to synthesize cDNA using
random hexamers. Double-stranded cDNA was then syn-
thesized by the addition of buffer, dNTPs, and DNA poly-
merase I and RNase H. The double-stranded cDNA was
then purified using AMPure XP beads.
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Purified double-stranded cDNA was repaired, A-tailed,
and ligated to the sequencing linker, and fragment size was
selected using AMPure XP beads. Finally, PCR amplification
was carried out, and the PCR product was purified with
AMPure XP beads to obtain a final library.

After the library was constructed, preliminary quantifi-
cation was performed using a Qubit 2.0 fluorometer (USA,
Invitrogen), and the insert size of the library was subse-
quently detected using an Agilent 2100 bioanalyzer (USA,
Agilent). After the insert was determined to be consistent
with expectations, q-PCR was used to accurately quantify
the effective concentration of the library to ensure library
quality. After the quality of the library was confirmed, the
high-throughput sequencing was conducted.

The raw reads, the data by sequencing, need to be filtered
to eliminate low-quality reads in order to ensure the quality
of the information analysis. The subsequent data obtained is
recorded as total data. By removing the known ribosomal
RNAs from the total data (28S rRNA, 18S rRNA, 12S rRNA,
5.8S rRNA, and 5S rRNA), high-quality, clean data was
obtained. The ribosomal RNA that was removed was identi-
fied using the database of the National Center for Biotech-
nology Information (NCBI, https://www.ncbi.nlm.nih.gov).
Subsequent microarray profiling was performed by the
Boyue Biotechnology Company (Wuhan, China).

2.6. qRT-PCR Validation of Microarrays. To confirm the
repeatability of the microarray assays, 6 additional rats were
divided into 2 groups and treated the same as the rats in
group 2 (SCI group) and group 3 (SCI+rhEPO group),
respectively. After total RNA was extracted from the spinal
cord of the 6 rats, qRT-PCR assays were performed. Briefly,
the qRT-PCR assays consisted of 2 steps, RNA reverse tran-
scription (RT) and qPCR detection. First, the PrimeScript™
RT reagent Kit with gDNA Eraser (TAKARA) was used to
synthesize cDNA according to the manufacturer’s instruc-
tions after removing the genomic DNA. RT-PCR was then
performed using SYBR® Premix Ex Taq™ II (TAKARA).
The reaction system consists of 10μl SYBR® Premix Ex
Taq™ II, 0.4μl PCR Forward Primer (10μM), 0.4μl PCR
Reverse Primer (10μM), 2μl cDNA, and 7.2μl ddH2O.
The primer sequences were designed and synthesized in
the laboratory by the Guangzhou cm biotechnology and
are listed in Table 1. The reaction conditions were: 95°C
for 10minutes; a total of 40 cycles at 95°C for 15 seconds
and 60°C for 20 seconds. Each sample tested in triplicate.
Gene expression levels were normalized to glyceraldehyde
3-phosphate dehydrogenase (GAPDH) using the ΔΔCT
method. Finally, Student’s t-test was used to examine differ-
ences between the 2 groups, and values of p < 0:05 were con-
sidered statistically significant.

2.7. Differentially Expressed Gene (DEG) Analysis and Gene
Ontology (GO) Enrichment Analysis. DEG analysis refers to
the identification of genes with significant differences in
expression levels between different sample groups. The clean
data was analyzed using the DESeq2 package (http://www
.bioconductor.org/packages/release/bioc/html/DESeq2
.html) in the R programming language (version 3.60)

because our sample had only 3 per group [16]. When the
biological repeat reaches 5 to 10, a better choice is to use a
nonparametric method.

DESeq2 is the most popular statistical method to analyze
DEGs, and it can estimate variance-mean dependence in
clean data, and test for differential expression based on a
model using a negative binomial distribution. The log2-
fold change (log2FC) and p values of the genes were calcu-
lated [17]. A gene was considered to be a DEG when the
log2FC was >1 and the p value was <0.05. The lncRNA
information was then extracted from DEG analysis result
based on the lncRNA annotation information provided in
the reference genome annotation file.

GO enrichment analysis is used to annotate genes and
gene products and to provide gene function classification
labels and background knowledge of gene function and has
become a common approach for sequencing data processing
[17–19]. GO enrichment analysis can be divided into 3 parts:
molecular function (MF), biological process (BP), and cell
composition (CC). GO annotation information of genes
can be found by searching the GO database by species and
genetic information. Based on the GO annotation of a gene,
all of the genes of the species can be selected as background
genes, and p values can be calculated using statistical
methods. As such, distribution information and the signifi-
cance of the gene collection of the GO category can be
obtained.

To gain further insights into the changes of biological
pathways in the cells of SCI rats, Kyoto Encyclopedia of
Genes and Genomes (KEGG analysis) was performed.
KEEG is a database of biochemical reactions, signaling path-
ways, metabolic pathways, and biological processes and can
be used to identify the significant pathways associated with
DEGs.

The clusterprofiler package (https://bioconductor.org/
packages/release/bioc/html/ clusterProfiler.html) in the R
programming language (version 3.60) allows 2 methods of
analysis. In the analyses in this study, a value of p < 0:05
was considered to indicate statistical significance.

Table 1: The list of primers for qRT-PCR.

Primer Sequence (5′to 3′)
Actin b-F GTGATGGACTCCGGAGACG

Actin b-R GTGGTGAAGCTGTAGCCACG

Ccl5-F GAAGATCTCCACAGCTGCATC

Ccl5-R GTGACAAAGACGACTGCAAGG

Ppbp-F CTTCAGACTCAGACCTACATC

Ppbp-R CCACATTGTCACAGTGCGC

Ahsp-F CTCATGCCTGAAGAAGACATG

Ahsp-R CAGAATGATCCTGTATTTGGC

Plk5-F GCACCACCGCAACATCGTG

Plk5-R GGTCACCTATCTTAACTTCCATG

Mmp7-F GGACTGCAGACATCATAATTGG

Mmp7-R GTGGCCAAGTTCATGAGTGG

Esrp2-F GGGATGACAAACCACTAGCTG

Esrp2-R CTTGCCCTCTGGTATTCACTG
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The Search Tool for the Retrieval of Interacting Genes
(STRING, http://string-db.org/) is a database that aims to
provide a critical assessment and integration of PPI, includ-
ing direct (physical) and indirect (functional) associations
[20]. In the PPI network built using the STRING online tool,
each node signifies a gene, and the edges indicate interac-
tions between nodes. The degree is defined as the number
of edges linked to a given node.

Cytoscape is software that provides data integration and
network visualization [21], especially in respect to the pro-
cessing of databases of protein-protein interactions [22]. In
the current study, the cytoHubba plug-in of Cytoscape (ver-
sion 3.61) was used to screen the hub genes from the PPI
network, and a node degree of ≥10 was screen as the hub
genes from the PPI.

3. Results

3.1. Screening and Identification of DEGs. DEGs between
samples were selected by differential multiples (log 2FC > 1
) and a significance level of p < 0:05. Compared with group
1, 4,446 genes were found to be differentially expressed in
group 2. Furthermore, 99 lncRNAs were found to be chan-
ged in the injury group. The data indicate that 2,471 mRNAs
were upregulated, and 1,975 mRNAs were downregulated in
group 2 as compared with group 1. In addition, 45 of the
lncRNAs were upregulated, and the other 44 lncRNAs were
downregulated (Table 2). A volcano plot was created that
visually showed how the expressions of the lncRNAs and
mRNAs changed dramatically (Figure 1).

A comparison of group 3 with group 2 identified 228
DEGs. Furthermore, 14 lncRNAs were found to be changed
in group 3 as compared with group 2 (Table 2).

Cluster analysis of DEGs was used to determine the clus-
tering pattern of DEGs in the different groups. The top 50
genes with the largest variance in expression between the
different groups, including the known lncRNAs and
mRNAs, were used for cluster analysis (Figure 2).

3.2. qRT-PCR. To further confirm the accuracy of the micro-
array assays, 6 differentially expressed mRNAs, including 3
upregulated mRNAs (Ccl5, Ppbp, and Ahsp) and 3 down-
regulated mRNAs (Plk5, Mmp7, and Esrp2), were randomly
selected for qRT-PCR analysis to compare between group 3
(SCI + rhEPO group) and group 2 (SCI group).

As shown in Figure 3, the expression patterns of the
selected mRNAs were consistent with the mRNA-seq results
(p < 0:05 for each mRNA, Student’s t test). These results
indicated that the microarray were highly reliable.

3.3. Top Differentially Expressed lncRNAs between the
Groups. The top 5 upregulated and top 5 downregulated
lncRNAs that were different between group 2 and group 1
are shown in Table 3. The top 5 downregulated and the
top 5 upregulated lncRNAs that were different between
group 3 and group 2 are shown in Table 4.

3.4. GO and KEGG Pathway Enrichment Analyses. The gene
function enrichment analysis was divided into 2 steps: gene
function annotation and enrichment analysis. The 3 GO
domains used to describe the gene product attributes were
MF, BP, and CC (molecular function, biological process,
and cell composition, respectively). GO analysis was per-
formed for the DEGs between group 2 and group 1, and
the top 15 are shown in Figure 4(a). As shown in the figure,
the biological processes of the DEGs were primarily associ-
ated with positive regulation of the immune response, regu-
lation of vesicle-mediated transport, regulation of leukocyte
activation, wound healing, regulation of transmembrane
transport, and other significant biological processes in SCI.
In addition, the main 15 KEGG enrichment pathways were
related to Epstein-Barr virus infection, focal adhesions, the
calcium signaling pathway, retrograde endocannabinoid sig-
naling, osteoclast differentiation, platelet activation, and sys-
temic lupus erythematosus (SLE) and were highly
significantly correlated with SCI (Figure 5(a)).

Furthermore, GO and KEGG enrichment analyses were
performed between group 3 and group 2 to gain further
insights into the changes of biological pathways associated
with rhEPO treatment of SCI. GO enrichment analysis
reveals 15 significant metabolic networks, including leuko-
cyte chemotaxis, myeloid leukocyte migration, granulocyte
migration, granulocyte chemotaxis, neutrophil migration,
and other biological processes that were significantly
enriched in group 3 (Figure 4(b)). KEGG enrichment analy-
sis indicated that the enriched DEGs were associated with
cytokine-cytokine receptor interaction, the chemokine sig-
naling pathway, human cytomegalovirus infection, IL-17
signaling path, malaria, and herpes simplex infection
(Figure 5(b)).

3.5. PPI Network Construction. Based on data from the
STRING database with medium confidence (data chosen
had a minimum required interaction score of >0.4), a PPI
network with 809 nodes and 5,081 edges was constructed
between group 2 and group 1 and was visualized using
Cytoscape (Figure 6).

In the PPI network, 10 nodes were selected as hub genes
using the Maximal Clique Centrality (MCC) method, which
is available in the cytoHubba plug-in of Cytoscape. The hub
genes were fibronectin 1 (FN1), protein tyrosine

Table 2: The differential expression profile of the known mRNAs and lncRNAs.

Group
mRNA lncRNA

Upregulation Downregulation Upregulation Downregulation

G2 vs. G1 2471 1975 45 54

G3 vs. G2 151 76 9 5

The number of this table represented the quantity of differential expression of lncRNAs and mRNAs.
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Figure 1: In the volcano diagram, each point represents a gene, and the X-axis represents the logarithm of the multiple of the difference in
expression of a certain gene in the two samples; the Y-axis represents the statistically significant negative logarithm of the gene expression
change. The larger the absolute value of the X-axis, the greater the fold change in expression between the two samples; the larger value of Y
-axis, the more significant the differential expression, and the more reliable the DEGs obtained by screening. The blue dots (fold change < −1
) in the figure represent downregulated DEGs, the red dots (fold change > 1) represent upregulated DEGs, and the grey dots represent non-
DEGs.
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phosphatase receptor type C (PTPRC), cluster of differentia-
tion 4 (CD44), cell division cycle 20 (CDC20), TYRO pro-
tein tyrosine kinase-binding protein (TYROBP), aurora
kinase B (AURKB), toll-like receptor 2 (TlR2), angiotensino-
gen (AGT), Rac family small GTPase 2 (RAC2), and matrix
metallopeptidase 9 (MMP9). Of the 10 hub genes, FN1 had
the highest score of 108 (Table 5).

Similarly, a comparative study of group 3 and group 2
was conducted using the same methods. The constructed
PPI network had 70 nodes and 129 edges (Figure 7). The
top 10 key genes are shown in Table 6.

4. Discussion

In most cases, SCI is a disabling and irreversible disease that
is associated with great social and economic cost to families
and society [23]. SCI is a complex biological process that

includes both primary and secondary damage and involves
the nervous, immune, and vascular systems [24]. The initial
mechanical trauma can lead to neuron necrosis and apopto-
sis, and the secondary damage often worsens the injury [25,
26]. Active research of SCI has made slow but consistent
progress with respect to developing new treatments. With
respect to mRNA and lncRNA, a recent study by Jin et al.
[27] identified significant DEGs at 3 days, 2 weeks, and 1
month following SCI. Based on the results of Jin’s study,
we choose 3 days post-SCI as the time point of our study.

Our results demonstrated that the expressions of certain
mRNAs and lncRNAs were dramatically changed 3 days
after SCI. Furthermore, we identified 10 key genes in the
injury group (group 2) and the rhEPO treatment group
(group 3) that may play an important role in early acute
phase of SCI. These genes may assist in further research of
SCI and the development of new treatments.
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The genes in the injury group (group 2) with significant
changes in expression profiles were associated with the pos-
itive regulation of the immune response, regulation of
vesicle-mediated transport, regulation of leukocyte activa-
tion, wound healing, regulation of transmembrane trans-
port, and other significant biological processes. Previous
studies have indicated that the primary cellular responses
to SCI are inflammation and an immune response, which
is consistent with our GO analysis results. SCI induces the
activation of immune cells and inflammatory mediators,

but the benefit of targeting the immune response to treat
SCI is not clear [28].

Stimulation of the proliferation of leukocytes is also a
key process of SCI that occurs from the immediate phase
to the chronic repair phase. Our KEGG enrichment analysis
demonstrated that the genes with changes of expression
were involved in Epstein-Barr virus infection, focal adhe-
sions, the calcium signaling pathway, retrograde endocanna-
binoid signaling, osteoclast differentiation, platelet
activation, and SLE. In a prior study, KEGG enrichment
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Figure 3: The qRT-PCR result was consistent with that of the microarray between group 3 and group 2, in that the first 3 mRNAs had a
rising trend, while the last 3 mRNAs showed a downward trend. All 6 mRNA transcripts reached statistical significance (p < :05 for each
mRNA, Student’s T test), as seen in Figure 1. Verification expression levels of DEGs in qRT-PCR during EPO treatment of SCI in rats.
DEGs: differentially expressed genes; SCI: spinal cord injury; EPO: erythropoietin.

Table 3: The top 5 upregulated and downregulated lncRNAs between the group 2 and group 1.

Upregulated lncRNAs Downregulated lncRNAs
ID log2FC p value ID log2FC p value

AABR07030791.1 8.19 8.50E-11 AABR07028797.1 -6.05 0.000167407

AABR07049503.1 6.02 0.000129838 AC105485.2 -5.86 0.000437654

AABR07027569.3 6.01 0.000152459 AABR07028793.1 -5.61 0.00116144

AABR07038983.1 5.84 2.00E-09 AABR07048040.1 -5.55 0.004700986

AABR07021998.1 5.77 0.000287606 AABR07007879.1 -5.33 0.005198832

Table 4: The top 5 downregulated and upregulated lncRNAs between the group 3 and group 2.

Upregulated lncRNAs Downregulated lncRNAs
ID log2FC p value ID log2FC p value

LOC100910750 5.34 0.023054 AABR07069008.3 -5.09 0.019272

AC096330.1 4.02 0.033215 AABR07044454.1 -5.04 0.008021

AABR07002674.1 3.86 0.007318 AABR07062344.2 -4.32 0.031877

AABR07007055.1 2.42 0.015358 AABR07051515.2 -4.12 0.021149

AABR07019254.2 2.40 0.027412 AABR07053771.1 -2.42 0.025481
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Figure 4: GO term enrichment analysis of mRNAs in the early acute phase of SCI. (a) GO annotations of DEGs with top 15 enrichment
scores between group 1 and group 2. (b) GO annotations of DEGs with top 15 enrichment scores between group 3 and group 1. The red
represents BC; the green represents CC; the blue represents MF. BC: biological process; CC: cell component; MF: molecular function.
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Figure 5: KEGG pathway analysis of DEGs in spinal cord samples in the subacute phase following SCI. (a) The top 15 KEGG analysis
enrichment between group 2 and group 1. (b) The top 15 KEGG analysis enrichment between group 3 and group 2. The X-axis shows
gene ratio, and the Y-axis shows the KEGG annotations. The larger the circle area, the more DEGs the pathway contains. KEGG: Kyoto
Encyclopedia of Genes and Genomes.
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analysis revealed that the toll-like receptor signaling path-
way, p53 signaling pathway, MAPK signaling pathway, and
Jak–STAT signaling pathway were related to SCI [29]. Obvi-
ously, our findings are not completely consistent with that of
the prior study. We postulate that the different results may
be because specimens were collected at different time points.
Our PPI network analysis, however, identified FN1, PTPRC,
CD44, CDC20, TYROBP, AURKB, TlR2, angiotensinogen,
AGT, RAC2, and MMP9 as the top 10 high-degree hub
nodes, suggesting these genes may play an indispensable role
in the pathophysiological processes of SCI.

Our previous studies showed that EPO reduces apoptosis
and inflammation and promotes myelin repair and func-
tional recovery following compressive SCI in rats from the
perspective of bioinformatics. Our prior results were the
basis for performing the current study to identify genes dif-
ferentially expressed after SCI, and after treatment with

rhEPO. In the rhEPO treatment group (group 3), the DEGs
were significantly associated with leukocyte chemotaxis,
myeloid leukocyte migration, granulocyte migration, granu-
locyte chemotaxis, and neutrophil migration. These findings
confirm that the inflammatory response and inflammatory
cell activation play an indispensable role in the repair of
SCI. A prior study showed that blocking inflammation via
the administration of anti-inflammatory drugs can reduce
inflammation and partially restore locomotor activity fol-
lowing SCI [30].

Our KEGG pathway analysis indicated that the most sig-
nificant pathways associated with SCI and repair were
cytokine-cytokine receptor interaction, chemokine signaling,
and IL-17 signaling pathways. Previous studies have
reported that cytokines play an important role in central
nervous system (CNS) immune system interactions, and
SCI can initiate immune responses characterized by the syn-
thesis and release of chemokines and cytokines [31, 32]. In
addition, an increase of IL-17 concentration can result in
the increase in the size of a lesion after SCI. Study has shown
that reducing the expression of IL-17 and IL-17-related
inflammatory factors can protect neurons and promote
recovery after SCI [33]. In the PPI network developed in this
study, the top 10 high-degree hub nodes (Ccl4, Ppbp,
Cxcl13, Ahsp, Ccl5, Alas2, Npy, Gng13, Ccl2, and Hba2.)
were all chemokines, which are a superfamily of secreted
proteins involved in immune-regulatory and inflammatory
processes. Study has shown that CXCL13/CXCR5 signaling

PPI network

Figure 6: Interaction of protein-protein network analysis of DEGs between group 2 and group 1. Nodes represent DEGs. Lines indicate
interactions between DEGs.

Table 5: The top 10 hub gene in the network between group 2 and
group 1.

Rank Name Score Rank Name Score

1 Fn1 108 6 Aurkb 61

2 Ptprc 85 7 Tlr2 60

3 Cd44 70 8 Agt 59

4 Cdc20 68 9 Rac2 58

5 Tyrobp 66 10 Mmp9 57
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can promote diabetes-induced tactile allodynia through the
production of proinflammatory cytokines in the spinal cord
of male mice [34]. Additionally, Ppbp is a platelet-derived
growth factor that belongs to the CXC chemokine family.
Chio et al. [35] demonstrated that a traumatic brain injury
can upregulate the expression of Ppbp in peripheral blood.
Alas2 encodes a protein called heme that catalyzes the first
step in the heme biosynthetic pathway and appears to pro-
mote a concurrent increase of neutrophilic meta-
myelocytes and mature CD71 erythroid cells [36]. Further-
more, endogenous neuropeptide Y (NPY) and the activation
of its associated receptors can exert long-lasting spinal inhib-
itory control of neuropathic pain [37]. We speculate that
EPO may influence the expression of NPY to achieve behav-
ioral NPY-induced antinociception. Taken together, the
aforementioned studies and our results lead us to hypothe-
size that EPO plays an important role in the acute phase of
SCI by regulating the inflammatory response and affecting
the synthesis and release of inflammatory factors and/or
chemokines.

To our knowledge, this is the first study that has used
bioinformatics methods to investigate EPO and the treat-

ment of SCI. While we identified DEGs and lncRNAs asso-
ciated with SCI, and EPO treatment, there are some
shortcomings of this study. First, the small numbers of spec-
imens may affect the reliability of the results. However, we
reduced individual differences by mixing different samples
from the same group. While we identified DEGs, we did
not explore their functions, nor did we explore the specific
mechanisms of the lncRNAs identified. In the acute phase
of SCI, primary injury can lead to neuron death, demyelin-
ation in the spinal cord, and eventually, axonal dieback. In
this study, we only examined tissue specimens at 1 time
point. Future studies should examine and compare speci-
mens at multiple time points after SCI.

5. Conclusion

In conclusion, we identified differential expression profiles
of mRNAs and lncRNAs in spinal cord samples in the sub-
acute phase following SCI. We also identified DEGs between
normal spinal cord and injured spinal cord and between
injured spinal cord and SCI treated with rhEPO. Critical
pathways affected by rhEPO treatment of SCI were also
identified. These results may offer new insights into the cel-
lular and pathophysiological processes involved in SCI and
insights for the development of new treatment methods.

Data Availability

No data were used to support this study.

Ethical Approval

The present study was approved by the ethics committee of
the Zhujiang Hospital of Southern Medical University

Figure 7: Interaction of protein-protein network analysis of DEGs between group 3 and group 2. Nodes represent DEGs. Lines indicate
interactions between DEGs.

Table 6: The top 10 hub gene in the network between group 3 and
group 2.

Rank Name Score Rank Name Score

1 Ccl4 218 6 Alas2 121

2 Ppbp 193 7 Npy 120

3 Cxcl13 192 7 Gng13 120

4 Ahsp 127 9 Ccl2 106

5 Ccl5 125 10 Hba2 96
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GINS complex subunit 2 (GINS2) regulates the migration, invasion, and growth of cells in many malignant and chronic diseases.
In the present study, we aimed to investigate the expression of GINS2 in the peripheral blood and nucleus pulposus (NP) cells of
patients with intervertebral disk degeneration (IDD). GINS2 expression was detected using bioinformatics tools from the GEO
public repository and validated using peripheral blood samples from IDD patients and healthy participants. GINS2 clinical
significance was explored by the receiver operating curve (ROC) utilizing area under the curve (AUC). Moreover, the
influences of GINS2 on cell viability, migration, and invasion were explored by MTT, wound healing, and transwell assays,
whereas cell apoptosis was determined by flow cytometry. Expression levels of GINS2 in the peripheral blood were significantly
lower in IDD patients than in healthy participants. Moreover, ROC obtained a significantly higher AUC of GINS2 in IDD
patients. Further, overexpressed GINS2 increased the proliferation, migration, and invasion of NP cells while overexpressed
GINS2 decreased the apoptotic property of cells compared to the NC plasmid and control groups. In conclusion, GINS2 might
be a potential therapeutic target of IDD.

1. Introduction

Intervertebral disk degeneration (IDD) is a leading factor of
discogenic lower back pain (LBP) [1–3]. IDD has been rele-
gated to the disc tissue-based age-related process due to the
continuously decreasing concentration of proteoglycan,
which leads to decreased intervertebral height, the produc-
tion of osteophytes, and endplate sclerosis [4, 5]. A normal
human intervertebral disc is a fibrocartilaginous structure
made of three main components, such as (1) cartilage end-
plates [6, 7]; (2) the annulus fibrosus (AF), composed of type
I collagen and fibroblast-like cells [8]; and (3) nucleus pulpo-
sus (NP) originated of chondrocyte-like cells [9, 10]. Previ-
ous studies have found that the inherited factors were
directly linked to the pathogenic factors (almost 70%) that
were associated with IDD [11–13]. Thus, assessing the IDD
mechanism from a genetic standpoint is crucial to address
the present clinical concerns about chronic LBP.

GINS complex subunit 2 (GINS2), a member of the
GINS family that also includes GINS2, GINS3, and GINS4
[14], plays an essential role in the DNA duplication [15].
Downregulation of GINS2 suppressed the growth of breast
cancer cells by triggering endogenous DNA damage [16,
17]. Further, a study reported that unregulated expression
of GINS2 initiated free survival of distant metastasis and
therapeutic resistance of endocrine in patients with breast
cancer [18]. Meanwhile, upregulated GINS2 urged the pro-
liferation of HL60 cells in acute promyelocytic leukemia
[19]. Moreover, overexpressed GINS2 promoted cell migra-
tion and proliferation and repressed apoptosis in lung cancer
cell lines [20]. Nonetheless, the role of GINS2 in the periph-
eral blood and NP cells of patients with intervertebral disk
degeneration (IDD) remains unknown.

In this study, we found that GINS2 was downregulated
in the peripheral blood and NP cells of IDD patients and
had a significant diagnostic value for IDD. Moreover, we
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confirmed the promotive effects of GINS2 overexpression on
the proliferation, migration, and invasion and the inhibitory
effect on the apoptosis of NP cells. Our study might provide
a novel target for IDD therapy.

2. Materials and Methods

2.1. Study Design. The present study is aimed at evaluating
the GINS2 protein-coding gene expression using a GEO-
based repository and further validates it retrospectively in
the peripheral blood samples of IDD patients and healthy
participants. Subsequently, the expression of GINS2 was
achieved in IDD patients. Finally, GINS2 expression and
its biological functions were analyzed in vitro using NP cells.

2.2. Enrollment of Patients. 60 participants with IDD (n = 30
) and healthy control (n = 30) were retrospectively collected,
along with the peripheral blood samples. The subjects were
enrolled from June 2020 to June 2021.

2.3. Cell Culture and Cell Transfection. Human NP cells
(CP-H170, Procell, Hubei, China) were used in the present
study. Herein, cells were cultured in Roswell Park Memorial
Institute (RPMI-1640) medium (Thermo Fisher Scientific,
MA, USA) comprising 10% fetal bovine serum (FBS, Gibco,
NY, USA) and penicillin in a 37°C and 5% CO2 incubator.
Furthermore, the cells were seeded onto a 12-well plate.
GINS2-overexpression (GINS2-OE) plasmid, negative con-
trol (NC) plasmid, and blank control were transfected into
NP cells by Lipofectamine 300 (Invitrogen, CA, USA) for
48 h. They were bought from GenePharma Biotechnology
Co. Ltd., (Shanghai, China). Then, all the cells were obtained
and utilized for subsequent experiments.

2.4. RNA Extraction. Total RNA was isolated from the whole
blood cells of the peripheral blood samples utilizing phenol-
chloroform solutions after handling the homogenization by
guanidine isothiocyanate (kit for preparing TRIzol RNA,
Thermo Fisher Scientific, Waltham, MA, USA). RNA
concentrations were analyzed by a spectrophotometer
(ND1000, NanoDrop Technologies, DE, USA).

2.5. RT-qPCR. Total RNA was isolated from the peripheral
blood specimens by following TRIzol reagent protocols after
transfection. Then, using the reverse transcript kit, the total
RNA was reverse-transcribed to cDNA (Sangon Biological
Engineering Co., Shanghai). Reaction steps of qPCR were
carried out using SYBR Green PCR Master Mix (Applied
Biosystems, USA) as follows: (1) for 10min at 95°C
(predenaturation); (2) for 15 s at 95°C (denaturation), for
15 s at 60°C (annealing), and for 20 s at 72°C (elongation);
and (3) for 15min at 72°C. At 4°C, reactions were discontin-
ued. For each specimen, these three steps were followed, and
a quantitative analysis of the data was performed based on a
2−△△CT value. The RT primers utilized were as follows:
GINS2, forward: 5′-AGGCGCCAGAGGCACCATGGAC-3′
and reverse: 5′-CATCCTGTGCGTTGGCTGCC-3′; β-actin,
forward: 5′-GAGCGCGGCTACAGCTT-3′ and reverse:
5′-TCCTTAATGTCACGCACGATTT-3′.

2.6. Microculture Tetrazolium (MTT) Assay. MTT assay was
carried out to evaluate the proliferation activity of the cell by
following the manufacturer’s protocols (Beyotime Biotech.,
Shanghai, China) [21]. NP cell lines were cultivated in 96-
well plate at 5 × 103 cells/well density and then treated with
overexpression of the GINS2 plasmid. 10μL MTT reagent
(Beyotime Biotech., Shanghai, China) was imparted into
the well and further incubated for 4 h at 37°C. Each well’s
optical density (OD) value was evaluated by a microplate
reader (Promega Corporation, Madison, WI, USA) at
490 nm. Results of the cell viability from three independent
experiments were normalized to the control group and
expressed as mean ± SD.

2.7. Transwell Assay. Matrigel was equally spread on the
transwell chamber’s bottom surface (Corning, Shanghai,
China). After 10% FBS, 500μL medium was put into the
lower chamber, and 2 × 104 cells were added to the upper
chamber. Then, cells on the upper surface were gently
scraped, whereas the invasive cells on the lower surface were
fixed and colored with crystal violet, followed by observation
using a microscope (Olympus Corporation, Tokyo, Japan).

2.8. Wound Healing Assay. After the transfection of NP cells,
the cells were treated with trypsin, planted into the 6-well
plate, and cultivated till they reached 80% confluence of
the medium. Then, the sterile pipette (200μL) tip was used
to scratch each well and washed with PBS solution numer-
ous times to abolish cell debris. In the following 48h, cells
were incubated in medium (serum-free), and migrated cells
to the surface of the wound were counted as fabricating an
in vitro healing process. The display images of the wound
healing assay were obtained by a light microscope (Olympus
Corporation, Tokyo, Japan; magnification ×100), and the
closure rate was evaluated. The relative ability of migratory
cells was assessed by ImageJ software using the width at
0 h time point (ðwidth of wound ð0 − 24 hÞ/0 hwidth of
woundÞ × 100%).

2.9. Apoptosis Assay. The cells were put into a 12-well plate
after transfection, and NP cells were obtained from trypsin
digestion without EDTA (Thermo fisher, Waltham, MA,
USA). The rate of apoptotic cells was evaluated by Annexin
V-PE/7-AAD (Sungene Biotech., Tianjin, China) following
the manufacturer’s protocols and instructions. Herein, cells
were stained using 5μL Annexin V-phycoerythrin (PE)
and 5μL 7-amino-actinomycin D at 37°C for 10min. The
cells were determined by flow cytometry (BD Aria III, New
Jersey, USA).

2.10. Western Blotting. After 48 h posttransfection, the cells
were kept in a 6-well plate and managed under suitable con-
ditions. After the cells were put into the RIPA assay buffer
(Beyotime Biotech., Shanghai, China), protein in equal
amounts was parted by SDS-PAGE and transferred onto
PVDF membranes (Bio-Rad, CA, USA). Then, the mem-
branes were blocked with skim milk (5%), cleansed with
Tris-buffered saline, and incubated with primary antibodies,
GINS2 (1 : 200, ab197123, Abcam, MA, USA) and GAPDH
(1 : 1000, 5174T, Cell Signaling Technology, MA, USA),
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Figure 1: Continued.
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overnight at 4°C. After that, the membranes were incubated
with secondary antibody HRP-conjugated goat antirabbit
IgG heavy and light (1 : 2000, ab6721, Abcam) for 1 h. Fur-
thermore, the membranes were analyzed by an ECL reagent
(Thermo Scientific Pierce, IL, USA). The protein band was
visualized with the internal reference of β-actin.

2.11. Bioinformatics and Statistical Analysis. Bioinformatics
tools were used to create box plots, PCA biplots, volcano
maps, and heatmaps. By utilizing the GEO database
(GSE124272), the enriched signaling pathways were
evaluated through the Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Gene Ontology (GO) databases.
GraphPad (version 8, CA, USA) and SPSS software (version
20.0, IL, USA) were used for statistical analysis throughout
the study, and all the data were represented as mean ±
standard deviation. T-test and one-way and two-way ANOVA
analyses were utilized to compare two or more groups. GINS2
clinical significance was explored using the receiver operating
curve- (ROC-) based area under the curve (AUC) in the
peripheral blood samples. P < 0:05 was contemplated as the
threshold for providing statistical significance.

3. Results and Discussion

3.1. Discovery of GINS2 Expression in IDD. Eight microarray
datasets of IDD patients compared to healthy controls were
obtained from the GEO database (GSE124272) and used to
screen for the GINS2 protein-coding gene utilizing bioinfor-

matics tools, resulting in dysregulated gene expressions as
determined by box plot, PCA biplot, volcano map, and heat-
map analyses (see Figures 1(a)–1(d)). These eight datasets
have demonstrated GINS2 expressions individually (see
Figure 2(a)). PCA biplots were shown as the quantitative
measure of eight microarray datasets (see Figure 2(b)). Based
on these biplots of PCA, the present study involved all eight
datasets for subsequent analysis. In the box plot, GINS2
expressions were significantly lower in IDD patients con-
trasted to a healthy group (see Figure 2(c), P < 0:05).

Moreover, the top 20 significant KEGG pathway enrich-
ments in IDD patients and healthy groups based on the up-
and downregulated genes were obtained utilizing the KEGG
database (see Figure 3(a), P < 0:05). Likewise, significant top
20 GO enriched pathways related to the up- and downregu-
lated genes were achieved using the GO database (see
Figure 3(b), P < 0:05).

3.2. Validation and Clinical Significance of GINS2 in IDD
Patients. To validate GINS2 expression levels in the peripheral
blood from 30 IDD patients and 30 healthy participants, a
scatter plot analysis was used. Herein, GINS2 expression was
markedly decreased in the peripheral blood samples of IDD
patients compared to the healthy group (see Figure 4(a),
P < 0:001). Meanwhile, the demographical parameters of
IDD patients and healthy participants are represented in
Table 1, which showed no significant differences (P > 0:05).
The ROC curve of GINS2 yielded a significantly high AUC
of 0.8261 (95% confidence interval ðCIÞ = 0:7051 ~ 0:9472,

Group
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G2

3

2

1

0

−1

−2

−3

(d)

Figure 1: Screening of the genes between IDD patients and healthy control group. (a) The expression value of multiple genes shown in IDD
patients versus healthy control by each of the eight microarray datasets of the GEO database (GSE124272) in the box plot. (b) PCA biplots of
eight microarray datasets represented quality control measures. (c) Volcano plot is representing the dysregulated expression of genes.
(d) Heatmap is showing the up- and downregulated expressed genes between two groups.
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Figure 2: Discovery of the GINS2 between IDD patients and healthy control group. (a) The expression value of multiple genes observed in
IDD patients versus healthy control by each of the eight microarray datasets of the GEO database (GSE124272) in the box plot. (b) PCA
biplots of eight microarray datasets showed quality control measures. (c) GINS2 expression was measured in the peripheral blood from
two groups of participants by box plots. G1: healthy group; G2: IDD group.
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Figure 3: GO and KEGG pathway enrichment analysis. (a) The top significant KEGG-enriched pathways of the targeted genes in IDD are
demonstrated individually in up- and downregulated manner. (b) The topmost GO enrichment pathways of the targeted genes in IDD are
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P < 0:05) in IDD patients (see Figure 4(b)). Thus, the diag-
nostic values of GINS2 may be used to precisely distinguish
between IDD patients and healthy groups and further pro-
vide potential significance in diagnosing IDD.

3.3. Cell Proliferation, Migration, and Invasion Effects of
GINS2 in NP Cells. The present study evaluated the biologi-
cal functions of GINS2 by transfecting NP cells with the
GINS2-OE and NC plasmids. WB analysis was utilized to
determine the expression of GINS2 mRNA in NP cells trans-
fected with NC plasmid, blank group, and GINS2-OE plas-
mid (see Figures 5(a) and 5(b), P < 0:001). GINS2 mRNA
expression was significantly over/upregulated in NP cells fol-
lowing transfection with the GINS2-OE group compared to
other groups (P < 0:001). Similarly, the CCK-8 assay
demonstrated that the overexpression of GINS2 markedly
increased cell viability (see Figure 5(c), P < 0:001), indicating
that GINS2 upregulation may promote the proliferation of
NP cells.

The migration and invasion abilities of cells are key
indicators of tumor metastasis. The current study utilized
wound healing and transwell assays to detect the metastatic
capability of the tumor. Wound healing assay showed that
the GINS2-OE significantly increased and promoted the
migratory potential of NP cells when compared to the
NC plasmid and blank groups (see Figures 5(d) and 5(e),

P < 0:001). Subsequently, a transwell assay was utilized to
determine the invasive ability of NP cells, which showed
that GINS2-OE significantly promoted the invasion capability
of NP cells when compared to other groups (see Figures 6(a)
and 6(b), P < 0:001). Hence, the overexpression of GINS2
could promote NP cell migration and invasion.

3.4. Cell Apoptosis Effects of GINS2 in NP Cells. To determine
the apoptosis effects of GINS2 in NP cells, Annexin V-PE/7-
AAD staining was utilized. The apoptosis assay demon-
strated that GINS2-OE significantly decreased the apoptosis
rate in NP cells when compared to the NC plasmid and
blank groups (see Figures 7(a)–7(d), P < 0:001). Thus, over-
expression of GINS2 inhibited NP cell apoptosis.

4. Discussion

IDD is widely recognized as a major cause of LBP, a globally
prevalent condition that imposes a vast social-economic
burden and degrades the quality of life [22–24]. Disk degen-
eration is also associated with disk prolapse or herniation
and sciatica, though it can be asymptomatic in some cases
[25, 26]. In IDD cases, the intervertebral disk height and spi-
nal column-based biomechanics are altered, which can have
a significant effect on the behavior of other spinal structures,
involving the ligaments and muscles [7]. In the long run, this
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Figure 4: The validation of GINS2 expression in the peripheral blood samples between IDD patients and healthy control. (a) The histogram
represented the overall validation of GINS2 in IDD patients and healthy control. (b) The clinical significance of GINS2 was measured by
ROC curve for IDD patients.

Table 1: Clinical information of the patients and healthy controls.

Control
(n = 30)

IDD
(n = 30) P value

Age (years) 35:14 ± 4:21 36:22 ± 4:95 0.1166

BMI 24:31 ± 2:35 25:06 ± 2:78 0.0522

Gender (male/female) 18/12 11/19 0.8586
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Figure 5: The biological mechanism of GINS2 in NP cells. (a, b) Western blot analysis represented the GINS2 mRNA expression in three
groups of GINS2-OE, NC plasmid, and blank group. (c) MTT assay showed the cell proliferation or growth rate of three groups in
transfected NP cells. (d) The wound healing rate was observed between the three groups. (e) Wound healing assay was performed to
evaluate the migratory ability of transfected NP cells. NC plasmid, blank group, and GINS2-OE.
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condition can progress to spinal stenosis [27], which is the
main reason for pain and disability in the aged population
[25]. Overall, IDD is a tangled process whose mechanism
is not fully apprehended. Extracellular matrix degeneration,
mechanical loading, extreme senescence, incremental secre-
tions of inflammatory factors, and NP cell aberrant apopto-
sis have all been implicated in the development of IDD
[28–32]. Thus, current research into NP cell apoptosis and
targeted interventions may not only anticipate significant
therapeutic strategies but also increase the underlying path-
ogenetic mechanisms of IDD.

GINS2 takes a crucial part in the replication activity and
chromatin binding due to the complex structure as a hetero-
tetramer [33]. In malignant cancers, such as cervical cancer,
GINS2 was significantly upregulated in cancer cells and
tumor tissues with an inverse correlation to overall survival
in cervical cancer patients [34], whereas in thyroid cancer,
GINS2 overexpression initiated the cancer cell proliferation
and suppressed the apoptosis via LOXL2 and CITED2 medi-
ation [35, 36]. Our study determined and confirmed the dys-
regulation of GINS2 expression in the peripheral blood
samples from IDD patients and healthy participants. Our
pathway enrichment analysis results indicated that GINS2
was involved in KEGG-enriched pathways, including p53
signaling pathways, cell cycles, extracellular matrix, and
cytokine receptor interactions in IDD-based samples. Hence,
on one hand, GINS2 was demonstrating downregulated
expression in the peripheral blood samples from IDD, and
on the other hand, GINS2 may take part in IDD pathogene-

sis via certain enriched pathways. Moreover, our study
indicated that GINS2 protein-coding gene significantly dif-
ferentiated IDD patients from the healthy group by repre-
senting an AUC of 0.8261. Thus, GINS2 protein-coding
gene not only played a role in IDD pathogenesis but may
also serve as a novel diagnostic biomarker for IDD by distin-
guishing IDD patients from healthy controls.

GINS2 was previously shown to influence the prolifera-
tion, migration, and invasion of non-small-cell lung cancer
cells via PI3K/Akt and MEK/ERK signaling pathways [37].
Similarly, interfering with GINS2 inhibited cell viability,
initiated cell cycle arrest, and facilitated apoptosis in pancre-
atic cancer cell lines using the MAPK/ERK pathway [38].
Our study evaluated the biological functions of GINS2 in NP
cells by GINS2-OE and NC plasmids. Herein, consistent with
the above-mentioned studies, our in vitro analysis revealed
that the overexpression of GINS2 promoted cell proliferation,
migration, and invasion of NP cells; meanwhile, it suppressed
the apoptotic activity and vice versa. Thus, GINS2may act as a
potential therapeutic target for IDD.

Nonetheless, the current study has a few limitations. At
first, the determination of GINS2 was screened using an
online database of GEO, which could contain biased micro-
array results or samples. Second, GINS2 validation was car-
ried out with a smaller size-based cohort; therefore, future
studies are needed to carry out validation using a larger
size-based cohort. Third, the present study was unable to
include more clinical characteristics and risk factors for
patients with IDD. Fourth, the GINS2 was evaluated and
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Figure 6: Effects of GINS2 on migration and invasion of NP cells. (a, b) Transwell assay was performed on NP cells and showed the invasive
capacity of cells. NC plasmid, blank group, and GINS2-OE.
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compared using only the peripheral blood samples and NP
cell lines without further validation of downregulating sig-
naling pathways. Thus, future research is required to thor-
oughly determine and assess GINS2 in conjunction with
other GINS family members, which might be taking part
in the occurrence, development, and progression of IDD.

5. Conclusion

In conclusion, downregulation of GINS2 was observed in the
peripheral blood and NP cells of IDD patients, which had a

significant diagnostic value for IDD. Moreover, our study
proved GINS2 overexpression promoted the proliferation,
migration, and invasion and inhibited the apoptosis of NP
cells, implying the biological role of GINS2 in IDD. GINS2
might be a novel target for IDD therapy.

Data Availability

The datasets used during the current study are available
from the corresponding author on request.
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The aim of this study was to investigate the relationship between multislice computed tomography (CT) angiography (MSCTA)
imaging and high-sensitivity C-reactive protein (hs-CRP) in patients with hypertension and lower extremity arteriosclerosis. 68
hypertensive patients with lower extremity arteriosclerosis were selected as the observation group, and 68 healthy volunteers
were selected as the control group to compare the differences in hs-CRP. According to the degree of stenosis, the patients were
further divided into five grades: no obvious stenosis, mild stenosis, moderate stenosis, severe stenosis, and occlusion. The
correlation between the degree of stenosis and the content of hs-CRP was compared. The changes of hs-CRP content before
and after treatment were compared, and the difference of images before and after surgical treatment and the difference of hs-
CRP expression in patients with occlusion were compared. Compared with the control group, the content of hs-CRP in the
observation group was significantly higher (P < 0:05), and the degree of stenosis was positively correlated with the content of
hs-CRP. After two weeks of treatment, the hs-CRP levels of patients with severe stenosis and occlusion were significantly lower
than those before treatment (P < 0:01). The level of hs-CRP in patients with occlusion after arterial stent intervention was
significantly lower than before, and the images also showed that the blood vessels were significantly expanded. The degree of
stenosis in patients with lower extremity arteriosclerosis diagnosed by MSCTA imaging was closely related to the expression of
hs-CRP in the patient, and a sustained high concentration of hs-CRP corresponded to a more severe degree of vascular
occlusion. In conclusion, the hs-CRP can be used as one of the factors to predict and evaluate the occurrence of cardiovascular
and cerebrovascular diseases.

1. Introduction

Worldwide, approximately 200 million people suffer from
occlusion arteriosclerosis, which can be life-threatening in
some cases [1]. Lower extremity arteriosclerosis is the man-
ifestation of occlusion arteriosclerosis in the lower extremi-
ties. Occlusion arteriosclerosis is more common in the
medium and large arteries at the lower end of the abdominal
aorta. Due to atherosclerotic plaque and its internal hemor-
rhage or plaque rupture, secondary thrombosis leads to
gradual lumen stenosis or occlusion, resulting in limb ische-
mia and other clinical manifestations [2, 3]. With the

improvement of social living standards and the aging of
the population, the incidence of lower extremity arterioscle-
rosis occlusion is increasing year by year. The main risk fac-
tors of lower extremity arteriosclerosis occlusion disease are
hypertension, diabetes, hyperlipidemia, smoking, advanced
age, etc. [4]. Studies have found that smoking and diabetes
are the most harmful and can increase the incidence of arte-
rial disease by 3~ 4 times [5]. The clinical manifestations are
intermittent claudication and pain at rest, which can lead to
dry gangrene or ulceration in severe cases [6]. Hypertension
is one of the risk factors for arteriosclerotic occlusion dis-
ease. Although the risk is not as good as diabetes and
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hyperlipidemia, the number of people suffering from
hypertension is large, and it is also a cause that cannot
be ignored [7]. Generally speaking, hypertension will cause
a relatively large impact on the inner wall of the blood ves-
sel, which will damage the inner wall of the blood vessel
after a long time. After the function of the endothelium
is damaged, the lipids in the blood are more likely to be
deposited on the blood vessel wall, which promotes the
occurrence and development of atherosclerosis [8]. On
the contrary, the normal diastolic function of the blood
vessels with atherosclerosis is weakened, the stiffness of
the blood vessel wall increases, and the blood pressure rises
again [9].

Multislice spiral computed tomography (CT) angiogra-
phy (MSCTA) technology is the application of multislice
spiral CT technology in angiography. It can quickly scan
a large area without loss of spatial resolution, so that the
carotid artery can be better displayed, and the aorta, iliac
artery, and femoral artery can also be observed in one
scan, effectively using intravascular contrast medium [10].
Because multilayer C can choose thinner layer thickness,
the vascular tree of each part can be displayed with higher
contrast, which is incomparable with single-layer spiral
CT. MSCTA postimage processing techniques include
multiplanar reconstruction (MPR), maximum density pro-
jection (MIP), volume reconstruction (AR), surface occlu-
sion display (SSD), and simulated inner diameter display
(VE) [10, 11]. MSCTA has gradually become an important
method for the diagnosis of lower extremity vascular
lesions because of its advantages of faster speed, thinner
layers, and wider scanning.

High-sensitivity C-reactive protein (hs-CRP) is a non-
specific marker of acute phase systemic inflammation syn-
thesized by the liver. It also specifically refers to C-reactive
protein in plasma, which can clinically guide cardiovascu-
lar disease, neonatal bacterial infection, and kidney trans-
plantation [12, 13]. Persistent low-level inflammation
plays a major role in atherosclerosis, which produces asep-
tic inflammation due to accumulation of cholesterol and
other lipids, resulting in elevated hs-CRP [14]. A large
number of studies have shown that high-sensitivity C-
reactive protein is mainly located in atherosclerotic pla-
ques and can regulate monocyte aggregation. hs-CRP is a
complement activator that coexists with membrane attack
complexes in early atherosclerotic lesions, stimulates tissue
factor production, and aggregated hs-CRP activates com-
plement. Due to the activation of complement by chronic
trace inflammatory factors, lipids are deposited on the vas-
cular wall, and through infiltration and aggregation, vascu-
lar damage and atherosclerosis are caused [15]. Studies
have found that hs-CRP can chemotactic monocytes at
the site of vascular sclerosis, induce monocytes to produce
tissue factor, activate complement, induce endothelial cells
to produce adhesion factors, impair endothelial function,
and accelerate the progression of arteriosclerosis. hs-CRP
can also bind to lipoproteins, activate the complement sys-
tem by the classical pathway, and then generate a large
number of terminal complexes, causing vascular endothe-
lial damage [16].

2. Methods

2.1. Data and Grouping. A total of 68 hypertension patients
with lower extremity arteriosclerosis who underwent
MSCTA examination in the hospital from January 2020 to
January 2021 were selected as the observation group. Clini-
cal manifestations included intermittent claudication, rest
pain and/or night pain, pale skin, coolness or numbness,
weakness, swelling or muscle atrophy of the affected limb,
decreased skin temperature, ischemic cyanosis, gangrene,
ulcer, thromboocclusion vasculitis (Buerger) syndrome (+),
the pulse of the affected limb femoral artery, popliteal artery,
posterior tibial artery, and dorsal foot artery. During the
same period, 68 healthy volunteers were selected as the con-
trol group for the determination of the content of hs-CRP.
This experiment was approved by the ethics committee of
the hospital, and all experimental cases obtained the consent
of the patients or their families and signed the informed
consent.

Inclusive criteria are as follows: (i) hypertensive patients
diagnosed as arteriosclerosis of lower limbs by MSCTA
examination, (ii) at least 18 years old, and (iii) no history
of contrast agent allergy.

Exclusion criteria are as follows: (i) patients whose lower
extremity arteriosclerosis was caused by hyperlipidemia, dia-
betes, etc.; (ii) patients suffering from arteriosclerosis in
other parts of the body and patients suffering from other
cardiovascular diseases; (iii) patients suffering from serious
body infections; (iv) patients who received kidney transplan-
tation within the past month; and (v) patients who under-
went intervention and surgical treatment.

2.2. Examination and Treatment. For the treatment of
hypertension, oral nifedipine sustained-release tablets II
was used twice a day in the morning and evening with a
12-hour interval. For patients with severe claudication, it
should take some arterial dilation drugs (cilostazol), anti-
platelet drugs (aspirin), or anticoagulant drugs (rivaroxaban)
as prescribed by a doctor and prescribe some pain relievers if
necessary. Patients with gangrene of limb ulcers required
endovascular therapy and surgery. Conventional treatment

Table 1: Criteria for stenosis grading.

Grade Degree of stenosis

Grade 1 No obvious stenosis

Grade 2 Mild stenosis (<50%)
Grade 3 Moderate stenosis (50%-70%)

Grade 4 Severe stenosis (71-99%)

Grade 5 Occlusion

Table 2: Comparison of clinical data.

Group Cases
Gender

Age (years old)
Males Females

Control group 68 37 31 56:23 ± 4:78
Observation group 68 40 28 52:13 ± 5:13
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included ① quitting smoking, which can significantly delay
the further aggravation of the disease;② reasonable arrange-
ment of meals; ③ appropriate exercise to improve ischemia;
and ④ attention to foot care to avoid limb injury. All
patients were treated with antihypertensive and conven-
tional treatment. No other treatment was performed if there
was no obvious stenosis. Arterial dilation, antiplatelet, and
anticoagulant drug treatment were performed for mild,
moderate, and severe stenosis. Interventional therapy was
performed for patients with occlusion, and reexamination
should be performed six months after the end of treatment.
For patients undergoing interventional therapy, MSCTA was
detected, and the images were processed and analyzed using
maximum density projection, volume reconstruction, and
surface reconstruction techniques and were compared with
the lower extremity arterial images of healthy volunteers.

3mL of fasting venous blood was collected from patients
in the observation group in the next morning after admis-
sion. The specific protein analyzer was used for inspection,

and the content of high-sensitivity C-reactive protein in
blood was obtained after analysis. The detection of hs-CRP
in healthy volunteers was the same as above.

According to the patient’s condition of lower extremity
arteriosclerosis, the treatment should be carried out reason-
ably, and blood collection should be performed to detect the
content of hs-CRP in the first and second weeks of drug
treatment, conventional treatment, and interventional treat-
ment. After treatment, the content of hs-CRP in patients
with each stenosis grade was counted.

2.3. Stenosis Grading Method. The imaging data of MSCTA
of 68 patients in the observation group were evaluated by
two senior radiologists in a double-blind evaluation of the
blood vessels of the lower extremities. The degree of stenosis
of blood vessels in CTA-MIP and CTA-VR of the same
patient was evaluated, respectively, and CTA-MPR technical
analysis could be done if necessary. The lower extremity
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arteries were divided into 10 segments: lower abdominal
aorta, common iliac artery, internal iliac artery, external iliac
artery, femoral artery, popliteal artery, tibiofibular trunk,
anterior tibial artery, posterior tibial artery, and peroneal
artery. Each segment of blood vessels was graded into 5
grades according to the degree of stenosis. The calculation
equation of the degree of stenosis was given as follows:
degree of stenosis = ½ðdiameter of the normal blood vessel at
the proximal end of the stenosis − diameter of the blood
vessel at the stenosisÞ/diameter of the normal blood vessel at
the proximal end of the stenosis� × 100%.

Patients with multiple stenosis were classified according
to the highest stenosis grade. The patients were grouped
according to the grade of stenosis. The specific grades were
shown in Table 1.

2.4. Data Processing Method. SPSS 23.0 software was used
for statistical analysis of the data in this study. All data were
expressed as mean ± standard deviation, the counting data
are expressed as frequency, the data between observation
groups were compared by t-test, and the data between mul-
tiple groups was compared by one-way analysis of variance.
P < 0:05 indicated statistical significance.

3. Results

3.1. Data Statistics and Comparison. As shown in Table 2,
the average age of healthy volunteers was 56:23 ± 4:78 years
old, and the patients with lower extremity arterial stenosis
were 40 males and 28 females, with an average age of
52:13 ± 5:13. There was no significant difference between
the patients with lower extremity arteriosclerosis and the
healthy persons in the clinical basic data (P > 0:05). In addi-

tion, according to the judgment of the doctor and the evalu-
ation of the stenosis grade, the statistics of the number of
volunteers with each stenosis grade were shown in
Figure 1. 19 patients had no significant stenosis, 18 had mild
stenosis, 15 had moderate stenosis, 9 had severe stenosis,
and 7 had occlusion (Figure 1).

3.2. Comparison of the Content of hs-CRP. As shown in
Figure 2, the content of hs-CRP in the plasma of patients
with lower extremity arteriosclerosis was 1:26 ± 0:21mg/L
and that of healthy volunteers was 15:13 ± 4:42mg/L. After
comparison, it was found that there was a significant differ-
ence in the content of hs-CRP between the two groups
(P < 0:01). This also showed that the plasma hs-CRP of
patients with lower extremity arteriosclerosis was signifi-
cantly higher than that of healthy volunteers.

3.3. Analysis of hs-CRP Content in Each Stenosis Group. The
patients with lower extremity arterial stenosis in the obser-
vation group were regrouped according to the degree of ste-
nosis, and the average levels of hs-CRP in each group were
counted, as shown in Figure 3. Starting from the moderate
stenosis group to severe stenosis group, each group had a
significant difference compared with the previous group
(P < 0:05). There was no significant difference in complete
vascular occlusion compared to the severe stenosis group.
This also showed that with the increase in the degree of ste-
nosis, the patient’s plasma hs-CRP also increased.

3.4. Comparison of hs-CRP Content after Treatment. As
shown in Figure 4, patients with no obvious stenosis and
mild stenosis had no significant change after comprehensive
treatment compared with before treatment, and there was no
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Figure 4: Expression of hs-CRP in each stenosis group after comprehensive treatment. (a–e) The expression levels of hs-CRP before
treatment and after one week and two weeks of treatment in each group with no obvious stenosis, mild stenosis, moderate stenosis,
severe stenosis, and occlusion, respectively. ∗Compared with that before treatment, P < 0:05; #compared with that before treatment,
P < 0:01.
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significant difference after comparison (P < 0:05). Compared
with before treatment, the content of hs-CRP in patients
with moderate stenosis was significantly lower after two
weeks of treatment, and the difference was statistically sig-
nificant (P < 0:05).

3.5. MSCTA Imaging and hs-CRP Analysis before and after
Interventional Therapy. A patient with right femoral artery
occlusion was diagnosed with MSCTA on admission and
analyzed using maximum density projection and boneless
volume reconstruction techniques. Afterwards, under the
doctor’s suggestion, he underwent femoral artery stent
implantation, and he came to the hospital for reexamination
and diagnosis. The patient’s hs-CRP concentration at the
first examination was 15.17mg/L, as shown in the images
after MSCTA imaging (Figures 5(c) and 5(d)). Compared
with the blood vessels of healthy volunteers (Figures 5(a)
and 5(b)), the patient’s right femoral artery was significantly
occlusion, with collateral circulation, the left femoral artery
was narrowed and severely calcified, and the left tibial ante-
rior and posterior tibial arteries were tiny. Six months after
the right side received femoral artery stent implantation,
the hs-crp concentration was 9.51mg/L, which was signifi-
cantly lower than that before treatment. After the consulta-
tion, it was found that the recovery state was good, and
further reexamination, CT plain scan (Figure 5(e)) found

that the stent was unobstructed, and no stenosis and throm-
bosis were found. The implanted vascular stent can be
clearly seen in the CTA surface reconstruction (Figure 5(f)),
the boneless volume reconstruction (Figure 5(g)), and the
maximum density projection (Figure 5(h)).

4. Discussion

hs-CRP is an effective and sensitive marker of inflammation
in vivo, which marks the acute phase of inflammation and
can predict the occurrence of cardiovascular and cerebrovas-
cular events. The process of atherosclerotic lesions is closely
related to the inflammatory response caused by continuous
and repeated damage of blood vessels. hs-CRP can activate
phagocytes, activate complement, make vascular endothelial
cells dysfunctional, promote foam cell formation, inhibit the
survival and differentiation of endothelial progenitor cells,
activate the intima of atherosclerosis, and further lead to
the occurrence of atherosclerosis [17]. The results of this
work found that patients with higher arterial stenosis had
higher plasma hs-CRP, which to some extent indicated that
patients with lower extremity arteriosclerosis caused by
hypertension already had a certain inflammatory response.
Therefore, in addition to MSCTA, hs-CRP can also be used
as a reference index for the degree of disease. In a study on
the association between hs-CRP and clinical outcomes in

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 5: Comparison of MSCTA imaging processing before and after stent implantation in patients with lower extremity arterial occlusion.
The marked part in red indicated the narrow part of the lower limb artery. (a, b) The imaging results of blood vessels of healthy volunteers.
(c, d) The imaging results of the blood vessels of patients. (e) The CT plain scan results. (f) The CTA surface reconstructed image. (g) The
image after boneless volume reconstruction. (h) The image constructed by the maximum density projection.
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patients with intermittent claudication in the past decade,
it was found that elevated hs-CRP levels were significantly
associated with cardiovascular-related and cancer-related
deaths in patients with intermittent claudication [18]. In
the study of psoriasis and cardiovascular disease risk, it
was found that patients with psoriasis had a higher risk
of subclinical atherosclerosis. hs-CRP is a useful marker
of cardiovascular disease risk, and anti-inflammatory drugs
not only play a key role in the treatment of psoriasis but
also reduce cardiovascular risk by reducing levels of
inflammatory markers including hs-CRP risk of disease
[19]. In the study of the relationship between ultrasound
and hs-CRP and carotid stenosis, it was found that high
hs-CRP and the degree of carotid stenosis were closely
related [20].

Digital subtraction angiography (DSA) has always
been the gold standard for diagnosing lower extremity
arteriosclerosis occlusion, but its disadvantage is trauma
examination [21]. However, with the development and
improvement of MSCTA, it has become the mainstream
way of examining arterial blood vessels. In addition to
its advantages of convenience, noninvasiveness, and high
patient acceptance, MSCTA can more intuitively display
the length of arterial vessels, the degree of stenosis, collat-
eral circulation, and perivascular tissue. MSCTA has
many image processing methods, and different processing
techniques can be selected according to needs, which can
provide a variety of rich image data for clinical practice
[22]. In this work, the stenosis of lower extremity arteries
can be clearly observed and classified according to the
degree of stenosis by selecting maximum density projec-
tion, solvent reconstruction, and multiplanar reconstruc-
tion technology after MSCTA scanning. A study using
MSCTA and DSA techniques to differentiate the internal
iliac artery branch angiography in patients with pelvic
tumors found that MSCTA has a great advantage over
DSA in the evaluation of the branch vessels at the end
of the internal iliac artery [23].

Since MSCTA can well analyze the degree of stenosis of
blood vessels in patients through various imaging systems
and hs-CRP is an important marker of vascular stenosis,
there must be a certain correlation between the two. This
experiment also found that the higher the stenosis degree,
the higher the hs-CRP level of the patients, and the hs-
CRP level of the patients with a high degree of stenosis
was significantly different from that of the patients with a
lower degree of stenosis (P < 0:05). In addition, this work
also studied the hs-CRP level of patients after correspond-
ing treatment of arteriosclerosis. The results showed that
after treatment, the level of hs-CRP in patients with severe
stenosis and occlusion was significantly reduced after two
weeks of treatment (P < 0:01). A six-month follow-up visit
to a patient with vascular occlusion treated with interven-
tional stents also found that the occlusion blood vessels
of the lower extremities were completely unblocked, and
the level of hs-CRP in the body was significantly lower
than before treatment. All the above experiments showed
that the degree of vascular stenosis determined by MSCTA
was closely related to the level of hs-CRP.

5. Conclusion

MSCTA imaging can clearly observe the degree of stenosis
of lower extremity arteries, and it is also found that the
level of hs-CRP in patients with hypertension is closely
related to the degree of stenosis of lower extremity arterio-
sclerosis. Patients with severe vascular stenosis tend to
have higher levels of hs-CRP in plasma. After treatment,
patients’ lower extremity vascular stenosis is reduced, and
hs-CRP levels are also reduced. The disadvantage of this
experiment is that there are too few experimental samples,
which cannot more accurately reflect the relationship
between MSCTA imaging and hs-CRP. In addition, con-
sidering that the treatment method is different for each
patient, there was no significant difference in the hs-CRP
level between mild and moderate patients before and after
treatment. In follow-up studies, more experimental sam-
ples should be sought, especially to include more patients
with severe stenosis and occlusion, and to develop better
treatment modalities for classification.
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Adenoid hypertrophy (AH) is a common disease in otorhinolaryngology. Children with chronic snoring and hypoxia are
susceptible to long-term nasal obstruction, while long-term open-mouth breathing may cause craniofacial bone development
disorders and dull facial expressions, the so-called adenoid face. The purpose of this work is to analyze the influence of AH-
induced airway obstruction (AO) on the growth and development of craniomaxillofacial structure and respiratory function
(RF) in children. The clinical data of 56 AH children (observation group) and 42 healthy children with physical examination
(control group) who visited the Hebei Eye Hospital during the same period were retrospectively analyzed. All children received
acoustic rhinometry and X-ray cephalometric measurements. The upper airway structure, sleep disorder score, and A/N value
of nasopharyngeal lateral X-ray images were compared between cases and controls. For AH children, sleep tests were also
performed to assess their RF. X-ray cephalometric measurements of facial morphology showed obvious vertical growth,
mandibular retrognathia, and enlarged mandibular angle in AH children. AH mainly affects the size of the nasopharyngeal and
oropharyngeal airway. AH children presented with higher nasal airway resistance (5:11 ± 1:95 cmH2O/Lmin) and lower
nasopharyngeal volume (NPV) (16:86 ± 3:93 cm3) than controls. Of the AH children, 45 had abnormal RF, including 4 with
obstructive sleep apnea syndrome. The A/N value of nasopharyngeal lateral X-ray images was significantly higher in AH
children than in controls. Besides, worse sleep quality was found in AH children. The above differences were all of statistical
significance. The above indicates that AH can affect the size of the nasopharyngeal and oropharyngeal airway, change
children’s respiratory mode and RF, increase nasal resistance, and decrease NPV, resulting in upper respiratory tract stenosis,
as well as craniomaxillofacial and oral malformations, which affects children’s normal growth and development.

1. Introduction

Adenoid hypertrophy (AH), the most common cause of
upper airway obstruction (AO) in children and adolescents,
is a natural response to the increase of immune activity in
childhood [1, 2]. The normal breathing pattern of human
beings is nasal respiration, which means that air travels
through the nasal, nasopharyngeal, oropharyngeal, and lar-
yngopharyngeal cavity into the lower airway [3]. If the air-
flow is obstructed through the respiratory tract, that is, the
passage is partially or completely blocked, the human body

will adaptively change the nasal breathing mode into the oral
breathing mode, so as to obtain sufficient ventilation to
maintain normal physiological functions [4]. Open-mouth
breathing (OMB), nasal diseases, asthma, speech disorders,
and obstructive sleep apnea syndrome (OSAS) are common
health issues that can be induced to some extent by inflam-
mation and/or obstruction of the upper respiratory tract [5,
6]. The adenoid is a local immune organ [7] and an impor-
tant part of the pharyngeal lymphatic ring, which, together
with the palatine tonsil, lingual tonsil, eustachian tube tonsil,
lateral pharyngeal bands, and posterior pharyngeal
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lymphoid follicles, forms an endolymphatic ring, surround-
ing the airway and esophageal entrance [8, 9]. It is the site
of the earliest exposure to inhaled and ingested antigens.
When the adenoids or the peripheral lymphoid tissues are
exposed to antigen stimulation and immune response
occurs, adenoid tissue proliferates and increases in volume,
resulting in AH [10].

AH can cause a wide spectrum of diseases, including
secretory otitis media [11], sinusitis [12], obstructive sleep
apnea-hypopnea syndrome (OSAHS) [13], lower respiratory
tract inflammation [14], long-term hypoxia-induced abnor-
mal growth and development, and mental and psychological
disorders. AH is an important factor for children to breathe
with their mouths open. Long-term OMB in childhood will
inevitably lead to abnormal development of maxillofacial bone
structure. For example, narrow dental arch, high-arched pal-
ate, anterior protrusion of upper incisors, crowded and uneven
dentition leading tomalocclusion, and uneven development of
facial bones can cause abnormal development of nasal septum,
resulting in deviation of nasal septum and turbinate hypertro-
phy [15, 16]. Children with OMB can suffer from sleep depri-
vation at night, long-term lack of oxygen, lethargy, and dull
facial expression, resulting in the classic adenoid face [17].
As for the time of craniofacial development, the increase of
upper airway resistance in any period may change the normal
breathing mode and thus affect craniofacial development,
while the age group with high incidence of AH is in the critical
period of craniofacial development. At this stage, the detection
and diagnosis of AH are still relatively complex, requiring
nasal endoscopy, nasopharyngeal palpation, and X-ray exam-
inations to make a definite diagnosis [18]. So far, the research
on AH mainly focuses on its resultant nasal obstruction,
while its effect on upper airway bone structure is rarely
reported [19, 20].

Consequently, it is crucial to master diagnostic methods
and timely judge the degree of illness. The novelty and moti-
vation of the presented study is to use X-ray cephalometry as
the breakthrough point to measure the maxillofacial struc-
ture of AH children in lateral cephalometric radiographs,
so as to study the changes of facial morphology in AH chil-
dren, and to analyze the impact of AH on children’s respira-
tory function (RF).

2. Data and Methods

2.1. General Data. This research retrospectively analyzed the
clinical data of 56 AH children (observation group) and 42
healthy children (control group) who visited the Hebei Eye
Hospital between May 2020 and June 2021. Inclusion criteria
for AH children are as follows: (1) age: 4-12 with a medical
history ≥ 2 years; (2) presence of typical clinical symptoms
such as nasal obstruction, sleep snoring, and OMB; and
b(3) diagnosis of AH, with the A/Nratio of X − ray lateral
cephalogram ≥ 0:71, and adenoid blockage of posterior
nostril > 51% by nasopharyngeal-fiberoscope. Exclusion cri-
teria are as follows: (1) history of chronic rhinitis, turbinate
hypertrophy, temporomandibular joint, or craniofacial
trauma; (2) history of otolaryngology surgery or previous
cranial-maxillofacial orthodontic treatment; and (3) congen-

ital developmental disorders. The two cohorts of children
were not statistically different in terms of gender, age, and
other general data, indicating comparability (Table 1). This
study was approved by the Ethics Committee of Xingtai
People’s Hospital, and the subjects’ guardians all signed
the informed consent.

2.2. Research Methods and Outcome Measures

(1) X-ray examination: all children underwent an X-ray
skull examination. The lateral radiographs were fixed
and measured when the child was in the standing
position, with the midline of the skull vertical to
the ground, the plane of the eyes and ears parallel
to the ground, the mouth naturally closed, the facial
muscles relaxed, and even breathing maintained.
The outcome measures included the following:
ANS-Me (distance from the anterior nasal spine to
the submental point), N-ANS (distance from the
nasion to the anterior nasal spine), FH ratio (ratio
of anterior superior height to anterior inferior
height), Ar-ANS (maxillary length: distance from
the articulare to the anterior nasal spine), Go-Gn
(mandibular body length: distance from the mandib-
ular angle to the submental apex), Go-Ar (mandibu-
lar ramus height), SNA (anteroposterior position of
maxillary basal bone and anterior skull base plane),
SNB (anteroposterior position of mandibular basal
bone and anterior skull base plane), ANB (antero-
posterior position of upper and lower jaws), Go
angel (vertical relationship of mandibular body rela-
tive to mandibular ramus), and MP-SN (angle
between mandibular plane and anterior skull base
plane)

(2) Upper airway measurement analysis by X-ray: A (the
most protruding point across the lower margin of
the adenoid is the vertical line of the external cranial
tangent of the occipital slope. The distance between
the most protruding point and the vertical foot is
the thickness of the adenoid); N (the root of the pte-
rygium meets the cranial surface of the ramp, and
the length between the junction point and the point
of the posterior nasal spine is the width of the bony
nasopharyngeal cavity); PNS-R (the distance between
the posterior nasal spinous point and the pharyngeal
apex); PNS-UPW (the distance from the posterior
nasal spinous point to the superior pharyngeal wall);
SPP-SPPW (the distance from the back of the soft pal-
ate to the wall of the pharynx); U-MPW (the distance
between the apical uvula and the middle pharyngeal
wall); TB-TPPW (Pharyngeal airway space); and
V-LPW (the distance between epiglottis valley and
hypopharyngeal wall)

(3) Nasal airway volumetric measurement using acous-
tic rhinometry (AR): half an hour before the exami-
nation, the investigator entered the air-conditioned
examination room that was maintained at 21°C with
a humidity of 50%-60%. Nasopharyngeal volume
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(NPV) and nasal airway resistance (NAR) were mea-
sured by the acoustic reflection nasal measurement
system (ECCOVISION, USA). Children were asked
to sit quietly for a moment to prepare for examina-
tion, and the influences of temperature, humidity,
movement, and noise on nasal mucosa were elimi-
nated. When measuring, an appropriate nasal probe
was used to prevent the nasal cavity from being
deformed by extrusion. Breathing and swallowing
were stopped during the test, and the left and right
nasal cavities were tested separately

(4) RF determination: AH children were monitored for
sleeping with a portable PSG device, with the detec-
tion time not less than 7 hours per night. Polysom-
nography was interpreted by two technicians and a
pediatrician trained in sleep medicine, all blinded
to clinical outcomes. Sleep stages were classified
based on the American Academy of Sleep Medicine
guidelines [21], and subjects with an obstructive
apnea-hypopnea index (OAHI) score ≥ 1 were
defined as OSAS [22]

(5) The sleep quality, efficiency, and time of both
cohorts of children were assessed using the Pitts-
burgh Sleep Quality Index (PSQI) [23]. The scale
consists of self-assessment items and other items,
including seven modules: sleep quality, sleep latency,
sleep duration, sleep efficiency, sleep disturbance,
sleep medication, and daytime sleep dysfunction.
On a scale of 0-21, higher scores are associated with
more severe sleep disorders

2.3. Statistical Processing. Data analysis was performed by
SPSS 22.0 (IBM SPSS 22.0, Chicago, IL), and statistical sig-
nificance was considered when P < 0:05. A Chi-square test
was used for counting data described in the form of n (%).
The measurement data of normal distribution were repre-
sented by mean ± SD, and the difference was determined
by an independent sample t-test.

Table 3: Comparison of craniofacial morphological parameters
between the two groups of children.

Parameters
Observation
group (n = 56)

Control group
(n = 42) t P

ANS-Me
(mm)

67:14 ± 5:73 63:40 ± 5:41 3.2744 0.0015

N-ANS
(mm)

46:30 ± 3:72 49:53 ± 5:22 1.8453 0.0681

FH ratio 0:71 ± 0:10 0:79 ± 0:09 4.0886 <0.0001
Ar-ANS
(mm)

78:89 ± 7:06 80:13 ± 7:49 0.8383 0.4040

Go-Gn
(mm)

60:74 ± 5:48 61:95 ± 7:84 0.8992 0.3708

Ar-Gn
(mm)

94:71 ± 7:08 94:29 ± 9:75 0.2471 0.8053

Go-Ar
(mm)

45:82 ± 6:88 45:15 ± 8:07 0.4428 0.6589

SNA (°) 88:93 ± 4:53 89:26 ± 5:25 0.3333 0.7396

SNB (°) 76:69 ± 4:60 80:93 ± 5:22 4.2613 <0.0001
ANB (°) 8:61 ± 2:05 8:59 ± 2:03 0.0480 0.9618

MP-SN (°) 40:05 ± 5:76 34:32 ± 5:03 5.1411 <0.0001
Go angle
(°)

134:23 ± 5:25 132:38 ± 5:33 1.7151 0.0896

Table 2: Sagittal diameter of upper airway on cephalic radiographs.

Parameters
Observation
group (n = 56)

Control
group (n = 42

)
t P

A (mm) 16:13 ± 1:40 8:61 ± 1:88 22.7064 <0.0001
N (mm) 20:34 ± 1:55 19:85 ± 1:69 1.4898 0.1396

PNS-R
(mm)

18:21 ± 1:41 19:80 ± 1:83 4.8596 <0.0001

PNS-UPW
(mm)

9:16 ± 1:81 15:35 ± 1:97 16.1302 <0.0001

SPP-SPPW
(mm)

10:83 ± 2:07 11:25 ± 1:84 1.0418 0.3001

U-MPW
(mm)

9:70 ± 2:02 9:87 ± 1:49 0.4594 0.6469

TB-TPPW
(mm)

8:93 ± 2:49 9:31 ± 2:33 0.7683 0.4442

V-LPW
(mm)

18:87 ± 1:37 19:20 ± 1:82 1.0245 0.3082

Notes: Bold text means statistical significance.

Table 1: General data.

Gender
(male/
female)

Age
Delivery mode Symptom Type of hypertrophy

Natural
childbirth

Cesarean
delivery

Snoring
Mouth

breathing
Both

Simple adenoid
hypertrophy

Combined with
tonsil hypertrophy

Observation
group (n = 56) 34/22 6:36 ± 1:41 32 (57.1) 24 (42.9)

21
(37.5)

24 (42.9)
11

(19.6)
41 (73.2) 15 (26.8)

Control group
(n = 42) 23/19 6:76 ± 1:54 25 (59.5) 17 (40.5) — — — — —

χ2/t 0.3495 1.3358 0.0559

P 0.5544 0.1848 0.8131
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3. Results

3.1. Sagittal Diameter of Upper Airway in Children. As
shown in Table 2, the A value, PNS-R value, and PNS-
UPW value showed statistically differences between the
control group and the observation group, indicating that
AH mainly affected the size of nasopharyngeal and oropha-
ryngeal airway. While no significant difference was observed
in the N value, indicating no difference in bony structure of
nasopharyngeal cavity between the two groups, nor was
there any statistical difference in other indicators, suggesting
no difference in the middle and lower segments of the upper
airway.

3.2. Cephalometric Parameters of Children. Among the cra-
niofacial measurement parameters, SNB angle, MP-SN
angle, and FH ratio showed statistical significance between
groups. Meanwhile, a significant difference was observed in
ANS-Me (P < 0:05). The other indexes were not statistically
significant (P > 0:05) Table 3.

3.3. Nasal Airway Resistance Results in Two Groups. The
results identified a lower total NAR (2:35 ± 0:83 cmH2O/
Lmin) in controls than in AH children (5:11 ± 1:95
cmH2O/L·min) and a higher NPV in controls compared
with cases (20:78 ± 4:44 cm3 vs. 16:86 ± 3:93 cm3), with sta-
tistical significance (P < 0:05) Figure 1.

3.4. Respiratory Function of Adenoidal Hypertrophy
Children. The RF test results (Table 4) identified 11 children
with an OAHI score of 0, 41 children with 0 < OAHI score
< 1, and 4 with an OAHI score ≥ 1. The results indicate that
45 children developed respiratory dysfunction, including 4
with OASA.

3.5. Children’s Sleep Quality and A/N Value of
Nasopharyngeal X-Ray Lateral Films in Two Groups. After
evaluating the sleep quality, we found that compared with
controls, the sleep latency (23:09 ± 3:93 min) and PSQI
score (14:46 ± 3:43 points) were significantly higher in AH
children. A higher A/N value (0:89 ± 0:09) of nasopharyn-
geal X-ray lateral films was also determined in AH children
(Figure 2).

4. Discussion

Adenoids are lymphatic organs located in the nasopharynx
and the top of the posterior pharyngeal wall [8]. According
to previous views, adenoids existed at birth, increased with
age under physiological conditions, and reached their maxi-
mum size at the age of 6-7. They began to atrophy after the
age of 10 and completely shrank by puberty, merging with
the mucous membrane of the nasopharyngeal wall. AH is
rare in adulthood [24, 25]. However, some other studies
have shown that among adults with pharyngeal diseases,
the proportion of adenoids remains high and hypertrophy
is common [26]. The location and function determine that
adenoids, once stimulated, will evoke immune responses,
increase in volume, and occupy the space of the nasopharyn-
geal cavity, which may block the ventilation and drainage of
posterior nostril and nasopharynx, resulting in pathological
AH [10]. OMB is a reflex activity of the body to enlarge
the upper airway. If the upper airway is blocked for a long
time, children will still keep OMB even when the obstruction
is removed, as the bad habit has already been developed.
Craniofacial growth and development are influenced by both
genetic factors and functional stimuli. According to Moss’s
functional matrix theory, the change of breathing pattern is
bound to break the original balance of teeth, jaw, tongue,
and muscles around the face, resulting in the growth and
reconstruction of teeth and jaw to a new equilibrium, which
will ultimately affect the position of teeth and the shape of
jaw and give rise to craniomaxillofacial deformities [27].

In this study, the nasal RF and craniofacial morphology
of AH children were objectively evaluated by AR and X-
ray cephalometry. The results showed higher NAR and
statistically lower NPV in AH children compared with
controls. It shows that the nasal cavity and nasopharyngeal
cavity became smaller after mechanical obstruction of
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Figure 1: Comparison of acoustic rhinometry measurement parameters between two groups of children. (a) Comparison of total nasal
airway resistance (TNAR). (b) Comparison of nasopharyngeal volume (NPV). ∗∗∗P < 0:001.

Table 4: Results of respiratory function indexes in children with
adenoid hypertrophy.

Measured value Number Percentage

OAHI = 0 11 19.6

0 < OAHI < 1 41 73.2

OAHI ≥ 1 4 7.2
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adenoid tissue in children, resulting in nasal obstruction and
nasal blood circulation disorders. Most of the previous stud-
ies on pediatric AH and craniofacial dysplasia did not objec-
tively measure children’s nasal RF but confirmed nasal AO
only by OMB. Although some studies have also used the
combination of signs and symptom scores to subjectively
quantify the nasal opening degree, the reliability of subjec-
tive sensation of nasal obstruction is not high, because some
children with AH are too young to accurately describe and
express their feelings. The AR used in this study has obvious
advantages because it does not rely on airflow in the nasal
cavity, which is suitable for patients with complete nasal
obstruction and kids aged under 3. The basic principle of
AR is to describe the two-dimensional information of the
cavity to be measured by using the acoustic reflection signals
and to sketch the cross-sectional shape of nasal airway by
measuring the amplitude of the reflected wave and the
reflected time, which directly reflects the patency of the air-
way [28, 29]. Then, we observed the craniofacial morphol-
ogy of two groups of children and found statistical
differences in SNB angle, MP-SN angle, FH ratio, and
ANS-Me. Nasal obstruction caused by AH will affect chil-
dren’s craniofacial development. First, it has a great impact
on the position and morphology of mandible. The narrow-
ing of the upper respiratory tract changes children’s RF
and breathing pattern, which triggers a certain degree of
changes in oral muscles, as well as damage to the balance
between oral muscles and the jaw, eventually leading to
abnormal growth of the jaw and teeth, which is mainly man-
ifested as mandibular retraction and smaller SNB angle on
the sagittal plane, similar to previous studies [30, 31]. In
addition, long-term OMB promoted the progressive exten-
sion of the head and neck, leading to an increase in cranio-
cervical angle anteversion [32]. Wang et al. explored the
influence of AH on both the morphological development
characteristics of the upper airway and the craniofacial fea-
tures in children. The results showed that AH altered a
child’s breathing mode and function by inducing upper air-
way stenosis, as well as craniomaxillofacial and oral deformi-
ties [16].

Finally, we observed the sleep quality and RF of children.
Significantly worse sleep quality was observed in AH cases
compared with healthy children; in addition, 45 AH chil-
dren developed respiratory dysfunction, including 4 with
OSAS. AH is considered the most important risk factor

for the development of OSAS in children [33, 34]. Sleep
monitoring is an important means to identify sleep-related
respiratory disorders in children. The clinical manifestations
of sleep-disordered breathing in children are different from
those in adults, mainly characterized by obstructive hypop-
nea accompanied by varying number of apnea episodes and
periodic hypoxemia. There is no obvious sleep structure dis-
order, and respiratory disorder is generally not accompanied
by microawakening. In addition, children with similar sever-
ity of OSAS and similar adenoid or tonsil sizes have different
clinical presentations [35]. All these suggest that the OSAS
phenotype is highly variable. Hence, we should pay attention
not only to apnea-hypopnea index but also to clinical mani-
festations, sleep structure characteristics, and respiratory reg-
ulation. It is important to note that if left untreated, OSAS
can lead to neurobehavioral and cardiovascular complica-
tions and growth disorders [36]. Therefore, close attention
should be paid to the sleep status of children with AH. How-
ever, this research still shows some limitations. As only 56
AH children were included in this study, the results may
not be representative. Besides, people in plateau areas have
respiratory compensation due to different growing environ-
ments, so differences in different growing environments need
to be further analyzed.

5. Conclusion

To sum up, AH will significantly affect the growth of cranio-
maxillofacial structure of children and their RF, resulting in
reduced sleep quality of such children. Oral respiration
mainly affects mandibular development, which can cause
back rotation or extension of mandible, decrease of mandib-
ular body length, and lip tilt of upper and lower front teeth.
However, it has little influence on maxillary development.
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Objective. To systematically evaluate the efficacy of acupuncture associated with physical and mental intervention when treating
idiopathic tinnitus and the improvement of tinnitus symptoms, so as to supply evidence-based medicine for its popularization and
adoption. Methods. PubMed, EMBASE, ScienceDirect, Cochrane Library, China knowledge Network Database (CNKI), China
VIP Database, Wanfang Database, and China Biomedical Literature Database (CBM) online database were searched for the
controlled trial of acupuncture associated with physical and mental intervention when treating idiopathic tinnitus. The retrieval
time limit is from January 2010 to March 2022. Separately, two researchers extracted the data, and according to the Cochrane
Handbook 5.3, the bias risk of each piece of literature was assessed. The collected data were measured using RevMan5.3
statistical software. Results. Finally, 5 CT articles were included in this study, with a total sample size of 282. Meta-analysis
showed that the effective rate of the study group was significantly higher than that of the control group (P < 0:05). The scores
of tinnitus disorder scale (THI) after treatment were analyzed by Meta. The THI scores of the study group after treatment
were significantly lower than those before treatment. Meta-analysis of the severity of tinnitus after treatment showed that the
severity of tinnitus in the observation group after treatment was significantly lower than that before treatment. There is a
certain publication deviation in the literature, which may be related to the heterogeneity of the research and the small number
of literatures. Conclusion. On the basis of acupuncture treatment, associated with physical and mental intervention is helpful to
the recovery of patients with idiopathic tinnitus, can effectively improve their clinical symptoms, and is suitable for clinical
application. A popularization of this concept in clinical practice is worth considering, but further research and follow-up with
a higher methodological quality and longer intervention time are needed to confirm its efficacy.

1. Introduction

Idiopathic tinnitus refers to a kind of subjective tinnitus of
unknown cause in clinic, that is, no distinct abnormality is
found through the current examination, or there is a lack
of clear causal relationship between abnormal examination
results and tinnitus [1, 2]. It not only refers to the symptoms
of tinnitus but also can be used as an independent disease.
The onset of idiopathic tinnitus is acute or chronic, with or
without hearing and psychological disorders, which is usu-
ally associated with hearing loss, noise exposure, aging, and
stress. The auditory sensitivity in tinnitus population is 40-

86% [3, 4]. Most research reports show that the prevalence
of adult tinnitus is about 10-19%, and in recent years, the
prevalence of adult tinnitus is increasing at an annual rate
of 3%, and the incidence rate increases with age. It accounts
for 31.4%, and about 1/3 of the elderly suffer from tinnitus
for many years. People who are male, obese, or have long-
term blood pressure, blood lipids, blood sugar, psychoemo-
tional disorders, and other related diseases, or people with
a history of occupational and recreational noise exposure
have a higher incidence of tinnitus [5].

Currently, the specific pathogenesis of tinnitus is not
completely clear. With the development of neuroimaging,
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neurophysiology, neuropsychology, and so on, it is believed
that tinnitus is driven by the following two mechanisms:
one is the bottom-up mechanism related to hearing loss,
and the other is the top-down mechanism related to insuffi-
cient noise elimination [5]. The course of tinnitus is often
long, which will cause great harm to the physical and mental
health of patients, and the related social and economic costs
caused by its treatment are very high. Take the United States
as an example, by the fiscal year 2012, the number of vet-
erans who had received government disability pension for
tinnitus alone had exceeded 970000 [6]. Since there is no
standardized treatment plan at present, nonstandard and
ineffective treatment can increase the cost of national health
care [7]. According to relevant statistics in the United States,
the annual government pension for tinnitus is more than
$2.75 billion [8]. In China, there is no specific investigation
in this regard, but the economic burden brought by tinnitus
treatment cannot be ignored. In addition, tinnitus has a large
impact on the life quality of patients, and the functional
impairment caused by it mainly includes four aspects: think-
ing and emotion, sleep, hearing, and concentration [9, 10].

According to traditional Chinese medicine (TCM), tin-
nitus can be caused by exogenous and internal injuries.
The pathogenesis of tinnitus can be divided into deficiency
and excess, including wind-heat invasion, qi depression,
inflammation of liver fire, hyperactivity of liver yang, stagna-
tion of phlegm fire, and blood stasis. Deficiency syndrome
includes deficiency of heart blood, deficiency of lung qi,
weakness of spleen and stomach, deficiency of kidney
essence, and loss of kidney yang [11, 12]. According to the
bottom-up tinnitus mechanism, the damage of the periph-
eral auditory system leads to a decrease in the input signal
from the cochlea to the brain, and the central auditory struc-
ture compensates the lost signal in the form of neuroplasti-
city. Of note, the weak cochlear signal is gradually
amplified along the auditory pathway, increasing spontane-
ous and synchronous neural activity, which may lead to tin-
nitus in varying degrees. At present, with regard to the lack
of specific treatment for idiopathic tinnitus, it has been
found that TCM therapy such as TCM, acupuncture, moxi-
bustion, acupoint injection, and five elements music can
reduce the loudness of tinnitus and relieve the concomitant
symptoms of tinnitus [13]. Acupuncture as a traditional
means of TCM, based on the theory of viscera and merid-
ians, according to the characteristics of patients’ condition,
acupuncture and manipulation were selected according to
syndrome differentiation, which had a good effect when
treating tinnitus [14]. Numerous literature studies have
shown [15, 16] that acupuncture associated with nondrug
interventions has better curative effect when treating idio-
pathic tinnitus, the therapeutic effect is better than that of
rehabilitation therapy or acupuncture alone, and it has the
advantages of fewer clinical adverse reactions. However,
the effectiveness of TCM when treating idiopathic tinnitus
has not been internationally recognized and needs to be sup-
ported by high-quality research evidence. In addition, there
are large differences between different research designs,
and there are many evaluation indicators. Common clinical
manifestations include insomnia, anxiety, and depression,

decreased concentration, and decreased speech comprehen-
sion, or other family life and work problems, and the higher
the degree of tinnitus distress, the greater the likelihood of
accompanying psychological, psychosomatic, and/or psychi-
atric comorbidities. Therefore, timely medical treatment
should be recommended for such patients, and active and
effective intervention should be given. Only the effectiveness
of a certain literature or the improvement of a certain evalu-
ation index is used to illustrate the clinical efficacy of TCM
acupuncture associated with mind-body intervention when
treating idiopathic tinnitus. The results are unconvincing
and inconsistent across numerous studies. Under this back-
ground, it is very necessary to carry out further research on
the efficacy of acupuncture associated with physical and
mental intervention when treating idiopathic tinnitus.
Therefore, this study systematically, quantitatively, and
comprehensively analyzed the results of multiple indepen-
dent studies of the same kind through. The purpose of this
study was to evaluate the clinical efficacy of acupuncture
combined with physical and mental intervention in the
treatment of patients with idiopathic tinnitus through
meta-analysis and to provide an objective basis for clinical
application.

2. Research Contents and Methods

2.1. The Sources and Retrieval Methods of Documents. Search
PubMed, EMBASE, ScienceDirect, Cochrane Library, China
Journal full-text Database (CNKI), VIP full-text Database
(VIP), Wanfang Database, and Chinese Biomedical Litera-
ture data (CBM); search relevant Chinese journals, confer-
ence papers, degree papers, etc.; and collect relevant data
about acupuncture associated with physical and mental
intervention when treating idiopathic tinnitus. Literature
retrieval was carried out in the way of free words and subject
words, with the key words of TCM acupuncture, physical
and mental intervention, idiopathic tinnitus, tinnitus symp-
toms, improvement effect, meta-analysis, TCM acupuncture;
idiopathic tinnitus; symptoms of tinnitus, etc., from January
2010 to March 2022.

2.2. Literature Inclusion and Exclusion Criteria

2.2.1. Literature Inclusion Criteria. (1) Research type: all the
controlled trials (CT) of acupuncture associated with physi-
cal and mental intervention when treating idiopathic tinni-
tus, the search languages are Chinese and English; (2)
object of study: patients with idiopathic tinnitus were clearly
diagnosed; diagnostic criteria of western medicine: refer to
the consensus of 2012 tinnitus experts and diagnostic cri-
teria of idiopathic tinnitus in interpretation [17]; TCM syn-
drome differentiation criteria: refer to the TCM diagnostic
criteria of tinnitus in the Clinical Research guidelines to treat
tinnitus with new drugs of TCM [18]; (3) intervention mea-
sures: the study group received physical and mental inter-
vention measures such as acclimatization therapy/five
elements music therapy/cognitive behavioral therapy/TCM
horn music, while the control group only received acupunc-
ture or simple physical and mental intervention
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2.2.2. Literature Exclusion Standard. (1) It is not a control
study; (2) the data report is incomplete and the data cannot
be used; (3) repeat the research content and take the latest
research; (4) the evaluation of the curative effect of the study
was not noticeable

2.3. Quality Evaluation and Data Extraction

(1) Bias Risk Assessment Contained in the Study. Evalu-
ation was performed using the bias risk assessment
tool recommended in Cochrane System Review
Manual 5.3

(2) Data extraction and literature screening are done
independently by two researchers, who collect litera-
ture, extract data, evaluate quality, and cross-check
the results. When there are differences in opinion,
discuss and resolve them or ask the third researcher
for help. Note that Express document management
software and Excel office software were used to man-
age and extract research data. If the data contained
in the literature is incomplete, contact the author of
this article to supplement it. The contents of data
extraction contained (1) basic information: author,
publication time, number of cases; (2) intervention
measures: scheme, course of treatment; and (3) out-
come indicators: total clinical effective rate, tinnitus
disability assessment scale (THI) score and tinnitus
evaluation questionnaire (TEQ).

2.4. Statistical Processing. RevMan5.3 software was adopted
for meta-analysis. Counting data was indexed by relative risk
(OR), and measurement data was indexed by mean differ-
ence (MD). The point estimate and 95% confidence interval
(CI) of each effect are given. χ2 test was adopted for hetero-
geneity test, and I2 was adopted to judge the heterogeneity.
Fixed effect models are used if there is no heterogeneity; if
there is heterogeneity, subgroup analysis, sensitivity analysis,
or descriptive analysis are used; and the random effect model
is used if there is heterogeneity. The difference exhibited sta-
tistically noticeable (P < 0:05). Furthermore, the inverted
funnel chart is drawn to measure the publication bias of
the literature, and the Eggers’s test is used to test the asym-
metry of the funnel chart. Whenever the P value of this test
is less than 0.1, the trim and fill method can be used to cor-
rect the funnel chart and adjust the effect of the potential
release deviation.

3. Results and Analysis

3.1. The Results of Literature Retrieval and the Basic
Situation of Literature Inclusion. We used a computer data-
base to retrieve 1542 articles, 413 articles were eliminated
after removing repeated studies, and 128 were retrieved by
reading the titles and abstracts, after excluding irrelevant
studies, reviews, case reports, and noncontrol literature, 74
articles were obtained, of which 69 had incomplete data
and failed to highlight main outcomes, and finally contained
5 CT [13–20]. There were 282 samples analyzed by meta.
The screening diagram of the literature is shown in

Figure 1, and the basic characteristics of the contained liter-
ature are shown in Table 1.

3.2. Evaluation of the Quality of the Methodology Contained
in the Literature. The five CT articles contained in this meta-
analysis reported the baseline health status of the patients.
All CT mentioned “random allocation,” but did not specify
the random method, and gave detailed intervention mea-
sures and treatment course. The reasons and number of
blind method and lost follow-up or withdrawal were not
described in detail in 5 CT articles. According to the Jadad
scale, we can see that the CT of 5 articles is less than 2 points.
The risk bias analysis is shown in Figures 2 and 3.

3.3. Meta-Analysis Result

3.3.1. Treatment Effective Rate. There were 5 CT studies con-
tained in this study, with 282 samples. A meta-analysis was
carried out on the treatment effectiveness. The results of
the heterogeneity test indicated that Chi2 = 1:94, df = 3, P
= 0:58, and I2 = 0%, showing that the research data con-
tained in the study show distinct heterogeneity, and the fixed
effect model was adopted to analyze (Figure 4). It is sug-
gested that acupuncture associated with physical and mental
intervention has a noticeable effect on idiopathic tinnitus.

3.3.2. THI Scoring. There were 5 CT studies contained in this
study, with 282 samples. The meta-analysis of THI scores
after treatment was performed. The results of the heteroge-
neity test indicated that Chi2 = 22:26, df = 3, P < 0:0001,
and I2 = 87%, showing that the research data contained in
the study show distinct heterogeneity. The random effect
model was adopted to analyze (Figure 5). The THI score of
the study group after treatment was noticeably lower
(P < 0:05), suggesting that acupuncture associated with
physical and mental intervention is helpful for the recovery
of patients with idiopathic tinnitus.

3.3.3. TEQ Score. There were 5 CT studies contained in this
study, with 282 samples. Meta-analysis was performed on
the severity classification of tinnitus after treatment. The
results of the heterogeneity test indicated that Chi2 = 16:81,
df = 8, P = 0:03, and I2 = 52%, showing that the research
data contained in the study show distinct heterogeneity,
and the random effect model (Figure 6) analysis shows that
the severity of tinnitus in the study group after treatment
was noticeably lower (P < 0:05).

3.3.4. Publication Bias Analysis. The inverted funnel chart
was used to analyze the publication bias of the study with
the treatment efficiency as the outcome index (Figure 7).
The results indicated that most of the funnel charts were
symmetrical and a few were asymmetrical, suggesting that
there was a certain publication bias in the contained litera-
ture. This may be relevant to the heterogeneity of the study
and the small number of contained literatures.
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4. Analysis and Discussion

This study systematically, quantitatively, and comprehen-
sively analyzed the results of multiple independent studies
of the same kind through. Meta-analysis was performed to
assess the clinical efficacy of acupuncture in the treatment
of patients with idiopathic tinnitus in relation to physical
and psychiatric interventions and to provide an objective
basis for clinical application. With the aggravation of the
aging population and the increase of environmental noise,
the incidence of tinnitus is increasing year by year. Accord-
ing to epidemiological investigation, it is conservatively esti-
mated that about 39 million elderly people in China suffer
from tinnitus; 26 million tinnitus patients are seriously
affected by tinnitus, and their life quality is seriously declin-
ing; 6.5 million patients are unable to live, work, and study
normally because of tinnitus [24]. Tinnitus is still poorly
understood as far as its mechanism is concerned. Some
researchers such as Lee et al. [25] believe that the abnormal
electrical activity of nerve fibers in the auditory conduction
pathway is the basis of tinnitus, and the limbic system and
autonomic nervous system are involved in the formation of
tinnitus. Some researcher Qiu and Liu [26] also realized that

nonauditory problems such as mental psychology, sleep,
anxiety, and depression can also cause tinnitus and pointed
out that after psychological and sleep problems were
improved, tinnitus-related symptoms were also improved.
In fact, in addition to ear surgery, diseases caused by tinnitus
through surgical treatment can play a better effect, most
other tinnitus can only be symptomatic treatment. Western
medicine through the intervention of the primary disease,
moderate improvement of inner ear microcirculation, and
nutritional nerve drug treatment can improve tinnitus
symptoms to a certain extent, but the cost of long-term use
of western medicine is high, which will restrict patients with
limited economic conditions.

The theory of TCM considers that the liver and the ear
are closely related to the physiological functions, and the
long-term emotional discomfort can lead to stagnation of
liver qi, loss of relaxation, stagnation of qi mechanism,
imbalance of ascending and descending, stagnation of fire
for a long time, and stagnation of fire circulation. After dis-
turbing the orifice, the disease will cause tinnitus. Therefore,
liver-qi stagnation syndrome is a common syndrome of tin-
nitus. The “Nei Jing” clearly records tinnitus and expounds
the pathogenesis of tinnitus from the perspective of TCM,
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Figure 1: The screening diagram of the literature.
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which believes that the occurrence of tinnitus is relevant to
the internal organs and is closely relevant to the liver, spleen,
and kidney. Yao et al. [13] believe that most of the patients
with modern tinnitus are “liver depression,” and the treat-
ment of tinnitus from “liver depression” has received a good
clinical effect. Acupuncture therapy in the external therapy
of TCM shows a certain potential when treating tinnitus
because of its low cost and outstanding effect. Acupuncture
can improve the microcirculation of the inner ear, correct
the hypoxia-ischemic state of cochlear cells, and regulate
the release of neurotransmitters so as to repair inner ear cells
and improve hearing. Researcher Gong et al. [27] evaluated

the current situation of acupuncture treatment of tinnitus
in China through meta-analysis and concluded that acu-
puncture therapy is distinctly better than drug therapy. This
further provides a theoretical basis for acupuncture treat-
ment of tinnitus. At present, there are many methods to
treat tinnitus in western medicine, including masking ther-
apy and acclimatization therapy, but the curative effect is
unstable, so it is necessary to seek a more effective treatment
of tinnitus.

The expert consensus in China pointed out that idio-
pathic tinnitus should be treated with tinnitus combined
management (TCM), that is, tinnitus counseling, behavioral
cognitive therapy, drug therapy, and sound therapy; and
psychological counseling is the key (1). The American guide-
lines for Clinical Application of Tinnitus focus on persistent
annoying tinnitus (the course of disease > 6 months). The
guidelines believe that tinnitus can be improved spontane-
ously and lack of high-quality evidence to treat new tinnitus.
It is considered to be related to the medical model of family
doctors in the United States. In the United States, acute tin-
nitus is mainly treated by family doctors, and it is often
beyond the acute stage when transferred to an ear, nose,
and throat specialist for treatment. Often lose the opportu-
nity to treat new tinnitus. This guide recommends cognitive
behavioral therapy, sound therapy, hearing aid evaluation,
etc. The European guidelines for multidisciplinary tinnitus:
diagnosis, evaluation, and treatment strongly recommend
cognitive behavioral therapy and cochlear implants for tin-
nitus patients with hearing loss, because the existing evi-
dence shows that treatment measures may do more harm
than good. They are opposed to repeated transcranial stimu-
lation and drug therapy and do not comment on acclimati-
zation therapy, sound therapy, and acupuncture therapy
because of the low level of existing evidence [28, 29]. The
clinical practice guide for the diagnosis and treatment of
chronic tinnitus in Japan [30] discusses the treatment of
chronic tinnitus (the course of disease is more than 3
months). In recent years, the therapeutic effects of tinnitus
are quite different, and even the conclusions are contradic-
tory. The German “Tinnitus Diagnosis and Treatment
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Outline” mainly refers to the treatment plan for sudden
deafness when treating idiopathic tinnitus, but the efficacy
lacks high-quality clinical evidence support.

Associated with the results of this study, there were 5
CTs contained, with 282 samples. Meta-analysis was con-
ducted on the treatment effective rates. The results of the
heterogeneity test indicated that Chi2 = 1:94, df = 3, P =
0:58, and I2 = 0%, showing that the research data contained
in the study show distinct heterogeneity. The fixed effect
model analysis indicated that the treatment effective rate of
the study group was noticeably better (P < 0:05). This shows
that acupuncture associated with physical and mental inter-
vention is effective when treating idiopathic tinnitus. From
the literature contained in this study, a large number of stud-
ies on acupuncture associated with physical and mental
intervention when treating idiopathic tinnitus have been
carried out in China, including random control group, dou-
ble-blind, and multicenter high-level research. It shows that
TCM acupuncture associated with physical and mental
intervention has high clinical value for patients with idio-
pathic tinnitus. The reason why this treatment scheme has
a good curative effect is that acupuncture therapy can cure
both the symptoms and root causes, starting with the source
of the disease and selecting acupoints. It can not only notice-
ably improve the inner ear microcirculation and cochlear
cell ischemia and hypoxia but also repair inner ear cells,
noticeably improve the hearing level of patients, and gener-
ally not easy to relapse after treatment. Physical and mental
intervention can systematically improve the physical and
mental state and life quality of patients and further enhance
the clinical efficacy. Meta-analysis was performed on the
THI score and tinnitus severity classification after treatment.

The results of the heterogeneity test indicated that THI
score: Chi2 = 22:26, df = 3, P < 0:0001, and I2 = 87%; sever-
ity of tinnitus: Chi2 = 16:81, df = 8, P = 0:03, and I2 = 52%;
the results indicated that the research data contained in the
study show distinct heterogeneity. According to the random
effect model analysis, the THI score and TEQ score of the
study group were noticeably lower (P < 0:05). It is suggested
that acupuncture associated with physical and mental inter-
vention is helpful to the recovery of patients with idiopathic
tinnitus. The decrease of THI score and TEQ score also fully
confirmed the science and effectiveness of this treatment
scheme. Acupuncture and physical and mental intervention
treatment can noticeably improve the clinical symptoms of
patients and accelerate the recovery of their condition. It also
shows that this treatment scheme has a broad prospect of
clinical application. The same idea can be found in the study
put forward by Chen et al. [31]. They have applied new
methods in the study, and the conclusions drawn can also
give some support to this study. This paper still have some
limitations: (1) the inclusion and exclusion criteria are stric-
ter, and the final number of contained literature is less; (2)
the follow-up time of all studies is short, so there are some
limitations; (3) the evaluation of quality methodology con-
tained in the literature is not high, and there is diversity in
the use of acupuncture methods, the type of control group,
the selection of outcome indicators, and physical and mental
intervention measures, which increases the heterogeneity
among studies. More large samples and high-quality ran-
domized controlled trials are needed to provide evidence
support for the efficacy of acupuncture when treating idio-
pathic tinnitus; (4) this paper failed to find the source of het-
erogeneity through subgroup analysis, which needs to be
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followed up by scholars to provide more support for acu-
puncture associated with physical and mental intervention
when treating idiopathic tinnitus, and more high-quality
controlled trials need to be performed to verify it.

5. Conclusion

To sum up, acupuncture associated with physical and men-
tal intervention is effective when treating idiopathic tinnitus,
which can noticeably reduce the severity of tinnitus, reduce
the discomfort caused by tinnitus, enhance their hearing
level, and improve their life quality. This conclusion is con-
sistent with the original literature.
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Background. Cerebral hemorrhage, also known as hemorrhagic stroke, is a common clinical cerebrovascular disease, accounting
for about 10%-30% of stroke, with high morbidity and mortality. Objective. To observe the effect of optimal management of
hyperglycemia and intensive nursing on blood glucose control level and complications in patients with postoperative cerebral
hemorrhage. Methods. One hundred and eight patients with postoperative cerebral hemorrhage comorbid with stress
hyperglycemia admitted to our neurosurgery department from February 2019 to February 2022 were selected and divided into
a general group of 54 cases and an optimized group of 54 cases by simple random method. The general group was managed
with conventional care, while the optimized group developed optimized management of hyperglycemia for intensive care. The
indexes related to blood glucose control, electrolytes, National Institutes of Health Stroke Scale (NIHSS) scores, Barthel Index
(BI) scores, and time to achieve blood glucose standard, insulin pumping time, patient satisfaction, and prognosis were
compared between the two groups. Results. Before intervention, there was no statistical significance in the comparison of blood
glucose control-related indicators and electrolytes between the two groups (P > 0:05). After 7 d and 14 d of intervention, the
fasting blood glucose and 2 h postprandial blood glucose in the two groups were lower than before, while K+ and Na+ were
higher than before (P < 0:05). The blood glucose indexes at the same time point in the optimized group were found to be
lower than those in the general group by statistical analysis, but electrolytes were not statistically significant when compared
with the general group (P > 0:05). In the optimized group, the time to achieve blood glucose standard (6:59 ± 1:94) d and
insulin pumping time (7:14 ± 1:89) d were shorter than those in the general group [(7:48 ± 2:12) d and (8:58 ± 2:14) d], insulin
dosage (748:85 ± 63:61) U was less than that in the general group (923:54 ± 84:14) U, and the incidence of hypoglycemia
(3.70%) was lower than that in the general group (16.67%), and the satisfaction rate (92.59%) was higher than that of the
general group (77.78%), which was statistically significant (P < 0:05). Before intervention, there was no significant difference in
NIHSS score and BI score between the two groups (P > 0:05). After 7 d and 14 d of intervention, the NIHSS scores of the two
groups were lower than before, while the BI scores were higher than before, and the NIHSS scores of the optimized group at
the same time point were all lower than those of the general group, and the BI scores were higher than those of the general
group (P < 0:05). The incidence of pulmonary infection (11.11%) and rebleeding (7.41%) in the optimized group were lower
than those in the general group (25.93% and 22.22%), while deep vein thrombosis, multiple organ dysfunction syndrome
(MODS), and death within 28 d was not statistically significant when compared with the general group (P > 0:05). Conclusion.
Optimal management of hyperglycemia and intensive nursing can effectively control the blood sugar level of patients after
cerebral hemorrhage, reducing insulin dosage, and the occurrence of hypoglycemia, pulmonary infection, and rebleeding.
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1. Introduction

The formation of hematoma causes local brain tissue com-
pression and ischemia, requiring surgical removal of the
hematoma [1, 2]. Cerebral hemorrhage and surgery can cause
stress response, with stress hyperglycemia as one of the main
manifestations of stress hyperglycemia, but its mechanism is
still unclear. Previous studies have shown that the disorder
of neuroendocrine-humoral regulation system, abnormal
secretion of various antiregulatory hormones, and disorder
of blood glucose regulation-related hormones are one of the
important mechanisms of stress hyperglycemia [3, 4].

It has been found that the incidence of stress hyperglyce-
mia after cerebral hemorrhage is more than 50%, which is
not only related to the severity of cerebral hemorrhage but
also one of the independent risk factors affecting the neuro-
logical deficit and prognosis of patients with cerebral hemor-
rhage [5, 6]. At present, insulin is often used in clinical
treatment of stress hyperglycemia, but there are still some
patients with poor blood glucose control and many compli-
cations [7, 8]. Hyperglycemia optimal management inten-
sive care is a care model focusing on glycemic control.
This study observed the effect of hyperglycemia optimal
management intensive care on the level of glycemic control
and complications in postoperative patients with cerebral
hemorrhage, which is reported below.

Core tips: stress hyperglycemia after cerebral hemor-
rhage is harmful, and effective control of blood glucose is
the focus of postoperative treatment. In this study, patients
with cerebral hemorrhage were treated with high blood glu-
cose optimization management intensive nursing interven-
tion. It was found that it can effectively control the blood
glucose level of patients after cerebral hemorrhage, reduce
the amount of insulin, and reduce the incidence of hypogly-
cemia, pulmonary infection, and rebleeding.

1.1. Data and Methods

1.1.1. Case Selection. Inclusion criteria: (1) the cerebral hem-
orrhage met the criteria of the Chinese Guidelines for the
Diagnosis and Treatment of Cerebral Hemorrhage [9], and
the location of the hemorrhage was confirmed by brain CT;
(2) the age was 18-75 years old, regardless of gender; (3) all
patients were treated with minimally invasive surgery; (4)
two consecutive randomblood glucose values > 11:1mmol/L
and normal glycosylated hemoglobin (HbA1c); (5) the blood
glucose was controlled by insulin pump; (6) no previous his-
tory of diabetes mellitus, and preoperative blood glucose levels
were normal; (7) consent signed by the patient or his family.

Exclusion criteria: (1) history of drug use affecting blood
glucose; (2) hyperglycemia due to diabetes and other dis-
eases; (3) previous history of long-term glucocorticoid use;
(4) presence of gastrointestinal damage, chronic constipa-
tion, and abnormal liver and kidney function; (5) poor over-
all condition of the patient with an expected survival of less
than 6 months; (6) concomitant malignancy.

1.1.2. Case Collection. One hundred and eight patients with
postoperative cerebral hemorrhage comorbid with stress
hyperglycemia admitted to our neurosurgery department

from February 2019 to February 2022 were selected, of whom
58 were male and 50 were female; age ranged from 41 to 75
years, mean (61:89 ± 10:77) years, onset to admission time
ranged from 3h to 24h, mean (7:89 ± 2:71) h. The simple ran-
domization method was used to divide the patients into gen-
eral group 54 cases and 54 cases in the optimized group, and
the two groups of patients were comparable (P > 0:05).

1.2. Method. In the general group, conventional nursing
management was adopted, and patients were instructed to
eat low-salt, low-fat diet, quit smoking and alcohol, and were
given comprehensive intervention such as reducing intracra-
nial pressure, controlling blood pressure, blood lipids, anti-
platelet, anticoagulation, nutritional nerve, and maintaining
water and electrolyte balance. When the random blood glu-
cose was >11.1mmol/L, the continuous intravenous infusion
of insulin was given. The blood glucose control objectives
were fasting blood glucose < 6:1mmol/L and postprandial 2
h blood glucose < 7:8mmol/L.

The optimization group formulated hyperglycemia opti-
mization management for intensive care. The intensive nurs-
ing intervention group was established to receive training on
knowledge related to hyperglycemia optimization manage-
ment, including the harm of stress hyperglycemia to the ner-
vous system, the relationship between enteral nutrition and
intravenous corresponding insulin dose, and hyperglycemia
optimization management plan. The nursing staff performed
all nursing operations according to the optimal hyperglyce-
mia management plan, closely observed the condition, regu-
larly monitored the blood glucose, and adjusted the nutrient
intake and insulin dose according to the blood glucose
monitoring results. If there is any abnormal blood glucose
situation, it will be reported to the endocrinologist and
neurosurgeon in time to give timely treatment. Insulin is
administered by intravenous pump, and each insulin is
administered for no more than 8h. The nurse manager is
responsible for monitoring the implementation of the pro-
gram, including blood glucose monitoring, insulin dose
adjustment, and data recording. Attention should be paid
to identifying symptoms of hypoglycemia, especially in
patients with disturbance of consciousness, such as sweating,
rapid breathing, aggravation of disturbance of consciousness
or blood glucose < 3:9mmol/L immediately according to the
hypoglycemic process, suspending insulin pumping, and
quickly injecting 50% glucose injection.

1.3. Observation Indicators and Detection Methods. Blood
glucose control-related indicators, electrolytes, National
Institutes of Health Stroke Scale (NIHSS) score, Barthel
index (BI) score, blood glucose compliance time, insulin
pump time, patient satisfaction, and prognosis were com-
pared between the two groups.

A total of 3mL of venous blood specimens from the
upper limbs of both groups were drawn before, 7 d and
14 d after the intervention, and fasting blood glucose and
electrolyte indicators K+ and Na+ were measured by a fully
automatic biochemical analyzer (Hitachi, model 7600,
Japan). Blood was collected again 2 h after eating to test
the postprandial 2 h blood glucose.
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1.4. Score Standard. The satisfaction was measured by the
hospital-made scale, including the environment, working
ability of medical staff, and blood glucose control. The score
was 0–100 points, and the score was proportional to the sat-
isfaction. The score 90 or above was considered very satis-
fied, 70-90 was considered satisfied, and below 70 was
considered dissatisfied. NIHSS score, with the range of 0-
42 points, high or low score represented the size of nerve
defect. BI score, with the range of 0-100 points, score level
indicated the level of daily living ability.

1.5. Statistical Method. The data were processed by
SPSS19.0. The K-S method was used to test the normality
of measurement data such as age. The measurement data
conforming to the normal distribution were described by
(−χ ± s). The t test was used for comparison. The enumera-
tion data such as gender were described by the number of
cases (%). The χ2 test of four-grid table or row × list was
used for comparison. P < 0:05 was statistically significant.

2. Results

2.1. Comparison of Baseline Data between Two Groups.
There was no significant difference in the initial fasting
blood glucose, body mass index, hematoma volume, admis-
sion GCS score, gender, age, smoking history, PT, Fib and
PLT between the two groups (P > 0:05) (see Table 1).

2.2. Comparison of Blood Glucose Control between Two
Groups. Before intervention, there was no significant differ-
ence in blood glucose control-related indicators between
the two groups (P > 0:05). After 7 d and 14d of intervention,
the fasting blood glucose and 2h postprandial blood glucose
in the two groups were lower than those before intervention,
and the blood glucose indexes at the same time point in the
optimized group were statistically lower than those in the
general group (P < 0:05) (see Table 2).

2.3. Comparison of Insulin Dosage and Blood Glucose
Compliance Time between the Two Groups. The blood glu-
cose compliance time and insulin pump time in the opti-
mized group were shorter than those in the general group,
the insulin dosage was less than that in the general group,
and the incidence of hypoglycemia was lower than that in
the general group, with statistical significance (P < 0:05)
(see Table 3).

2.4. Comparison of Electrolyte between Two Groups. Before
intervention, there was no significant difference in electro-
lyte between the two groups (P > 0:05). After 7 d and 14 d
of intervention, K+ and Na+ in the two groups were higher
than those before, but the electrolyte in the two groups at
the same time was not statistically significant (P > 0:05)
(see Table 4).

2.5. Comparison of Satisfaction between the Two Groups. The
satisfaction of the optimized group was 92.59% (50/54),
which was higher than 77.78% (42/54) of the general group,
with statistical significance (P < 0:05) (see Table 5).

2.6. Comparison of NIHSS Score and BI Score between the
Two Groups. Before intervention, there was no significant
difference in NIHSS score and BI score between the two
groups (P > 0:05). After 7 d and 14 d of intervention, the
NIHSS score of the two groups decreased, while the BI score
increased. The NIHSS score of the optimized group was
lower than that of the general group at the same time point,
and the BI score was higher than that of the general group
(P < 0:05) (see Table 6).

2.7. Comparison of Prognosis between Two Groups. The inci-
dence of pulmonary infection and rebleeding in the opti-
mized group was lower than that in the general group,
while the incidence of deep vein thrombosis, MODS, and
death within 28 days in the optimized group was not statis-
tically significant compared with that in the general group
(P > 0:05) (see Table 7).

3. Discussion

Stress hyperglycemia is one of the common complications
in neurocritical patients, and stress conditions can cause
neuroendocrine disorders; as a result, stress hormones such
as cortisol hormone, glucagon, and adrenal hormone are
secreted in large amounts, promoting gluconeogenesis
and causing massive hepatic glycogen synthesis. Neuroendo-
crine disorders can also lead to insulin resistance in the body
[10–12]. Hematoma compression can lead to hypothalamus-
pituitary-adrenal axis injury and reduce the biological
uptake and utilization of glucose in peripheral tissues [13,
14]. In contrast, hyperglycemic state can affect brain tissue
energy metabolism, leading to acidosis due to lactic acid
accumulation and can induce oxidative stress, which aggra-
vates neuronal cell damage and is detrimental to the progno-
sis of patients with cerebral hemorrhage [15, 16]. Therefore,
clinical attention has been paid to the treatment of stress
hyperglycemia in neurosurgical patients.

For patients with cerebral hemorrhage, dehydration to
reduce intracranial pressure treatment can lead to blood vis-
cosity, and the body is in a state of high catabolism after
operation, which requires nutritional support treatment,
and it is also easy to induce hyperglycemia [17, 18]. At pres-
ent, the overall control effect of clinical stress hyperglycemia
is not ideal. The reason for the poor therapeutic effect of
insulin is not the problem of hyperglycemia, but the damage
caused by large-scale blood glucose fluctuations and hypo-
glycemia [19, 20]. In this study, it was found that the fasting
blood glucose and postprandial 2 h blood glucose of patients
receiving intensive nursing intervention with optimized
management of hyperglycemia after 7 d and 14d were lower
than those of patients receiving ordinary nursing interven-
tion. The time of blood glucose reaching the standard and
the time of insulin pump were shorter than those who
received ordinary care intervention, the insulin dosage was
less than those who received ordinary care intervention,
and the incidence of hypoglycemia was lower than those
who received ordinary care intervention. The above results
suggest that intensive care for optimal management of
hyperglycemia can effectively control the blood glucose level,
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Table 3: Comparison of insulin dosage and blood glucose reaching time between two groups.

Group n
Blood sugar target
time [ −χ ± sð Þx, d]

Insulin pump
time [(−χ ± s), d]

Insulin dosage
[(−χ ± s), U]

Hypoglycemia
[n (%)]

General group 54 7:48 ± 2:12 8:58 ± 2:14 923:54 ± 84:14 9(16.67)

Optimized group 54 6:59 ± 1:94 7:14 ± 1:89 748:85 ± 63:61 2(3.70)

χ2/t 2.276 3.706 12.170 4.960

P 0.025 0.000 0.000 0.026

Table 4: Comparison of electrolytes between the two groups [(−χ ± s), mmol/L].

Group n
K+ Na+

Before intervention Intervention 7 d Intervention 14 d Before intervention Intervention 7 d Intervention 14 d

General group 54 3:81 ± 0:15 4:15 ± 0:19∗ 4:23 ± 0:23∗ 134:25 ± 4:15 142:15 ± 6:98∗ 148:85 ± 6:11∗

Optimized group 54 3:79 ± 0:18 4:18 ± 0:17∗ 4:25 ± 0:28∗ 132:98 ± 5:84 143:02 ± 5:84∗ 146:78 ± 8:54∗

t 0.627 0.865 0.406 1.303 0.702 1.449

P 0.532 0.389 0.686 0.196 0.484 0.150

Compared with before intervention, ∗P < 0:05.

Table 2: Comparison of blood sugar control between the two groups [(−χ ± s), mmol/L].

Group n
Fasting blood sugar 2 h postprandial blood glucose

Before intervention Intervention 7 d Intervention 14 d Before intervention Intervention 7 d Intervention 14 d

General group 54 9:57 ± 1:45 7:25 ± 1:23∗ 5:75 ± 0:84∗ 13:58 ± 3:85 10:05 ± 2:15∗ 8:15 ± 1:36∗

Optimized group 54 9:74 ± 1:29 6:54 ± 1:04∗ 5:23 ± 0:67∗ 13:49 ± 3:79 8:56 ± 1:73∗ 5:57 ± 1:04∗

t 0.644 3.239 3.556 0.122 3.968 11.074

P 0.521 0.002 0.001 0.903 0.000 0.000

Compared with before intervention, ∗P < 0:05.

Table 1: Comparison of baseline data between the two groups.

Normal information General group (n = 54) Optimized group (n = 54) χ2/t P

Gender [n (%)]

Male 30 (55.56) 28 (51.85)
0.149 0.700

Female 24 (44.44) 26 (48.15)

Age [(−χ ± s), age] 61:74 ± 11:05 60:49 ± 11:41 0.578 0.564

Body mass index [(−χ ± s), kg/m2] 7:45 ± 2:86 7:91 ± 2:94 0.824 0.412

Initial fasting blood glucose [(−χ ± s), mmol/L] 9:57 ± 1:45 9:74 ± 1:29 0.644 0.521

Admission GCS score [n (%)]

9-12 minutes 35 (64.81) 32 (59.26)
0.354 0.552>12 minutes 19 (35.19) 22 (40.74)

Hematoma volume [(−χ ± s), mL] 102:56 ± 35:89 99:74 ± 38:12 0.396 0.693

Smoking history [n (%)]

Have 18 (33.33) 15 (27.78)
0.393 0.531

None 36 (66.67) 39 (72.22)

PT [(−χ ± s), s] 18:52 ± 4:56 18:39 ± 4:74 0.145 0.885

Fib [(−χ ± s), g/L] 2:76 ± 1:02 2:71 ± 0:98 0.260 0.796

PLT [(−χ ± s), ×109/L] 231:56 ± 74:88 227:96 ± 81:04 0.240 0.811
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reduce insulin dosage, and decrease hypoglycemia in patients
after cerebral hemorrhage. This is due to high blood sugar
optimization management intensive nursing intervention
through regular monitoring of blood sugar, timely upload
data to neurology and nutrition doctors, and jointly develop
reasonable blood sugar control objectives, intervention of
individualized insulin therapy, and nutritional intervention
[21–23]. When insulin was injected intravenously, physio-
logical insulin secretion mode was simulated as much as pos-
sible, and timely adjustment of enteral nutrition was helpful
to control blood glucose fluctuation, effectively reduce blood
glucose variability, and maintain blood glucose stability
[24–26]. In this study, the electrolyte level was also detected.
After intervention, K + and Na+ in the two groups increased,
but there was no significant difference between the two
groups. Because both groups attach importance to maintain-
ing water-electrolyte balance during treatment.

In this study, it was found that the NIHSS score of
patients receiving intensive nursing intervention with opti-
mized management of hyperglycemia after 7 d and 14 d
was lower than that of patients receiving ordinary nursing
intervention, while the BI score was higher than that of
patients receiving ordinary nursing intervention. The results
suggest that the intensive nursing of hyperglycemia optimi-
zation management can effectively improve the degree of
nerve defect and the ability of daily living in patients with
cerebral hemorrhage after operation. This is due to the opti-
mal management of hyperglycemia intensive nursing inter-

vention mode of patients with better blood glucose control
can avoid hyperglycemia damage to neurons [27–29].
Hyperglycemia can increase the anaerobic metabolism of
brain tissue, destroy mitochondria, produce a large number
of free radicals, and increase the Ca2 + influx of nerve cells
[30–32]. Hyperglycemia can also cause excessive release
and accumulation of excitatory amino acids such as gluta-
mate, causing neuronal damage [33, 34].

This study also found that the incidence of pulmonary
infection and rebleeding in patients receiving intensive nurs-
ing intervention with optimized management of hyperglyce-
mia was lower than that in patients receiving ordinary
nursing intervention, while there was no significant differ-
ence in the incidence of deep vein thrombosis, MODS, and
death within 28 days between the two groups. Those who
received intensive nursing intervention for optimal manage-
ment of hyperglycemia were more satisfied than those who
received ordinary nursing intervention. The above results
suggest that intensive nursing of high blood glucose optimi-
zation management can reduce the risk of pulmonary infec-
tion and rebleeding. This is related to the improvement of
immune function after stable blood glucose control, and sta-
ble blood glucose also helps to protect vascular endothelial
cells and blood-brain barrier and prevent secondary brain
injury and rebleeding [35].

In conclusion, intensive care for optimal management
of hyperglycemia can effectively control the blood glucose
level of patients after cerebral hemorrhage, reducing

Table 5: Comparison of compliance between the two groups [n (%)].

Group n Very satisfied Satisfy Dissatisfied Satisfaction

General group 54 19 (35.19) 23 (42.59) 12 (22.22) 42 (77.78)

Optimized group 54 28 (51.85) 22 (40.74) 4 (7.41) 50 (92.59)

χ2 4.696

P 0.030

Table 6: Comparison of NIHSS scores and BI scores between the two groups [(−χ ± s), minute].

Group n
NIHSS score BI score

Before intervention Intervention 7 d Intervention 14 d Before intervention Intervention 7 d Intervention 14 d

General group 54 19:02 ± 4:74 16:52 ± 3:15∗ 12:23 ± 2:56∗ 48:52 ± 8:56 56:96 ± 7:45∗ 67:14 ± 6:22∗

Optimized group 54 18:89 ± 4:58 14:49 ± 2:87∗ 10:04 ± 2:18∗ 47:63 ± 9:11 63:22 ± 6:57∗ 76:86 ± 6:35∗

t 0.145 3.501 4.786 0.523 4.631 8.036

P 0.885 0.001 0.000 0.602 0.000 0.000

Compared with before intervention, ∗P < 0:05.

Table 7: Comparison of prognosis between the two groups [n (%)].

Group n Deep vein thrombosis MODS Lung infection Rebleeding Die within 28 days

General group 54 3 (5.56) 5 (9.26) 14 (25.93) 12 (22.22) 3 (5.56)

Optimized group 54 1 (1.85) 1 (1.85) 6 (11.11) 4 (7.41) 1 (1.85)

χ2 1.039 2.824 3.927 4.696 1.039

P 0.308 0.093 0.048 0.030 0.308
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insulin dosage, and decreasing the occurrence of hypogly-
cemia, pulmonary infection, and rebleeding.
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Aims. To explore the study of the relationship between the level of gut flora in childhood obese people and normal healthy people
based on the analysis of machine learning. Materials and Methods. The stools of 54 normal weight, 53 overweight, and 59 obese
children from May 2021 to May 2022 were selected. And DNA was extracted, and primers specific for the four bacteria were
designed according to the specificity of the four bacteria to the 16 S rDNA gene sequences of the bacteria to be tested, and
real-time fluorescence quantitative PCR reactions were performed to compare whether there was any difference in the number
of the four bacteria between the three groups. Results. The results of agarose gel electrophoresis showed that the PCR
amplification products of all four target bacteria showed clear bands at the corresponding positions, and no nonspecific bands
appeared. When compared with the marker, the size matched with the target fragment, indicating good primer specificity. The
comparison between normal body recombinant, super recombinant, and obese groups was statistically significant (P < 0:05) for
rectal eubacteria, polymorphic anaplasma, bifidobacteria spp., and lactobacilli. The median number of bifidobacteria in the
three groups was significantly higher than the median number of rectal eubacteria, polymorphomycetes, and lactobacilli. The
difference in comparison was statistically significant (P < 0:05). Stratified analysis of children’s age revealed that normal body
composition of Lactobacillus decreased with increasing age, and the difference was statistically significant (P < 0:05).
Conclusion. An increase in rectal eubacteria and a decrease in polymorphomycetes, bifidobacteria spp., and lactobacilli may be
associated with the development of obesity. The numbers of rectal eubacteria, polymorphic methanobacteria, bifidobacteria
spp., and lactobacilli in the intestine of normal weight and obese children were less affected by sex and age.

1. Introduction

With the development of the economy and the improvement
of people’s living standards, in the past three decades, the
three indicators of body mass index, prevalence of obesity,
and prevalence of overweight individuals have increased sig-
nificantly worldwide. Health risks have received extensive
attention from researchers around the world [1]. Prevention
and treatment of obesity and related complications have
been shown to be lengthy and complex, and successful strat-
egies for treating obesity remain limited. Epidemiological
studies have revealed potential environmental factors that
affect obesity, including diet, energy expenditure, lack of

sleep, endocrine disorders, chronic inflammation, and
microbiome status, which may lead to an increased risk of
obesity [2].

Under normal circumstances, the intestinal flora main-
tains a dynamic balance with the internal and external envi-
ronment of the human body. Once this balance is broken,
intestinal microbial structural imbalance will occur, which
will lead to the occurrence and development of obesity and
related metabolic diseases. Studies have shown that Firmi-
cutes are closely related to obesity because they can better
assist the body to absorb energy from the external environ-
ment [3]. In recent years, the relationship between intestinal
flora and diseases has attracted extensive attention from
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scholars at home and abroad, and many new research ideas
have been proposed, some of which have also made break-
throughs [4]. However, there are still few studies on the rela-
tionship between gut microbiota and children of different
weights, especially the relationship between overweight and
obese children and some specific microbiota [5]. In order
to reasonably integrate and correlate massive data with rele-
vant biological information, so as to better serve practical
applications, researchers have introduced machine learning
methods into the analysis of gut microbiota data as early as
six years ago [6]. Compared with classical statistical
methods, machine learning is more suitable for dealing with
large-scale learning problems and shows excellent perfor-
mance when dealing with high-dimensional structured data
obtained by metagenomic sequencing [7]. Machine learning
methods can deeply mine the interaction information con-
tained in the flora data by extracting features, which can deal
with a variety of biological information problems, identify
relevant biomarker variables based on sparse data, and pre-
vent overfitting [8]. For multitask problems, the perfor-
mance is improved by using information from various
related tasks, for clustering feature analysis of unlabeled data
[9]. We studied the characteristics of intestinal flora changes
in obese children and explored the relationship between
intestinal flora and obesity, in order to provide a theoretical
basis for the prevention and treatment of obesity by regulat-
ing intestinal flora.

2. Material and Methods

2.1. Research Object. Stools of 54 normal weight, 53 over-
weight, and 59 obese children were selected from May
2021 to May 2022. Normal weight children and overweight
and obese children were screened strictly according to the
predefined inclusion and exclusion criteria, and fresh stools
were collected using disposable stool collection tubes and
stored at -80°C.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria are as
follows: (i) aged between 6 and 11 years old; (ii) meeting the
criteria for determining normal weight, overweight, and obe-
sity in children; comparison of BMI (kg/m2) cut-off points
[10] (see Table 1); and (iii) willing to participate in the study
and obtain the consent of the guardian, voluntarily serve as
the subject, and sign the informed consent. Exclusion cri-
teria are as follows: (i) antibiotic use in the past 4 weeks;
(ii) gastrointestinal disorders, past history of gastrointestinal
disease or diarrhea, bloating, abdominal pain or constipation
within the past 4 weeks, trauma, serious infection, and infec-
tious disease; and (iii) hereditary obesity, drug-induced obe-
sity, endocrine disorders, and metabolic diseases.

2.3. Methods

2.3.1. Fecal Genomic DNA Extraction.Weigh 200mg of feces
into a 2ml centrifuge tube and place the tube on ice. Add
1.4ml GSL to the centrifuge tube and shake intermittently
for 1min until the sample is well mixed. Incubate at 70°C
for 5min. Vortex for 15 seconds and centrifuge at
12000 pm for 1 minute. Pipette 1.2ml of supernatant into a

new 2ml centrifuge tube. Take an inhibitor adsorbent tablet
and add it to the supernatant, and shake it sufficiently to
completely disperse and suspend the adsorbent tablet. Place
at room temperature for 1 minute to promote the full effect
of the adsorption sheet. Centrifuge at 12000 rpm for 3
minutes. Transfer the supernatant to a new 1.5ml centrifuge
tube and centrifuge again for 3min. Transfer 200μl of the
supernatant to a new 1.5ml centrifuge tube, then add 15μl
proteinase K and 200μl GB, and vortex for 15 seconds. Incu-
bate at 70°C for 10 minutes. After a brief centrifugation, add
200 absolute ethanol. Vortex to mix and briefly centrifuge
again. The solution was transferred to an adsorption column
and centrifuged at 12000 pm for 30 seconds, and the waste
liquid was discarded. Add 500μl GD, centrifuge for 30 sec-
onds, and discard the waste liquid. Add 600 lPW, centrifuge
for 30 seconds, then discard the waste liquid, and repeat the
operation step 14. Centrifuge at 12000 pm for 2 minutes and
discard the waste liquid. Place at room temperature for
about 10 minutes to allow the residual liquid in the adsor-
bent material to dry. Put the adsorption column into a new
1.5ml centrifuge tube, then add 50μl TB dropwise to the
middle of the adsorption membrane, place it at room tem-
perature for 5 minutes, and then centrifuge for 2 minutes.
The solution in the centrifuge tube is the extracted DNA.

2.3.2. Agarose Gel Electrophoresis of PCR Products. Add
20ml of TBE (50×) to 980ml of double-distilled water, and
dilute to TBE (1×) for later use; weigh 1 g of agarose powder,
add 100 l of TBE (1×), and shake gently. Heat in a micro-
wave oven until the agarose is completely melted, cool to
about 60°C, add 10μl of GelRed dye, mix well, and pour it
into the plastic plate with the comb inserted. After the gel
has solidified, take out the comb, put the gel block into the
electrophoresis tank, and add TBE (1×) buffer until the gel
plate is covered. The DNA sample and loading buffer (6×)
were mixed at a ratio of 5 : 1 and added to the sample well,
and finally, the same volume of DNA marker was added.
Turn on the power for electrophoresis, 120V, 30min. After
the electrophoresis is completed, take pictures with a gel
imaging analyzer. Under UV light, the band containing the
target DNA was excised into a clean 1.5ml centrifuge tube
and weighed. According to the weight of the gel, the sol solu-
tion PN was added to the centrifuge tube in proportion
(100μl of PN solution was added to 0.1 g of the gel) and
heated in a 50°C water bath until the gel block was
completely dissolved. Put the adsorption column into the

Table 1: Comparison of different BMI cut-off points for children
and adolescents aged 6-11 years in China.

Age (years)
Overweight Obesity Overweight Obesity

6 16.8 18.4 16.7 18.4

7 17.2 19.2 16.9 18.8

8 17.8 20.1 17.3 19.5

9 18.5 21.1 17.9 20.4

10 19.3 22.2 18.7 21.5

11 20.1 23.2 19.6 22.7

2 Computational and Mathematical Methods in Medicine
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collection tube, transfer the solution to the adsorption column,
leave it at room temperature for 2 minutes, centrifuge at
12000pm for 60 seconds, drain the waste liquid in the collec-
tion tube, then put the adsorption column back into the collec-
tion tube, add 600 l of rinse solution Centrifuge at
PW.12000pm for 1 minute, discard the waste liquid, and put
the adsorption column back into the collection tube. Centri-
fuge again for 3 minutes. After centrifugation, the adsorption
column was left at room temperature for 10 minutes. Put the
adsorption column into a new 1.5 l centrifuge tube, then add
50μl of elution buffer TB dropwise to the middle of the
adsorption membrane, leave it at room temperature for about
5 minutes, and centrifuge for 2 minutes. The solution in the
centrifuge tube is the recovered gel. UV spectrophotometer
detects the concentration: the DNA recovered from the
above-mentioned cutting gel is used as the standard, and the
concentration is detected by the UV spectrophotometer and
converted into the corresponding copy number according to
the formula: copy number = concentration ðnggLÞ × 109 ×
6:02 × 1031 ð660 × the number of bases of the target geneÞ.
Preparation of standard curve: serially dilute each standard 10
times to form 10-10 copies/μl, and carry out real-time fluores-
cence quantitative PCR reaction. To avoid systematic and
manual errors, three replicate wells were made for each con-
centration of standard template. Real-time fluorescent quanti-
tative PCR reaction system 20μ: DNA template 1μl, upstream
and downstream primers each 1μl, 2×RealStar Green Fast
Mixture (with Rox) 10μl, and ddH2O 7μl. The amplification
conditions of real-time quantitative PCR reaction were as fol-
lows: 95°C predenaturation for 2 minutes; 95°C denaturation
for 15 s, Tm annealing for 30 s, 72°C extension for 30 s, 40
cycles; melting curve: 60°C to 95°C for each 0.3°C temperature
increase to collect fluorescence. After the reaction, the Ste-
pOne software automatically draws a standard curve.

2.4. Statistical Analysis. The SPSS 27.0 statistical software
was used for analysis. Count data were expressed as the
number of cases, and differences between the three groups
were compared using chi-square test. If the measurement
data obeyed normal distribution and the variance between
the groups was the same, the data were expressed as mean
± standard deviation, and the differences between groups
were compared using one-way ANOVA, and if the sample
data did not meet several conditions mentioned above, the
data were expressed as median/interquartile spacing, and
the comparison between the three groups was done using
multiple independent sample our rank sum test (Alaska-
Wallis H test) with the test level a = 0:05.

3. Results

3.1. Electrophoresis of PCR Products. The results of agarose
gel electroplate showed that the PC amplification products
of the four target bacteria all showed clear bands at the cor-
responding positions, and no nonspecific bands appeared.
When compared with the marker, the size matched with
the target fragment, indicating good primer specificity
(see Figure 1).

3.2. Differences in the Amount of Bacteria between Groups.
The comparison of antibacterial rectum, Bacteroides poly-
morpha, Bifidobacterium, and Lactobacillus among the nor-
mal weight, overweight, and obese groups was statistically
significant (P < 0:05). The median of Bifidobacterium in
the three groups was significantly higher than that of anti-
bacterial rectum, Bacteroides polymorpha, and Lactobacil-
lus. The difference was statistically significant (P < 0:05)
(see Figure 2).

3.3. Distribution Characteristics of Gut Microbiota in
Different Genders. The gender stratified analysis of chil-
dren showed that there was no significant difference in
the distribution of intestinal flora among normal weight
children, overweight children, and obese children (P > 0:05)
(see Figure 3).

3.4. Distribution Characteristics of Gut Microbiota at
Different Ages. The stratified analysis of children’s age
showed that the normal body weight Lactobacillus decreased
with the increase of age, and the difference was statistically
significant (P < 0:05), and the other differences were not sta-
tistically significant (P > 0:05) (see Figure 4).

4. Discussion

The intestinal flora is closely related to human health. With
the deepening of the research on the intestinal flora, people
have realized that the intestinal flora plays an important role
in the process of energy intake, transformation, and storage
[11]. More and more studies have found that the intestinal
flora has a certain relationship with the occurrence and
development of obesity. Therefore, an in-depth study of
the relationship between the changes in the intestinal flora
and obesity, especially the relationship between specific bac-
teria and obesity, can be used for obesity prevention and
development. Treatment offers new directions [12]. Studies
on the relationship between gut microbiota and obesity have
mainly focused on the phylum level. Studies in both animals
and humans have found that compared with the control
group, the obese individuals have an increase in Firmicutes
and a decrease in Bacteroidetes or Firmicutes/Pseudobacter-
ium The proportion of Bacillus phyla increased [13]. Based
on this, our study is aimed at exploring the relationship

M 1 2 3 4 5 6 7 8 M

500–
250–
100–

200 131 149
349

Figure 1: PCR product electroplate results (M: marker; 1, 2: rectal
antibacterial; 3, 4: polymorphomycetes; 5, 6: Bifidobacterium spp.;
7, 8: Lactobacillus).
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between specific bacteria and obesity through quantitative
research on specific bacteria [14]. Eubacterium rectum is a
representative bacteria in the Firmicutes phylum, with the
role of fermenting glucose or protein [15]. Eubacterium rec-
tum contains genes related to resistant starch-degrading
enzymes, which can reduce glycan-degrading enzymes,
thereby increasing the expression process of selective amino
acid and sugar transport, reducing the level of nicotinamide
adenine dinucleotide (NADH), and promoting sugar fer-
mentation [16]. Therefore, we have reason to think that
Eubacterium rectum may be related to the host’s energy
metabolism. Bacteroides polymorpha is one of the most
studied bacteria in the phylum Bacteroidetes. Because it con-
tains 64 enzymes related to the degradation of polysaccha-
rides, it has a strong ability to digest polysaccharides [17].
At the same time, it can hydrolyze and ferment exogenous
fibrous substances and endogenous mucin to provide energy
for the host [18]. Bacteroides polymorpha can also regulate
and maintain the intestinal microecological balance by syn-
thesizing vitamins, preventing the colonization of foreign
bacteria, and enhancing the body’s immunity [19]. Based
on the characteristics of Eubacterium rectum and Bacter-
oides polymorpha, it can be speculated that changes in their
numbers are closely related to obesity [20]. Probiotics refer
to microorganisms that can benefit health after consump-
tion, and the probiotics that exist in the human gut can also
exert their beneficial effects by improving the intestinal
microecological balance of the body. Bifidobacterium and
Lactobacillus are the two most common probiotics [21].
On the one hand, the probiotic effect of bifidobacteria is to
enhance the adsorption of intestinal mucosa by producing
extracellular polysaccharides and colonize the surface of
intestinal epithelial cells, thereby preventing the colonization
of pathogens or opportunistic pathogens [22]. On the other
hand, lactic acid and acetic acid are produced by decompos-
ing carbohydrates, which makes the intestinal tract an acidic
environment, thereby inhibiting the growth of spoilage bac-

teria and maintaining the microecological balance in the
intestinal tract [23]. Lactobacillus is named because it can
ferment sugars to produce lactic acid, so it can regulate
intestinal microecology like Bifidobacterium [24]. Lactoba-
cillus also has a role in regulating immune function, but
there are relatively few studies on weight control [25].

Our study found that the number of Eubacterium rec-
tum in the overweight and obese children was significantly
higher than that in the normal weight group, and the num-
ber of Eubacterium rectum in the obese group was signifi-
cantly higher than that in the overweight group. It is
speculated that it may lead to obesity by increasing energy
absorption [26]. Some scholars have found that compared
with normal mice, germ-free mice can absorb dietary glu-
cose and metabolize starch but lack the complex fiber for
digestion, so they cannot obtain energy from indigestible
polysaccharides [27]. This indicates that certain gut microbi-
ota can lead to obesity by increasing energy acquisition from
polysaccharide diet [28]. Eubacterium rectum may be one of
these bacteria [29]. Bacteroides polymorpha belongs to the
phylum Bacteroidetes, is a Gram-negative bacterium, and
is one of the most important bacteria in the human body
[30]. Some scholars have found that ordinary people contain
about 30% of Bacteroides in the intestine, while only 3% of
Bacteroides in obese people increased to 15% [31]. The same
is true for studies in mice, where obese mice had less Bacter-
oides than wild-type mice when fed the same low-fat diet but
increased Bacteroides when they lost weight [32]. However,
some scholars have found that the number of Bacteroides
in the intestine of obese people is significantly higher than
that of the lean group, but considering that the method of
in vitro culture combined with microscopy is used and the
number of people in the study is small, it is impossible to
make a firm conclusion on the results [33]. Some scholars
found that the real-time fluorescence quantitative PC tech-
nology was used to quantify B. polymorpha in patients with
type 2 diabetes and normal control groups and found that
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Rectal fungus Polymorphomycetes Bifidobacterium Lactobacillus

Normal body recombination
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Figure 2: Differences in genus amounts between groups. In our study, data on differences in genus amounts between groups were
statistically analyzed and calculated using the SPSS 27.0 statistical software. The measured data were expressed as median, and analysis
of variance using repeated measures showed that rectal bacteria, polymorphic mimics, bactericidal spp., and bacilli were statistically
significant (P < 0:05) when compared between the normal body recombination, super recombination, and obesity groups. The median
number of bactericidal in the three groups was significantly higher than the median number of rectal bacteria, polymorphomycetes, and
bacilli. The difference in comparison was statistically significant (P < 0:05).
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the number of B. polymorpha in the type 2 diabetes group
was lower than that in the normal control group [34]. In
the study of hypertension, the hypertensive group was sig-
nificantly lower than the normal control group, and some
scholars found that the use of Bacteroides polymorpha
gavage in mice found that it has a weight loss effect [35]. A
further study in obese patients found that the number of B.

polymorpha in the gut could be restored to normal weight
levels by bariatric surgery [36]. Both animal and human
studies have demonstrated that the reduction of B. polymor-
pha is associated with obesity.

Our study found that the number of B. polymorpha in
children with overweight and obesity was significantly
higher than that in children with normal weight, but the
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Figure 3: Characteristics of intestinal flora distribution among different genders of children. In our study, data on the characteristics of
intestinal flora distribution among different genders of children were statistically analyzed and calculated using the SPSS 26.00 statistical
software. The measured data were expressed as median, and the analysis of variance using repeated measures showed that the differences
were not statistically significant (P > 0:05) when comparing the intestinal flora distribution characteristics of normal weight children,
overweight children, and obese children, stratified by gender.
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Figure 4: Comparison of intestinal flora distribution characteristics at different ages. In this study, statistical analysis of data on intestinal
flora distribution characteristics at different ages was calculated using the SPSS26.00 statistical software. The measured data were expressed
as mean ± standard deviation, and repeated measures ANOVA showed that stratified analysis of children’s age revealed that normal body
composition of Lactobacillus decreased with increasing age and the difference was statistically significant (P < 0:05); the rest of the
differences were not statistically significant (P > 0:05).
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difference between overweight and obesity groups was not
statistically significant, indicating that the reduction of B.
polymorpha may lead to the occurrence of overweight and
obesity, but the specific mechanism is still unclear, and fur-
ther research is needed. In our study, the four types of intes-
tinal bacteria were stratified by gender and age among the
three groups and found that the normal weight Lactobacillus
decreased with the increase of age, and the difference was
statistically significant. It indicated that the number of Lac-
tobacillus in the normal body group was related to age,
and the number of four bacteria in the other groups had
nothing to do with age and gender. This is similar to the
conclusion found in studies elsewhere in China that the dis-
tribution of gut microbiota in school-age children is less
affected by children’s gender and age. Lactobacillus is also
a probiotic, which can ferment carbohydrates to produce a
large amount of lactic acid, and is one of the important
physiological flora of human [37]. In addition to improving
immunity, anti-inflammatory, anticancer, etc., it also plays
an important role in regulating intestinal flora [38]. A study
found that the body weight and adipose tissue weight of
mice fed with Lactobacillus were significantly lower than
those in the control group, suggesting that Lactobacillus
may control the growth of fat cells [39]. Studies have also
found that Lactobacillus can significantly reduce abdominal
fat and weight loss in obese mice, presumably by reducing
fat absorption and affecting energy metabolism [40]. A num-
ber of epidemiological studies have found that cesarean sec-
tion is a risk factor for childhood obesity. At the same time,
some studies have pointed out that the intestinal tract of
newborns born by cesarean section is mainly Lactobacillus,
while the newborns born by cesarean section are mainly
Staphylococcus and Acinetobacter [41]. Bifidobacterium
belongs to Actinobacteria and is an important probiotic with
the functions of improving immunity, antitumor, and anti-
aging and regulating intestinal flora [42]. It mainly regulates
the intestinal flora through two aspects: on the one hand, by
producing extrabacterial polysaccharides to enhance the
adsorption to the intestinal mucosa and colonize the surface
of intestinal epithelial cells, thereby preventing the coloniza-
tion of pathogens or opportunistic pathogens [43]. On the
other hand, by decomposing carbohydrates to produce lactic
acid and acetic acid, the intestinal environment is acidic,
thereby inhibiting the growth of spoilage bacteria [44]. Our
study found that the number of Bifidobacterium in the obese
group was significantly lower than that in the normal weight
and overweight group, but the difference between the nor-
mal group and the overweight group was not statistically sig-
nificant, indicating that the reduction of Bifidobacterium
may be related to the occurrence of obesity [45]. The possi-
ble mechanism is that the reduction of bifidobacteria pro-
motes the increase of harmful bacteria and destroys the
stability of the intestinal mucosa, thereby unbalanced the
absorption and metabolism of nutrients, leading to the
occurrence of host obesity [46].

We have a small amount of research samples, and there
are certain limitations. All the data in our experiments are
relatively concentrated and underrepresented. The detection
of only four intestinal species that may be related to obesity

cannot represent the entire intestinal microbes. It is hoped
that more bacteria will be screened in the future to provide
more support for obesity research. Our study is a prelimi-
nary exploration of the relationship between gut microbiota
and overweight and obesity, and other technical means are
needed to conduct mechanism research to comprehensively
describe the relationship between gut microbiota and over-
weight and obesity. In conclusion, the increase of Eubacte-
rium rectum and the decrease of Bacteroides polymorpha,
Bifidobacterium, and Lactobacillus may be related to the
occurrence and development of obesity. Quantities of
Eubacterium rectum, Bacteroides polymorpha, Bifidobacter-
ium, and Lactobacillus in the gut of normal weight and obese
children were less affected by sex and age.
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Background. Depression was a common life-threatening psychiatric disorder and occurs more frequently in women than in men.
Long noncoding RNAs (lncRNAs), such as LINC00473, had been reported to be involved in the progression of depression.
Methods. Chronic unpredictable moderate stress in mice (CUMS) was applied to construct a depression model. Subsequently,
RT-qPCR was applied to check the level of LINC00473 and microRNA-497-5p (miR-497-5p) in the hippocampal region of the
mice induced by CUMS. CUMS mice were injected with lentiviral vectors of LINC00473 (LV-LINC00473), miR-497-5p
inhibitor, short hairpin- (sh-) brain-derived neurotrophic factor (sh-BDNF), or miR-497-5p mimic to evaluate depressive
behaviors, including sucrose preference test, forced swim test, elevated plus maze, and tail suspension test. Moreover, the
production of hypothalamic neurotransmitters was assessed with the usage of ELISA kits. Dual-luciferase reporter assay, RNA
pull-down, and RIP analysis were performed to measure the relationship between miR-497-5p and LINC00473 or BDNF.
Further, western blot was employed to determine the protein level of BDNF. Results. We discovered that LINC00473 level was
downregulated in the female mice with depression, but not in male mice. Besides, the depressive behaviors induced by CUMS
in mice, including the decrease of sucrose preference and time in open arm, as well as the increase of immobility time and
swimming resting time were all ameliorated by LINC00473 overexpression. Moreover, the concentration of neurotransmitters
was decreased in CUMS-induced mouse hypothalamus, which was blocked by LV-LINC00473 lentiviral vector administration.
Mechanistically, LINC00473 directly targeted miR-497-5p. Absence of miR-497-5p revealed the antidepression effects on
CUMS-induced mice, and miR-497-5p upregulation could counter the antidepressive impacts of LINC00473 upregulation on
CUMS-induced mice. Furthermore, LINC00473 could target miR-497-5p to modulate BDNF level. Knockdown of BDNF could
abrogate the improving influences of miR-497-5p suppression on CUMS-induced depression. Conclusions. LINC00473
ameliorated CUMS-caused depression by encouraging BDNF expression via binding to miR-497-5p, which might provide a
potential therapeutic target for depression in females.

1. Introduction

Depression is currently one of the psychiatric disorders with
the highest incidence, with a lifetime prevalence of up to
11%, and its main clinical feature is a long-lasting and signif-
icant depression, often accompanied by symptoms such as
anhedonia, cognitive impairment, and metabolic distur-
bances [1]. Depression seriously reduces the quality of life
of patients and even leads to suicidal tendencies, resulting
in a heavy economic and medical burden for families and
society [2]. The use of antidepressant medications is the

main therapy method for many depression patients in recent
years, while almost 40% of depression patients fail to show
complete remission after an antidepressant trial, and about
20% patients showed no response to any intervention, par-
tially due to the lack of notable biomarkers and reliable bio-
logical tests to diagnose depression [3]. The available results
suggested that depression was a chronic multifactorial psy-
chiatric disorder whose pathology is the result of biological,
genetic, and environmental factors. Risk factors of depression
included sex, age, stressful life events and social environment,
among other factors [4]. Moreover, it was reported that
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stress-related disorders often show gender differences, and
women tended to have more severe symptoms of depression
[5]. Numerous studies had shown that women remain at a
high risk of developing depression for several years from ado-
lescence to menopause, with women of reproductive age hav-
ing 2-3 times the incidence of depressive disorders as men,
and with declining estrogen levels after entering perimeno-
pause, the risk of developing clinically significant depressive
symptoms increases 2-4 times compared with before. How-
ever, the molecular mechanisms under gender differences
of depression remained blurry.

Recent studies on lncRNAs had progressed rapidly, and a
series of findings established that lncRNAs played important
roles in various cellular processes, such as genomic imprint-
ing, chromatin modification, transcriptional interference,
and intranuclear trafficking, but a large number of lncRNA
functions are still unknown and urgently studied. At present,
many lncRNAs had been detected to exhibit significant alter-
ation in expression levels during the process of studying the
pathological mechanisms of depression. Therefore, the regu-
latory role of lncRNAs in depression has great potential for
the study of their pathological mechanisms [6]. For example,
a study showed that lncRNA MIR155HG overexpression
exhibited the improvement action on depression in chronic
unpredictable moderate stress- (CUMS-) treated mice [7].
Ni et al. found that by regulating Wnt/β-catenin pathway,
lncRNA TCONS_00019174 exhibited antidepressant-like
action on the mice induced by CUMS [8]. Further analysis
targeting the gender difference demonstrated that the differ-
ential lncRNA expression was more significant in female
patients than that in males. A research reported that the
expression of LINC00473 was downregulated in depressed
patients [9]. More interestingly, another study revealed that
LINC00473 was decreased in depressed females only [10].
However, the functional role of LINC00473 in depression
has not been clarified.

Recently, microRNAs (miRNAs), the small noncoding
RNAs, were found to be functioned as important regulators
in the higher functioning of brain [11]. Dysregulation of
miRNAs was associated with various human neurological
disorders, including neurodevelopmental disorders, neuro-
degenerative diseases, and affective psychiatric disorders.
For instance, the expression of miR-146a was negatively cor-
related with the degree of depression [12]. Moreover, miR-
124-3p expression was increased in the brain of the
depressed patients, and similar results were obtained in the
serum of depressed patients [13]. Additionally, miR-497
level was overexpressed in CUMS-induced rats [14]. How-
ever, the potential mechanism of miR-497-5p implicated in
depression was largely unexplored.

In the present study, we established an animal depression
model to explore the role of LINC00473 and the downstream
mechanism mediated by LINC00473 and aimed to find a
novel therapeutic target for depression treatment in females.

2. Materials and Methods

2.1. Experimental Animal. 86 C57BL/6 male mice (32 ± 2:6 g,
7 weeks) and 10 C57BL/6 female mice (30 ± 2:3 g, 7 weeks)

were obtained from Shandong Animal Experiment Center.
All mice were provided with free access to eat and drink
water and fed with pellet feed. After adaptive feeding for
one week, the experiments were performed. All experiments
performed in the recent study were ratified by the Institute
for Experimental Animals of Binzhou Municipal Youfu
Hospital.

2.2. Chronic Unpredictable Moderate Stress (CUMS)
Modeling. In brief, the mice in CUMS group were suffered
from various stressors swimming in ice water for 24 h
(6°C), fasting for 24 h, water prohibition for 24 h, overnight
lighting for 12 h, day night reversal, interrupted noise stimu-
lus for 24 h, and flash stimuli of certain frequency. The
CUMS mice were given 6 weeks of continuous stress stimu-
lation. Mice in the control group were housed in a separate
room with no stressors.

2.3. Intraventricular Viral Vector Injection. This study used
LINC00473 lentiviral vector (LV-LINC00473; RiboBio Co.,
Ltd., Guangzhou, China) construction, miR-497-5p mimic
(RiboBio Co., Ltd.), sh-BDNF (RiboBio Co., Ltd.), and
miR-497-5p inhibitor (RiboBio Co., Ltd.). A skin cut on the
skull was made, and then, two small holes (bilateral hippo-
campi) were made by using a micro drill in the skull below
the surface of dura: ML = ±1:4mm, AP = −2:2mm, and DV
= −1:9mm. Lentiviral injection was carried out at 1 week
before model construction as previously described [14].

2.4. Cell Culture. HEK-293T cells (Shanghai Huiying Biotech
Co., Ltd., Shanghai, China) were maintained in DMEM
medium. The 10% fetal bovine serum, 100U/mL penicillin,
and 100μg/mL streptomycin were put into the medium
before culture.

2.5. RT-qPCR. After extraction of total RNA using TRIzol
(Thermo Fisher, Shanghai, China), cDNA was gained with
the usage of a reverse transcription kit. RNA concentration
was determined by spectrophotometer (1:9 < A260/A280
< 2:0). Then, RT-qPCR was performed on the step one plus
real-time PCR system (Thermo Fisher, USA). The relative
levels of LINC00473 and miR-497-5p were calculated by
using 2-ΔΔCt method. The efficiency of the PCR should be
between 90 and 110% (3:6 > slope > 3:1). The primers were
listed as follows: LINC00473, F 5′-TGTGCACGCTTTCACA
ATGG-3′, R 5′-CTCTGGCATGGATTGGTGGT-3′; miR-
497-5p, F 5′-CGCCAGCAGCACACTGTGG-3′, R 5′-GTGC
AGGGTCCGAGGT-3′; GAPDH, F 5′-TGCAGTGGCAA
AGTGGAGATT-3′, R 5′-TCGCTCCTGGAAGATGGTG
AT-3′; and U6, F 5′-GCTTCGGCAGCACATATACTAAAA
T-3′, R 5′-CGCTTCACGAATTTGCGTGTCAT-3′. U6 and
GAPDH acted as the internal reference.

2.6. Bioinformatics Methods. The miRNA and lncRNA tar-
gets were predicted using a computer-aided algorithm from
starbase (https://starbase.sysu.edu.cn/).

2.7. Sucrose Preference Test (SPT). As previously described
[15], the mice were trained using a sucrose solution (1%,
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w/v) for 24 h prior to the test. After that, the mice were main-
tained under fasting and anhydrous environment for 24 h
and subsequently fed with 1% sucrose solution, followed by
replacement of tap water. Finally, the mice were fed with
tap water (200mL) and 1% sucrose solution (200mL) at the
test day. The sucrose solution was changed once after 12 h.

2.8. Elevated Plus Maze (EPM). Mice were put into the cross
maze at the same position with the head facing the direction
of the open arm, initiating monitoring of the activity of the
recorded animals over a 5min period [16]. The collected
indexes included the number of times that the mice entered
the open and closed arms, as well as the dwell time in each
arm. Finally, the behavioral changes of mice in each group
were analyzed.

2.9. Forced Swimming Test (FST). FST was carried out
according to the previously described [17]. The test animals
were individually put into a Plexiglas cylinder (24 cm in
height, 12 cm in diameter) with a water depth of 20 cm
(25 ± 2°C). The animals that stopped struggling up to 2 s
were regarded immobile. The immobility time was recorded.
1 h acclimatization of the mice was prerequisite before test.

2.10. Tail Suspension Test (TST). TST was performed as pre-
viously described [18]. Mice were suspended in a position
30 cm high with adhesive cloth at approximately l cm from
the tail tip. The absence of any limb or body movements
was defined as immobility, except those caused by respira-
tion. TST was conducted for 6min, and the immobility time
was recorded. 1 h acclimatization of animals was prerequisite
prior to test.

2.11. ELISA. Mouse hypothalamic tissues were collected and
disrupted into a suspension, and then, the contents of nor-
epinephrine (NE), dopamine (DA), and serotonin (5-HT)
in the supernatant were measured using mouse enzyme-
linked immunosorbent assay (ELISA) kits (Thermo Fisher,
USA). Optical density (OD) values were measured at
450nm using a Multiskan Mk3 microplate reader (Thermo
Fisher, USA). All experiments were performed in triplicate.

2.12. Dual-Luciferase Reporter Assay. Wild-type (WT)
LINC00473 and BDNF 3′UTR sequences with the binding

site of miR-497-5p were cloned into pGL3 vector (Promega,
Madison, WI, USA) to form LINC00473-WT and BDNF-
WT. The mutant (MUT) LINC00473 and BDNF 3′UTR
sequences with mutations in the potential binding sites of
miR-497-5p were also synthesized to generate LINC00473-
MUT and BDNF-MUT. Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA) was employed for cell transfection.

2.13. RNA Pull-Down Assay. The bio-probe-NC, bio-miR-
497-5p-WT, and bio-miR-497-5p-MUT were synthesized
and labeled by Biotin RNA Labeling Mix (Roche). HEK-
293T cells were lysed by cell lysis buffer (Sigma). Then, cell
lysates were incubated with biotin-labelled RNAs and
streptavidin-agarose beads (Invitrogen). The enrichment of
LINC00473 was measured using RT-qPCR analysis.

2.14. RIP Assay. Briefly, cell lysates was gained with the
usage of a RIP kit (Geneseed, Guangzhou, China). Then,
the magnetic beads conjugated with anti-Ago2 or anti-IgG
were cultured in cell lysates. Finally, whether LINC00473 is
bound to miR-497-5p was disclosed via determining the
abundance of miR-497-5p and LINC00473 using RT-qPCR.

2.15. Western Blot. Total cell protein was extracted with
RIPA lysate, and the protein concentration was determined
using a BCA protein assay kit (Thermo Fisher, USA) in a
microplate reader. After denaturation for 10min with the
addition of loading buffer, 50μg of protein samples was sub-
jected to SDS-PAGE and transferred onto PVDF mem-
branes. The membrane was blocked with blocking solution
(5% nonfat dry milk) for 2 h and subsequently washed three
times using TBST. Specific primary and secondary anti-
bodies were next added separately, followed by incubation
on a shaker. ImageJ software was applied to detect and ana-
lyze the gray values of protein bands on the membrane. The
primary antibodies included β-actin (1 : 1000 dilution,
Abcam, ab8227, Cambridge, UK) and BDNF (1 : 1000 dilu-
tion, ab108319, Abcam).

2.16. Statistical Analysis. Data from the repeated three
times were analyzed and compared using Student’s t-test
or analysis of variance, with statistically significant differ-
ence of P < 0:05.
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Figure 1: CUMS-induced LINC00473 downregulation in the hippocampal region of the female mice. (a and b) RT-qPCR for LINC00473
expression detection at 0, 1, 2, 3, and 4 weeks of stimulation in male and female mice. N = 3; ∗P < 0:05 and ∗∗P < 0:01.
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3. Results

3.1. CUMS-Induced LINC00473 Downregulation in the
Hippocampal Region of the Female Mice. To study on the
potential action of LINC00473 on the mice with depression,
the expression of LINC00473 was detected in the mice
induced by CUMS. The data showed that LINC00473 expres-
sion was gradually decreased in a time-dependent manner in
CUMS female mice (Figure 1(b)), while there was no signifi-
cant change in CUMS male mice (Figure 1(a)). Overall,
LINC00473 was decreased in depressed female mice.

3.2. LINC00473 Upregulation Could Improve CUMS-Induced
Depression-Like Behaviors. To further investigate the effect of
LINC00473 overexpression on the depression-like behaviors
of CUMS female mice, LV-LINC00473 lentiviral vector and
its negative control were injected into the mouse hippocam-
pal region for 48h, respectively. RT-qPCR analysis indicated
that LINC00473 was markedly retarded in CUMS-caused
depressed mice, which was upregulated by LV-LINC00473
injection (Figure 2(a)). In addition, the results of behavioral
test revealed that sucrose preference (Figure 2(b)) and time
in open arm (Figure 2(e)) were dramatically increased, and
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Figure 2: LINC00473 upregulation could improve CUMS-induced depression-like behaviors. LV-LINC00473 was injected into the
hippocampal region of the CUMS-induced female mice. (a) The level of LINC00473 was tested by RT-qPCR. (b) Sucrose preference was
measured by SPT test. (c) Immobility time was determined by TST. (d) Cold water immobility time in mice was determined by FST. (e)
The time in open arm was calculated by EPM. (f) The concentration of hypothalamic neurotransmitters was measured by ELISA. N = 3;
∗P < 0:05 and ∗∗P < 0:01.
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Figure 3: LINC00473 directly bound to miR-497-5p. (a) The predicted binding sites of miR-497-5p and LINC00473. (b) The overexpression
efficiency of miR-497-5p mimic was verified. (c–e) RNA pull-down, dual-luciferase reporter, and RIP assays were used to examine
relationship between miR-497-5p and LINC00473. (f) LINC00473 level examination in HEK-293T cells after transfection with LV-
LINC00473 and sh-LINC00473. (g) miR-497-5p level determination in HEK-293T cells after transfection with LV-LINC00473 and sh-
LINC00473. N = 3; ∗∗P < 0:01.
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immobility time of TST (Figure 2(c)) and the resting time in
FST (Figure 2(d)) were markedly decreased compared with
the CUMS-induced female mice. Moreover, the contents of
neurotransmitters were obviously decreased in the hypothal-
amus of CUMS mice, which were rescued after LINC00473
overexpression (Figure 2(f)).

3.3. LINC00473 Directly Bound to miR-497-5p. Online bioin-
formatics databases (https://starbase.sysu.edu.cn/) showed
that miR-497-5p was a putative target of LINC00473
(Figure 3(a)). As shown in Figure 3(b), we observed the suc-
cessful overexpression efficiency of miR-497-5p mimic in
HEK-293T cells. Our data revealed that LINC00473 was sig-

nificantly pulled down by bio-miR-497-5p-WT (Figure 3(c)).
Moreover, we found that the levels of LINC00473 and miR-
497-5p were markedly increased in Ago2 precipitates com-
pared with IgG (Figure 3(d)). The results from dual-
luciferase reporter assay indicated that the luciferase activity
was significantly suppressed in the LINC00473-WT group,
but not in LINC00473-MUT group (Figure 3(e)). In addition,
the data elaborated that LINC00473 was boosted by transfec-
tion with LV-LINC00473 and downregulated by transfection
with sh-LINC00473 (Figure 3(f)). In addition, the results dis-
played that LINC00473 upregulation significantly suppressed
miR-497-5p expression, while LINC00473 inhibition memo-
rably elevated miR-497-5p expression (Figure 3(g)).
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Figure 4: Downregulation of miR-497-5p alleviated depression-like behaviors induced by CUMS in female mice. The viral vectors
containing miR-497-5p inhibitor were injected into the hippocampal region of the CUMS-induced female mice. (a) The miR-497-5p
level was tested by RT-qPCR. (b) Sucrose preference tested in SPT. (c) Immobility time tested in TST. (d) Water immobility time tested
in FST. (e) The time in open arm was tested by EPM. (f) The hypothalamic neurotransmitter concentration measurement. N = 3; ∗P <
0:05 and ∗∗P < 0:01.
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3.4. Inhibition of miR-497-5p Alleviated Depression-Like
Behaviors Induced by CUMS in Female Mice. Although a
research has shown that knockdown of miR-497 could
improve rat depression [19], the detailed action of miR-497-
5p in depression remains to be elucidated. Subsequently, viral
vectors containing miR-497-5p inhibitor were injected into
the hippocampal region of CUMS-induced mice. We found
that miR-497-5p was prominently reduced after viral vector
injection of miR-497-5p downregulation (Figure 4(a)). More-
over, miR-497-5p inhibitor alleviated depression-like behav-
iors induced by CUMS, including sucrose preference
(Figure 4(b)), immobility time (Figure 4(c)), swimming
immobility time (Figure 4(d)), and time in open arm
(Figure 4(e)). Furthermore, the contents of NE, DA, and 5-

HT reduced by CUMS treatment in female mice were upreg-
ulated by downregulation of miR-497-5p (Figure 4(f)).

3.5. miR-497-5p Upregulation Could Reverse the Improving
Effects of LINC00473 Overexpression on Depression. To
explore whether LINC00473 exerts its function by regulating
miR-497-5p, rescue experiments were performed via coinject-
ing with LV-LINC00473 and miR-497-5 mimic into the
hippocampal region of CUMS-induced female mice. We
found that increase of miR-497-5p prominently reversed the
boosting influences of LINC00473 overexpression on sucrose
preference (Figure 5(a)), open arm time (Figure 5(d)), and
hypothalamic neurotransmitter concentration (Figure 5(f)),
as well as the inhibitory effects on resting time (Figure 5(b))
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Figure 5: miR-497-5p upregulation could harbor the improving effects of LINC00473 overexpression on depression. LV-LINC00473 was
coinjected with miR-497-5 mimic lentiviral vector into the hippocampal region of the CUMS-induced female mice. (a) Sucrose
preference in SPT. (b) Immobility time of mice in TST. (c) Cold water immobility time of mice in FST. (d) Open arm time in EPM. (e)
ELISA was used to detect the concentration of the hypothalamic neurotransmitters. N = 3; ∗P < 0:05 and ∗∗P < 0:01.
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Figure 6: Continued.
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and the cold water time (Figure 5(c)) in CUMS-induced
female mice. Taken together, the above findings revealed that
miR-497-5p upregulation could block the ameliorative effects
of LINC00473 overexpression on depression.

3.6. miR-497-5p Negatively Regulated BDNF Expression.
Then, we found that miR-497-5p could bind to BDNF 3′
UTR (Figure 6(a)). The results displayed that miR-497-5p
mimic suppressed the luciferase activity in BDNF-WT
group, while the luciferase activity showed no obvious
change in BDNF-MUT group compared the NC mimic
group (Figure 6(b)). RIP results further disclosed that the
enrichment of miR-497-5p on BDNF antibody was substan-
tially increased compared with IgG (Figure 6(c)). Moreover,
we demonstrated that the protein expression of BDNF was
downregulated after CUMS-induced depression in mice,
which was partially reversed by miR-497-5p inhibitor
(Figures 6(d) and 6(e)). Additionally, miR-497-5p mimic
could partially abolish the promotion effect of LINC00473
overexpression on BDNF protein expression in depressed
mice (Figures 6(f) and 6(g)).

3.7. BDNF Knockdown Abolished the Impacts of miR-497-5p
Inhibitor on Depression. In depth, we investigated the func-
tional role of BDNF in depression. CUMS-induced female
mice were injected with miR-497-5p alone or coinjected
with miR-497-5p inhibitor and sh-BDNF together. The effi-
ciency of sh-BDNF was detected by western blot, and the
data demonstrated that the protein expression of BDNF pro-
moted by miR-497-5p inhibition was suppressed by BDNF
knockdown in CUMS-induced mice (Figures 7(a) and
7(b)). Besides, we found that the promotion impacts of
miR-497-5p inhibitor on sucrose preference (Figure 7(c)),
open arm time (Figure 7(f)), and hypothalamic neurotrans-
mitter concentration (Figure 7(g)) were harbored by BDNF
downregulation in CUMS-induced female mice. Moreover,
our results also suggested that the inhibition effects of
miR-497-5p downregulation on resting time (Figure 7(d))
and the cold water resting time (Figure 7(e)) were partially
blocked by BDNF knockdown in depressed mice.

4. Discussion

Depression is a commonly affective disorder with more than
60% of patients suffering from some degree of undertreat-
ment and deterioration. Studies have proposed that bio-
markers were the first choice for screening subtypes of
psychiatric disorders [20]. Accumulating evidence indicated
that in-depth exploration of the underlying molecular mech-
anisms of depression development contributed to search for
new therapeutic biomarkers to inhibit this psychiatric disor-
der. Recently, the functional roles and actions of lncRNAs in
depression have attracted the attention of researchers. For
example, lncRNAGAS5 level was facilitated in depression-
like behavioral mice, and GAS5 downregulation suppressed
the contents of the inflammatory factors in depression mice
[21]. In addition, highly expressed lncRNA MIR155HG was
observed in CUMS-induced mice, which might exert protec-
tive effects on depression-like behaviors [7]. In the reported
studies, LINC00473 downregulation facilitated trophoblast
cell migration and invasion in preeclampsia [22]. Besides,
LINC00473 could promote proliferation, migration, inva-
sion, and inhibition of apoptosis of non-small-cell lung can-
cer cells by acting as a sponge of miR-497-5p [23].A study
found that LINC00473 was dramatically repressed in the
brain of depressed female patients [24]. Consistently, we dis-
covered that LINC00473 was markedly reduced in the hip-
pocampal region of CUMS-induced female mice, but not
in male mice. Interestingly, overexpression of LINC00473
ameliorated depression in depressed female mice via upreg-
ulating proportion of sucrose consumed, time in open arm,
and the contents of neurotransmitter including NE, DA,
and 5-HT in the mouse hypothalamus, as well as upregulat-
ing immobility time and cold water immobility time.

Multiple miRNAs have been reported to be enriched in
the central nervous system or aberrantly expressed in the
brain. The specificity of certain neuronal miRNAs is due to
their localization in the synaptic interstitial compartment,
which was related to their ability to regulate the translation
of their target mRNAs [25]. Increasing researches disclosed
that many candidate miRNAs were found to potentially
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Figure 6: miR-497-5p negatively regulated BDNF expression. (a) The binding sites between BDNF and miR-497-5p were shown. (b and c)
Dual-luciferase reporter and RIP assays were used to evaluate the correlation between BDNF and miR-497-5p. (d and e) BDNF protein
expression examination in the hippocampus region of mice after miR-497-5p inhibitor injection. (f and g) BDNF protein expression
detection in the hippocampus region of mice after coinjection of miR-497-5p mimic and LV-LINC00473. N = 3; ∗∗P < 0:01.
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Figure 7: BDNF knockdown abolished the impacts of miR-497-5p inhibitor on depression. The hippocampal region of CUMS-induced
depressed female mice was injected with miR-497-5p inhibitor alone or coinjected with miR-497-5p inhibitor and sh-BDNF lentiviral
vector together. (a and b) The protein expression of BDNF in the hippocampus was tested by western blot. (c–f) Behavioral testing was
carried out via evaluating sucrose preference in SPT, immobility time in TST, cold water immobility time in FST, and time in open arm
in EPM. (g) The hypothalamic neurotransmitter concentration determination. N = 3; ∗P < 0:05 and ∗∗P < 0:01.
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participate in the progression of depression. For example, the
research reported that miR-124 was evidently higher in
major depressive disorder patients than in healthy controls
[25, 26]. The percentage and specificity of distinguishing
patients suffering from major depressive disorder and
healthy controls were 66.67%. Moreover, a study obtained
the elevated miR-124 in depressed mice caused by CUMS,
and suppression of miR-124 exhibited ameliorating impacts
against depression via regulating SIRT1 [27]. Furthermore,
miR-134 could interfere with dendritic spine growth by
targeting LIMK-1, and miR-134 was downregulated when
neurons were exposed to BDNF [28]. In our study, bioinfor-
matics online tools predicted that LINC00473 might bind to
miR-497-5p. Previous studies reported that miR-497-5p was
a crucial regulator in inhibiting tumorigenesis, and the aber-
rant expression of miR-497-5p took part in tumor initiation,
cancer cell growth, apoptosis, and invasion [29–32]. More
importantly, miR-497 was verified to be increased in the
mouse brain after cerebral ischemia, and inhibition of miR-
497 could attenuate ischemic cerebral infarction [33]. More-
over, a study results revealed that miR-497 aggravated
CUMS-induced depressed rats by modulating FGF2 [33].
More interestingly, LINC00473 was reported to enhance cell
proliferation and invasion and inhibit apoptosis of non-
small-cell lung cancer cells by sponging miR-497 [23]. How-
ever, whether LINC00473 was involved in depression pro-
gression in female mice by modulating miR-497-5p level
remained uninvestigated. In our present study, we discovered
that miR-497-5p could promote the development of depres-
sion, and miR-497-5p overexpression abolished the improv-
ing effects of LINC00473 upregulation on depression in
female mice triggered by CUMS.

BDNF, a growth factor, was confirmed to be implicated
in the development and progression of depression. Stress
and depression could reduce the expression and function of
BDNF in the areas related to depression, such as the PFC
and hippocampus, and BDNF was also dramatically aug-
mented in the blood of depressed patients [34]. Polymor-
phisms of BDNF interacted with estrogen and estrous cycle
to influence the role of memory-related signaling systems
[35]. The risk of individuals with BDNF mutations suffering
from depression was higher than healthy people after expo-
sure to early life stress or trauma. In addition, it has been
found that normal BDNF levels contributed to the mainte-
nance of antidepressant effects [36]. Moreover, excessive
miR-134 levels inhibited the expression of CREB that could
impair memory and plasticity, and the decrease of CREB in
transcription factor in turn depressed BDNF expression, sug-
gesting the antagonism effect between miR-134 and BDNF
[26].Via bioinformatics analysis, we discovered that miR-
497-5p could bind to BDNF and negatively modulated the
expression of BDNF. Furthermore, BDNF interference could
hinder the ameliorative effect of miR-497-5p inhibition on
depression in depressed female mice. Additionally, overex-
pression of LINC00473 elevated the expression of BDNF
via targeting miR-497-5p in female mice induced by CUMS.

In conclusion, we found that LINC00473 was downregu-
lated in the CUMS-induced female mice, and its upregula-
tion could alleviate depressive behaviors in female mice.

Besides, LINC00473 showed the protective action on
depressive-like behaviors via targeting miR-497-5p to mod-
ulate BDNF expression in depressed female mice. These
results provided a new underlying mechanism of lncRNAs
in the development of depression in females.
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Objective. This study is aimed at researching transcranial magnetic stimulation (TMS) effects combined with computer-aided
cognitive training (CACT) on cognitive function of children suffering from cerebral palsy and dysgnosia. Methods. From
December 2019 to October 2021, 86 children with cerebral palsy and dysgnosia who were treated at our hospital were
recruited and assigned into observation and control groups (n = 43, each) using the random number table technique. The
observation group received TMS combined with CACT (TMS+CACT), whereas the control group received only TMS. Chinese
Wechsler Young Children Scale of Intelligence (C-WYCSI) and Chinese-Wechsler Intelligence Scale for Children (C-WISC)
were used to evaluate the intelligence level of the two groups; Gross Motor Function Measure-88 (GMFM-88) of Fudan
Chinese version was employed for evaluating the gross motor function of the two groups; a comparison was drawn among the
two groups for the cerebral hemodynamic parameters before and after the treatment. Results. For young children, the verbal
intelligence quotient (VIQ) scores at 6 and 12 weeks of treatment in the observation group were increased when compared to
those in the control group (48:91 ± 3:70 vs. 47:32 ± 3:33, 54:25 ± 4:46 vs. 49:48 ± 3:36), and the observation group’s
performance intelligence quotient (PIQ) score at 12 weeks of treatment was higher as to that of the control group (65:38 ± 4:23
vs. 62:81 ± 4:74, all P < 0:05). For older age children, the observation group’s VIQ and PIQ scores were greater than the
control group’s at 6 and 12 weeks of treatment, with statistical significance (63:80 ± 3:76 vs. 59:50 ± 5:32, 74:64 ± 12:04 vs.
65:08 ± 6:30; 63:91 ± 5:96 vs. 58:42 ± 3:70, 72:73 ± 5:06 vs. 66:42 ± 5:93; all P < 0:05). The GMFM-88 scale scores in both
groups were increased after 6 and 12 weeks of treatment. After treatment for 12 weeks, the observation group’s A-E scores
were greater than those of the control group (all P < 0:05). The peak systolic velocity (Vs), end-diastolic velocity (Vd), and
mean velocity (Vm) at the anterior cerebral artery (ACA), middle cerebral artery (MCA), and posterior cerebral artery (PCA)
in the observation group were dramatically increased than those in the control group (all P < 0:05) after 12 weeks of treatment.
Conclusion. TMS+CACT can effectively improve the intelligence level, cognitive ability, gross motor function, and cerebral
blood flow of children suffering from cerebral palsy and intellectual disability.

1. Introduction

Cerebral palsy is a common pediatric nervous system disor-
der that can lead to disability and deformity. Dysgnosia is a
common complication of cerebral palsy. According to rele-
vant research, the incidence of cerebral palsy complicated
with dysgnosia is as high as 55%~65%. The more serious
the condition of children is, the more likely they are to be
complicated with dysgnosia. Children with cerebral palsy
and dysgnosia often show motor dysfunction, intellectual

developmental disorder, and cognitive dysfunction, which
can seriously affect their physical health and quality of life
[1, 2]. Currently, no effective method for treating cerebral
palsy exists. The key to the treatment of cerebral palsy with
dysgnosia is to improve the level of children’s intelligence,
motor, and cognitive function. Routine rehabilitation inter-
vention is often adopted in the clinical treatment of cerebral
palsy with dysgnosia, but the treatment effect is not evident.
Repetitive transcranial magnetic stimulation (rTMS) is a
novel type of neuroelectrophysiological technology, which
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is painless, noninvasive, easy to operate, and very safe. It can
generate a certain intensity of time-varying magnetic field in
a specific part outside the skull, induce an electric field in the
brain, cause induced current, stimulate the nearby nerve
tissue, and further affect the brain metabolism and the phys-
iological hormone of neuroelectric activity. Currently, this
technology has been widely used in the fields of psychologi-
cal diseases and nervous system diseases [3, 4]. Cognitive
training is a method that specialized doctors are responsible
for or using computer platform to complete training items,
including attention training, memory training, processing
speed training, and flexibility training. It is easy to operate
and has good compliance. Computer-aided cognitive train-
ing (CACT) is more convenient for children to train at home
[5, 6]. The objective of this research was to explore the
effects of TMS+CACT on cognitive function of children
suffering from cerebral palsy and dysgnosia. The following
is the report.

2. Materials and Methods

2.1. General Data. From December 2019 to October 2021, 86
children with cerebral palsy complicated by dysgnosia were
treated in our hospital as outpatients or inpatients and were
registered and randomized into observation and control
groups utilizing the random number table method, having
43 cases in every group. The observation group had 25 males
and 18 females; their ages ranged from 3 years and 11
months to 7 years, with an average of 67:07 ± 7:89 months;
dysgnosia grade: mild in 17 cases, moderate in 20 cases,
and severe in 6 cases; clinic classification of cerebral palsy:
33 cases of spastic type, 7 cases of mixed type, 2 cases of dys-
kinetic type, and 1 case of ataxic type. There were 22 males
and 21 females in the control group; with an average of
68:30 ± 12:76 months, their ages were from 3 years and 11
months to 8 years; dysgnosia grade: mild in 18 cases, moder-
ate in 18 cases, and severe in 7 cases; clinic classification of
cerebral palsy: 30 cases of spastic type, 9 cases of mixed type,
3 cases of dyskinetic type, and 1 case of ataxic type. The gen-
eral data of the two groups were comparable (all P > 0:05).
The Hospital Ethics Committee gave its approval to this
study. Diagnostic criteria: the diagnostic criteria and clinic
classification of cerebral palsy were in line with the standards
formulated by the Compilation Committee of Guidelines for
Rehabilitation and Treatment of Cerebral Palsy in China [7]
and conform to the classification guidelines for cerebral
palsy in theWorld Health Organization International Classi-
fication of Functioning, Disability, and Health [8]. The diag-
nosis of dysgnosia conformed to the diagnostic criteria of
intellectual developmental disorder in the International
Classification of Diseases 11th Revision (ICD-11) [9]. Inclu-
sion criteria: (1) all met the Western and Chinese diagnostic
criteria; (2) age ≥ 3 years and 11 months; (3) the child was
conscious and his/her vital signs were stable; (4) the study
was voluntarily undertaken by all of the enrolled children
and their families. Exclusion criteria: (1) children with
central brain injury caused by progressive diseases such as
cerebral edema and viral encephalitis; (2) children with
water and electrolyte disorders; (3) children with epilepsy;

(4) children with severe lung infection; (5) children with
systemic immune system diseases; and (6) children suffer-
ing from extreme organ diseases such as heart, liver, and
kidney dysfunctions.

2.2. Therapies. Both groups received routine rehabilitation
training. The TMS+CACT was administered to the observa-
tion group, and the control group got administered by TMS
only. TMS: the children were treated with TMS instrument
with positioning treatment cap. The stimulation frequency
was adjusted to 5-10Hz, the stimulation intensity was
80%-100% resting state motion threshold (RMT), and the
stimulation sites were F3 and F4 of EEG 10-20 system. The
treatment was given once daily for 20 minutes, 5 times a
week, and 20 times as a course. The treatment lasted for 3
courses. CACT: computer interactive table rehabilitation
cognitive training software and MindWave Mobile Core
attention training software were used to train the children’s
memory, executive, attention, and spatial vision abilities.
The training content included (1) attention training: select-
ing the picture that was consistent with the reference pic-
ture from the screen pictures and selecting the picture
from simple to complex; (2) memory training: including
graphic memory and detail memory, memorizing screen
pictures or texts, and answering relevant questions; (3) time
and place orientation training: children are trained accord-
ing to instructions or scene graphics; and (4) visual space
and executive function training: in different content and
different number of picture groups, selecting rotated refer-
ence pictures as visual space function training, and stick
figure drawing as executive function training. In accordance
with the type and severity of cognitive impairment, differ-
ent combinations were used to conduct cognitive function
training for patients; the training was provided once daily
for 30 minutes, 5 times a week, while the training lasted
for 12 weeks.

2.3. Observational Indexes. (1) Intelligence level: before and
after treatment, the intelligence level of the younger children
(3 years and 11 months to 6 years old) was evaluated by the
Chinese Wechsler Young Children Scale of Intelligence (C-
WYCSI) [10], while that of older children (6 to 16 years
old) was assessed by Chinese-Wechsler Intelligence Scale
for Children (C-WISC) [11]. Both sets of intelligence assess-
ment tools had high reliability and validity. Each set of intel-
ligence scale included two parts: speech and operation, and
consists of 11 subitems, such as picture vocabulary, arith-
metic, picture generalization, comprehension, animal laying
eggs, picture filling, maze, visual analysis, wood block
pattern, and geometric figure. The results of intelligence
assessment include verbal intelligence quotient (VIQ) and
performance intelligence quotient (PIQ), which are com-
pleted by professional testers in the Neurorehabilitation
Department of the hospital. (2) Gross motor ability: before
and after treatment, the gross motor function was evaluated
by GMFM-88 Scale of Fudan Chinese version [12]. The scale
had 88 items, which were distributed in 5 functional areas:
(A) lying motion and turning over (17 items); (B) sitting
motion (20 items); (C) crawling and kneeling motion (14
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items); (D) standing (13 items); and (E) walking, running,
and jumping (24 items). The score of each item was 0~3
points according to the degree of completion, and score for
each functional area was obtained. The greater the child’s
gross motor performance, the higher the score. In order to
reduce the error, the same doctor conducted blind evalua-
tion before and after the treatment. (3) Comparison of the
two groups’ cerebral hemodynamic parameters before and
after the treatment: color Doppler ultrasound was employed
to evaluate peak systolic velocity (V s), end-diastolic velocity
(Vd), and mean velocity (Vm) at the anterior cerebral artery
(ACA), middle cerebral artery (MCA), and posterior cere-
bral artery (PCA) before and after treatment in both groups.

2.4. Statistical Methods. The data were analyzed and proc-
essed using SPSS 20.0 statistical software. −x ± s was used
to represent the measurement data. The intergroup compar-
ison was executed with an independent sample t-test, while
the intragroup comparison was done with a paired t-test
before and after treatment. The χ2 test was performed on
the counting data, which was expressed as frequency and
constituent ratio. A statistically significant difference was
represented by P < 0:05.

3. Results

3.1. Comparison of C-WYCSI Scores of Young Children
between Two Groups before and after Treatment. The VIQ
and PIQ scores did not vary significantly among the two
groups before treatment (both P > 0:05); however, VIQ and
PIQ scores were higher in both groups after being treated
for 3, 6, and 12 weeks. At 6 and 12 weeks of treatment, the
observation group’s VIQ score was greater than that of the
control group, and the observation group’s PIQ score was
higher compared to the control group’s at 12 weeks of treat-
ment, both with statistical significance (all P < 0:05, Table 1).

3.2. Comparison of C-WISC Scores of the Older Children
between Two Groups before and after Treatment. The VIQ
and PIQ scores did not change significantly among the two
groups prior to treatment (both P > 0:05). However, at 3,
6, and 12 weeks of treatment, the scores for VIQ and PIQ
in the observation group and PIQ in the control group
increased. After receiving treatment for 6 and 12 weeks,
the control group’s VIQ score improved. At 6 and 12 weeks
after treatment, the observation group’s VIQ and PIQ scores
were greater than those of the control group, with statistical
significances (all P < 0:05, Table 2).

3.3. Comparison of GMFM-88 Scale Scores between Two
Groups before and after Treatment. The exercise ability
scores among the two groups prior to treatment did not dif-
fer significantly (P > 0:05). Exercise ability scores, however,
in both groups improved after receiving treatment for 6
and 12 weeks. The observation group’s A~E scores were sub-
stantially greater than those of the control group following
treatment for 12 weeks (all P < 0:05, Table 3).

3.4. Comparison of Cerebral Hemodynamic Parameters
between Two Groups before and after Treatment. Prior to

the treatment, no major differences could be observed
among the two groups in the V s, Vd, and Vm parameters
of the ACA, MCA, and PCA (all P>0.05). V s, Vd, and Vm
of ACA, MCA, and PCA in both the groups, however,
improved after treatment for 6 and 12 weeks. V s, Vd, and
Vm of ACA, MCA, and PCA in the observation group were
considerably greater compared to those in the control group
after receiving treatment for 12 weeks (all P < 0:05, Table 4).

4. Discussion

Cerebral palsy is a refractory disease with a long course.
Children with cerebral palsy often have perceptual, behav-
ioral, sensory, cognitive, and other disorders, as well as vary-
ing degrees of mental retardation. If not treated in time, it
may lead to lifelong disability and bring heavy burden to
the family and society. The clinical treatment of cerebral
palsy mostly adopts comprehensive treatment methods
including physical therapy and cognitive function training.
The working principle of TMS is to send pulse electric cur-
rent into the coil and then generate pulse magnetic field
around the coil. The induced current in the head is gener-
ated by the pulse magnetic field, which then activates the
associated brain nerve units [13, 14]. The effects of different
TMS frequencies on cortical metabolism and cerebral blood
flow may vary. High-frequency stimulation can improve
cerebral perfusion and local cerebral blood flow and metab-
olism, while low-frequency stimulation can reduce cerebral
blood flow and metabolism. Compared with conventional
electrical stimulation, TMS has the following characteristics:
(1) easy to achieve deep brain stimulation. Surface electrode
stimulation can make the electric field diffused rapidly and
could not reach the deep brain. Implanting electrical stimu-
lation cannot be extensively employed in clinical practice
because it is traumatic, and the loss of magnetism in bone
and muscle is small, due to which TMS can reach deep into
the brain. (2) Less discomfort: electrical stimulation has
strong stimulation to scalp and skull and can make the per-
son produces strong discomfort. TMS does not act directly
on nerves but can stimulate them by producing induced
electrical current. The size of the induced current is inversely
proportional to the resistance. There is no discomfort when
induced current is applied to bone and scalp with large resis-
tance. (3) Not direct contact with human body: magnetic
stimulation equipment does not make direct contact with
the human body, which can reduce the risk of injury to the
human body. CACT began to appear in the 1990s and has
been extensively utilized for treating cerebral infarction,
brain injury, and other neurological diseases currently.
Compared with traditional manual training, CACT has the
following advantages. (1) By combining cognitive training
with fun animations, it makes the treatment process more
interesting through visual, auditory, tactile, and other multi-
media technologies, which can better attract the attention
and improve the cognitive function of children. (2) Through
the standardized intervention method of the programmed
training task module, it has strong repeatability and is easy
to compare and promote the efficacy. (3) Individualized
treatment plans can be developed according to the specific
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conditions of children. Real-time data analysis feedback can
also be carried out in the training process, which can effec-
tively stimulate the training enthusiasm of children and is
conducive to follow-up rehabilitation.

TMS combined with CACT was utilized for treating the
observation group in the present study. The observation
group’s VIQ score was greater than the control group’s at
6 and 12 weeks, and the observation group’s PIQ score was
higher than that of the control group at 12 weeks, according
to the results. At 6 and 12 weeks following treatment, the
older children in the observation group had superior VIQ
and PIQ scores than the control group. The observation
group’s scores of the A~E item on the GMFM-88 scale were
greater than the control group’s after 12 weeks of treatment,
showing that TMS+CACT can successfully enhance the
intelligence level and motor function of children suffering
from cerebral palsy complicated by dysgnosia. Intracranial
blood flow in children with brain injury is characterized by
low speed and high resistance, showing sustained hypoper-
fusion and low circulation, which can affect the continued
brain development of infants and young children. TMS can
effectively improve the brain tissue perfusion in children
with brain injury and promote their neuropsychological
development [15]. According to relevant studies, TMS can
effectively improve the motor function of children suffering
from cerebral palsy. In other studies, TMS was applied to
children with dysgnosia and showed significant effects [16].
Cognitive training can enhance synaptic efficiency and pro-
mote neural function reorganization, and children can
improve their cognitive ability through repetitive exercises
[17]. In the present study, the combined application of

TMS and CACT further improved the children’s intelli-
gence, motor ability, and cognitive ability. TMS+CACT
can effectively expand the cerebral vascular microcircula-
tion, stimulate the activity of neurons and cells in the brain,
and improve the intelligence and motor ability of children.
TMS+CACT can effectively regulate the levels of serum
markers related to cerebral nerve function in children. The
stimulation coil of TMS instrument can generate the corre-
sponding magnetic field, and the magnetic field through
the skull will generate the corresponding induction current
and finally play the role of regulating local neurons, which
further promotes the recovery of brain nerve.

Dysgnosia in children with cerebral palsy is mostly
caused by brain injury. Abnormal cerebral blood flow
parameters can reflect the severity of brain injury and affect
intellectual development [18, 19]. According to relevant
studies, children with cerebral palsy with cerebral microcir-
culation disorders have slow cerebral artery blood flow and
increased vascular resistance, which further influences dys-
gnosia [20]. Cerebral blood flow velocity is closely related
to changes in local cerebral blood flow. Peak flow velocity
and average flow velocity can be regarded as relative indica-
tors of cerebral blood flow, and average flow velocity can
reflect the degree of cerebrovascular filling. At 6 and 12
weeks of treatment, V s, Vd, and Vm of ACA, MCA, and
PCA improved in both groups. V s, Vd, and Vm of ACA,
MCA, and PCA in the observation group were considerably
greater compared to those in the control group after treat-
ment for 12 weeks (all P < 0:05). This indicates that repeated
TMS combined with CACT can effectively improve cerebral
blood flow, cerebral blood flow microcirculation disorder,

Table 1: Comparison of C-WYCSI scores of young children between two groups before and after treatment (−x ± s, points).

Group VIQ score PIQ score
Before

treatment
Treatment
for 3 weeks

Treatment
for 6 weeks

Treatment for
12 weeks

Before
treatment

Treatment
for 3 weeks

Treatment
for 6 weeks

Treatment for
12 weeks

Observation
group (n = 32) 42:69 ± 3:65 46:09 ± 3:28a 48:91 ± 3:70a 54:25 ± 4:46a 52:84 ± 4:64 57:16 ± 4:86a 60:78 ± 4:18a 65:38 ± 4:23a

Control group
(n = 31) 41:71 ± 3:51 44:81 ± 3:35a 47:32 ± 3:33a 49:48 ± 3:36a 52:13 ± 4:11 57:16 ± 3:48a 59:52 ± 3:33a 62:81 ± 4:74a

t value 1.083 1.542 1.783 4.778 0.646 0.005 1.327 2.269

P value 0.283 0.128 0.080 <0.001 0.521 0.996 0.190 0.027

Note: compared with before treatment, aP < 0:05.

Table 2: Comparison of C-WISC scores of the older children between two groups before and after treatment (−x ± s, points).

Group VIQ score PIQ score
Before

treatment
Treatment
for 3 weeks

Treatment
for 6 weeks

Treatment for
12 weeks

Before
treatment

Treatment
for 3 weeks

Treatment
for 6 weeks

Treatment for
12 weeks

Observation
group (n = 11) 51:55 ± 2:66 57:55 ± 4:08a 63:82 ± 3:76a 74:64 ± 12:04a 53:82 ± 4:53 60:55 ± 4:78a 63:91 ± 5:96a 72:73 ± 5:06a

Control group
(n = 12) 50:92 ± 6:76 55:33 ± 5:87 59:50 ± 5:32a 65:08 ± 6:30a 53:25 ± 2:86 56:58 ± 3:34a 58:42 ± 3:70a 66:42 ± 5:93a

t value 0.298 1.040 2.228 2.414 0.363 2.320 2.681 2.732

P value 0.770 0.310 0.037 0.025 0.721 0.031 0.014 0.012

Note: compared with before treatment, aP < 0:05.
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Objective. To systematically evaluate the effect of nursing intervention on children with type 2 diabetes.Methods. The randomized
controlled trials (RCTs) on nursing intervention in children with type 2 diabetes in CNKI, VIP, WanFang, Chinese Biomedical
Database (CBM), PubMed, The Cochrane Library, Embase, and Science were searched by the computer until July 2022. Two
evaluators reviewed the articles, selected the information, and assessed their quality according to the inclusion criteria and
exclusion criteria and then carried out meta-analysis with RevMan 5.3. Results. A total of 5 RCT studies were kept, including
319 patients with type 2 diabetes (≤21 years old), where 162 patients were in the nursing group and 157 patients were in the
control group. Meta-analysis revealed that, compared with routine nursing, nursing intervention could effectively control
children’s fasting blood glucose (FBG) (MD= −1:68, 95% CI (-2.19, -1.17), P < 0:00001), 2 h postprandial blood glucose
(2hPG) (MD= −4:01, 95% CI (-4.70, -3.33), P < 0:00001), fasting insulin (FINS) (MD= −7:42, 95% CI (-10.63, -4.20), P <
0:00001), 2 h postprandial insulin (2hINS) (MD= −58:18, 95% CI (-103.24, -13.11), P = 0:01), triglycerides (TG) (MD= −0:41,
95% CI (-0.56, -0.25), P < 0:00001), and systolic blood pressure (SBP) (MD= −8:85, 95% CI (-14.67, -3.03), P = 0:003) and
effectively maintain patients’ blood glucose at a normal level (MD= −8:85, 95% CI (-14.67, -3.03), P = 0:003), where all the
differences were statistically significant. Conclusion. The existing evidence showed that nursing intervention has a significant
effect in controlling normal blood glucose and improving insulin utilization in children with type 2 diabetes, which can
effectively improve the therapeutic effect on children.

1. Introduction

Diabetes is a metabolic disease caused by impaired islet
function and carbohydrate metabolism disorder. With the
characteristics of long course and many complications, it
has developed into one of the nine major diseases damaging
human health [1, 2]. In 2015, it was reported that 415 mil-
lion people aged 20-79 have diabetes, which is expected to
reach 642 million by 2040 [3, 4]. Globally, the number of
diabetes patients has quadrupled in the past few years, and
90% of diabetes patients are type 2 diabetes [5], which is
mainly caused by insulin resistance due to various reasons
[6]. Due to the change of dietary structure and the reduction
of physical activity, obese children are gradually increasing,
and the number of children and adolescents with type 2 dia-
betes is raising year after year [7], although type 1 diabetes is
mostly in children. If effective methods are not used for

timely treatment, acute complications such as impaired glu-
cose tolerance and other chronic diseases are very likely to
occur [8, 9]. Children and adolescent patients with type 2
diabetes need special medical treatment and care, since they
are different from adults in many aspects, such as changes in
insulin sensitivity, growth and development, self-
management ability, and susceptibility to hypoglycemia
related to sexual maturity [10–12]. In addition, long-term
self-management education, reasonable diet, appropriate
physical exercise, psychotherapy, etc. are also needed to pre-
vent and reduce the occurrence of adverse reactions and
complications [13, 14].

Some studies have pointed out that nursing intervention
can effectively control the blood glucose of children with
type 2 diabetes and improve their compliance with treat-
ment, so as to delay the progress of the disease and improve
patients’ life experience [15–17], but there is still a lack of
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relevant medical evidence. Therefore, we systematically eval-
uated the effect of nursing intervention in children with type
2 diabetes by retrieving relevant literature and applying
meta-analysis method, so as to provide medical evidence
for the clinical promotion and application of nursing
intervention.

2. Data and Methods

2.1. Inclusion and Exclusion Criteria

2.1.1. Inclusion Criteria. The inclusion criteria are the fol-
lowing: (1) research type: randomized controlled trails
(RCT); (2) patient information: children with type 2 diabe-
tes, age ≤ 21 years old; (3) intervention measures: the nurs-
ing group was given other nursing interventions based on
the routine nursing, and the control group was given routine
nursing; (4) outcome indexes: literature with one of the fol-
lowing indicators can be included: fasting blood glucose
(FBG, mmol/L), 2 h postprandial blood glucose (2hPG,
mmol/L), fasting insulin (FINS, U/L), 2 h postprandial insu-
lin (2hINS, U/L), triglycerides (TG, mmol/L), systolic blood
pressure (SBP, mmHg), and total effectiveness of blood glu-
cose control (cases).

2.1.2. Exclusion Criteria. The exclusion criteria are the fol-
lowing: (1) repeatedly published literature and (2) studies
with incomplete information and unable to extract effective
data.

2.2. Literature Retrieval Strategy. The RCTs on nursing
intervention in children with type 2 diabetes in CNKI,
VIP, WanFang, CBM, PubMed, The Cochrane Library,
Embase, and Science were searched by the computer until
July 2022. It was supplemented by manual secondary
retrieval, so as to ensure the comprehensiveness of literature
retrieval. The Chinese search takes “Nursing,” “Child,” and
“diabetes mellitus, type 2” as the subject words for combined
hybrid search. Taking WanFang database as an example, the
search formula is as follows: (nursing OR intervention)
AND (child OR teenagers OR children) and diabetes melli-
tus, type 2. English retrieval takes “nursing”, “child”, “diabe-
tes mellitus, type 2,” “randomized controlled trial” as the
subject word for combinatorial hybrid retrieval. Taking
PubMed as an example, the formula is as follows:
(((((((((“Nursing”[Mesh])) OR (Nurse[Title/Abstract])) OR
(Care[Title/Abstract])) OR (Caring[Title/Abstract])) OR
(Intervention[Title/Abstract])) OR (Intervene[Title/
Abstract])) AND (((((((“Child”[Mesh])) OR (Children[Ti-
tle/Abstract])) OR (preschool[Title/Abstract])) OR (young[-
Title/Abstract])) OR (youngsters[Title/Abstract])) OR
(teenagers[Title/Abstract]))) AND ((((((((((((((((((((((“Dia-
betes Mellitus, Type 2”[Mesh]) OR (Diabetes Mellitus, Non-
insulin-Dependent[Title/Abstract])) OR (Diabetes Mellitus,
Ketosis-Resistant[Title/Abstract])) OR (Diabetes Mellitus,
Ketosis Resistant[Title/Abstract])) OR (Ketosis-Resistant
Diabetes Mellitus[Title/Abstract])) OR (Diabetes Mellitus,
Non Insulin Dependent[Title/Abstract])) OR (Diabetes Mel-
litus, Non-Insulin-Dependent[Title/Abstract])) OR (Non-
Insulin-Dependent Diabetes Mellitus[Title/Abstract])) OR

(Diabetes Mellitus, Stable[Title/Abstract])) OR (Stable Dia-
betes Mellitus[Title/Abstract])) OR (Diabetes Mellitus, Type
II[Title/Abstract])) OR (NIDDM[Title/Abstract])) OR (Dia-
betes Mellitus, Noninsulin Dependent[Title/Abstract])) OR
(Diabetes Mellitus, Maturity-Onset[Title/Abstract])) OR
(Maturity Onset Diabetes Mellitus[Title/Abstract])) OR
(MODY[Title/Abstract])) OR (Diabetes Mellitus, Slow
Onset[Title/Abstract])) OR (Type 2 Diabetes Mellitus[Ti-
tle/Abstract])) OR (Noninsulin Dependent Diabetes Melli-
tus[Title/Abstract])) OR (Maturity Onset Diabetes[Title/
Abstract])) OR (Type 2 Diabetes[Title/Abstract])) OR (Dia-
betes, Type 2[Title/Abstract]))) AND (“Randomized Con-
trolled Trial” [Publication Type]).

2.3. Data and Relevant Information Extraction. Using an
independent double-blind method, two researchers read
the topics and abstracts for preliminary screening and then
read the full text for rescreening. Extract data from the final
included literature, cross-check it, and deliver the divergence
to the third researcher to decide whether to include it after
verification. The extracted information includes (1) the first
author and the year of publication; (2) study design, patients
number, age, and gender; (3) intervention measures, inter-
vention time, and intervention cycle; and (4) outcome mea-
sures: FBG, 2hPG, FINS, 2hINS, TG, SBP, and total
effectiveness of blood glucose control.

2.4. Study Quality Evaluation. The quality of the analyses is
influenced by the bias risk of the included studies. In this
study, two researchers evaluated the quality of articles using
the bias risk assessment tool in RevMan 5.3. Negotiate and
discuss the disagreement, and if necessary, invite a third
researcher to determine the results. The risk of bias included
in the literature was evaluated from six aspects: selection
bias, performance bias, detection bias, attrition bias, report-
ing bias, and other bias. Each item is evaluated with “low
risk,” “high risk,” and “unclear risk.” If all of them meet
the requirements of “low risk,” they will be rated as class
A; if some of them meet the requirements of “low risk,” they
will be rated as class B; and if none of them meet the require-
ments of “low risk,” they will be rated as class C.

2.5. Data Analysis. RevMan 5.3 is applied to analyze these
clinical data. If the outcome index is a continuous variable
and the measurement units are the same, the weighted mean
difference (MD) is used for data statistics and the 95% con-
fidence interval is calculated. If the outcome is a binary var-
iable, the odds ratio (OR) is used. This study detects the
heterogeneity between studies by calculating the I2 value.
When I2 = 0, there is no heterogeneity. When 0 < I2 < 50%,
the heterogeneity is small, and the fixed effect model is per-
formed. When I2 ≥ 50%, the heterogeneity is large, and the
random effect model is adopted.

3. Results

3.1. Article Retrieval and Basic Characteristics of Included
Literature. 1439 relevant literatures were initially detected,
and 984 literatures were obtained after eliminating duplicate
literatures. After excluding repeated publications, reviews,

2 Computational and Mathematical Methods in Medicine
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and noncompliance with the inclusion criteria through pri-
mary screening, 87 literatures were left. Finally, 5 RCTs were
kept after excluding noncompliance with the inclusion cri-
teria through secondary screening, with a total of 319
patients, where 162 was in the nursing group and 157 was
in the control group. The article screening details and the
basic information of these studies are shown in Figure 1
and Table 1, respectively.

3.2. Literature Quality Evaluation. In the 5 literatures, the
clinical baselines of the nursing group and the control group
including the gender, age, and prenursing indicators are
comparable. RevMan 5.3 software was utilized to evaluate
the bias risk of literature. Specifically, the patients in the five
articles were randomly grouped, only one mentioned the use
of random number table method, and the other four did not
mention it. Besides, all the articles did not describe the

detection bias and the quality of literature was all class B,
see Table 2 and Figure 2 for more information.

3.3. Analyses and Results

3.3.1. Effect of Nursing Intervention on FBG. Four studies
compared the FBG levels of the two groups, where the liter-
ature by Yu (2016) was eliminated to reduce the heterogene-
ity. Finally, 129 patients were included, where the number of
patients in the nursing group and control group was 67 and
62, respectively. The results of meta-analysis showed that
there was still a certain heterogeneity (P = 0:08, I2 = 60%),
so the random effect (RE) model was adopted for analysis
(MD= −1:68, 95% CI (-2.19, -1.17), P < 0:00001]) It can be
considered that nursing intervention can effectively reduce
the FBG level of children with type 2 diabetes, as shown in
(Figure 3).

1439 of records identified through database
searching: CNKI (n = 49), VIP (n = 19),
WangFang (n = 453), CBM (n = 121), pubmed
(n = 154), the cochrane library (n = 88),
embase (n = 445), science (n = 110)

0 of additional records
identified through other
sources

984 records after
duplicates removed

984 of records screened
892 of records excluded:
irrelevant to the subject
(n = 837), review (n = 55)

87 of full-text articles excluded,
with reasons: do not meet the
inclusion criteria (n = 83),
incomplete information (n = 4)

92 of full-text articles
assessed for eligibility

5 of studies included in quantitative
synthesis (meta-analysis)

Figure 1: Article screening flow chart.

Table 1: Basic characteristics of the included study.

Cases (n) Gender (male/female, n) Age (years)
Primary outcomeNursing

group
Control
group

Nursing
group

Control
group

Nursing
group

Control
group

Ba et al. (2017) [18] 45 45 25/20 23/22 8:6 ± 1:2 9:8 ± 1:3 (7)

Chen et al. (2006)
[19]

23 20 16/7 12/8 12:96 ± 1:52 12:15 ± 0:75 (1), (2), (3) (4), (5), (6),
(7)

Li et al. (2011) [20] 24 24 14/10 13/11 12:9 ± 1:5 12:2 ± 0:8 (1), (2), (5), (6), (7)

Liang (2005) [21] 20 18 12/8 11/7 12:96 ± 1:52 12:5 ± 0:75 (1), (2), (3), (4), (5), (6),
(7)

Yu (2016) [22] 50 50 28/22 27/23 10:5 ± 0:9 10:6 ± 1:1 (1), (2), (3), (4), (5), (6)

Primary outcome: (1): fasting blood glucose (FBG, mmol/L); (2) 2 h postprandial blood glucose (2hPG, mmol/L); (3): fasting insulin (FINS, U/L); (4): 2 h
postprandial insulin (2hINS, U/L); (5): triglycerides (TG, mmol/L); (6): systolic blood pressure (SBP, mmHg); and (7): total effectiveness of blood glucose
control (cases).
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3.3.2. Effect of Nursing Intervention on 2hPG. Four studies
compared the levels of 2hPG in the two groups, where the
literature by Yu (2016) was eliminated to reduce the hetero-
geneity. The results showed that the heterogeneity decreased
significantly after removing sensitive articles (P = 0:70, I2 = 0
%). Further, the FE model was used (MD= −4:01, 95% CI
(-4.70, -3.33), P < 0:00001), indicating that nursing interven-
tion can effectively reduce the level of 2hPG in children, as
shown in Figure 4.

3.3.3. Effect of Nursing Intervention on FINS. Three studies
compared the levels of FINS between the two groups, includ-

ing 181 patients, where 93 in the nursing group and 88 in the
control group. Since the heterogeneity of these studies was
small (P = 0:81, I2 = 0%), the fixed effect (FE) model was
performed for analysis (MD= −7:42, 95% CI (-10.63,
-4.20), P < 0:00001), indicating that nursing intervention
was better than routine nursing in reducing FINS in children
with type 2 diabetes. More information is shown in Figure 5.

3.3.4. Effect of Nursing Intervention on 2hINS. As shown in
Figure 6, three studies compared the levels of 2hINS. A total
of 181 patients were collected, where 93 patients were
divided into the nursing group and 88 patients were assigned

Table 2: The scale for assessing the report quality of clinical trials.

Literature year
Random sequence

generation
Allocation
concealment

Performance
bias

Detection
bias

Attrition
bias

Reporting
bias

Other
bias

Quality

Ba et al. (2017)
[18]

Unclear risk Low risk High risk
Unclear
risk

Low risk
Unclear
risk

Low
risk

B

Chen et al. (2006)
[19]

Unclear risk Low risk Unclear risk
Unclear
risk

Low risk Low risk
Low
risk

B

Li et al. (2011)
[20]

Unclear risk Low risk Unclear risk
Unclear
risk

Low risk Low risk
Low
risk

B

Liang (2005) [21] Unclear risk Low risk Unclear risk
Unclear
risk

Low risk Low risk
Low
risk

B

Yu (2016) [22] Low risk Low risk Unclear risk
Unclear
risk

Low risk Low risk
Low
risk

B

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0 25 50
(%)

75 100

Low risk of bias
Unclear risk of bias
High risk of bias

Figure 2: Included study bias risk assessment chart.

Nursing
SDStudy or subgroup

Chen 2006
Li 2011
Liang 2005
Yu 2016

Total (95% Cl)
Heterogeneity: Tau2 = 0.81; Chi2 = 47.90, df = 3 (P < 0.00001); I2 = 94%
Test for overall effect: Z = 2.81 (P = 0.005)

5.07
5.4

5.07
5.02

0.67
1.2

0.67
0.57

7
6.5

7
5.36

0.97
1

0.97
0.76

–1.93 [–2.44, –1.42]
–1.10 [–1.72, –0.48]
–1.93 [–2.47, –1.39]
–0.34 [–0.60, –0.08]

–1.31 [–2.23, –0.40]

23
24
20
50

117

20
24
18
50

112

24.9%
24.0%
24.7%
26.4%

100.0%

Mean Total Mean Total Weight

–2–4
Favours [nursing] Favours [control]

0 2

Control
SD

Mean difference
IV, random, 95% Cl

Mean difference
IV, random, 95% Cl

4

Figure 3: Effect of nursing intervention and routine nursing on fasting blood glucose (FBG).
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to the control group. Some heterogeneity existed in the
included studies (P < 0:002, I2 = 84%), and the RE model
was used for analysis (MD= −58:18, 95% CI (-103.24,
-13.11), P = 0:01). It can be considered that nursing inter-
vention is better than routine nursing in reducing 2hINS in
children with type 2 diabetes.

3.3.5. Effect of Nursing Intervention on TG. Four studies
compared the TG levels of the two groups, a total of 117 ð
the nursing groupÞ + 112 ðthe control groupÞ patients. Due
to the low heterogeneity between these studies (P = 0:81, I2
= 0%), the FE model was used for analysis (MD= −0:41,
95% CI (-0.56, -0.25), P < 0:00001). Meta-analysis results
show that nursing intervention has a better control effect
on TG level of patients (Figure 7).

3.3.6. Effect of Nursing Intervention on SBP. As shown in
Figure 8, four studies compared the SBP levels, which have
the same number patients as above. Because of the high het-
erogeneity between these studies (P = 0:08, I2 = 55%), the RE
model was adopted (MD= −8:85, 95% CI (-14.67, -3.03), P
= 0:003). It showed that nursing intervention has a better
effect on the control of SBP in patients.

3.3.7. Effect of Nursing Intervention on the Total Effectiveness
of Blood Glucose Control. As shown in Figure 9, four studies
compared the total effectiveness of blood glucose control
(112 patients in the nursing group and 107 patients in the
control group). Due to the low heterogeneity of the included
studies (P = 0:58, I2 = 0%), the fixed effect model was used
for analysis (MD= 4:71, 95% CI (2.5, 8.88), P < 0:00001).
It can be considered that nursing intervention can effectively
control the blood glucose of children and maintain it at a
normal level.

3.3.8. Funnel Chart of Publication Bias in Each Dimension.
As shown in Figure 10, the funnel chart was used to detect
publication bias of the literatures included in the study.
The result showed that the dots are asymmetrically distrib-
uted on both sides of the vertical line, suggesting that there
is a certain publication bias in the literature.

4. Discussion

Type 2 diabetes is rare in children with diabetes, accounting
for about 5% of the incidence rate of diabetes in children
[23]. The disease is a chronic disease with serious clinical

Nursing
SDStudy or subgroup

Chen 2006
Li 2011
Liang 2005
Yu 2016

Total (95% Cl)
Heterogeneity: Tau2 = 5.32; Chi2 = 72.60, df = 3 (P < 0.00001); I2 = 96%
Test for overall effect: Z = 2.60 (P = 0.009)

6.98
7.1

6.94
6.97

1.8
1.9

1.86
0.84

10.74
11.5

10.76
7.45

2.11
2.1

2.11
1.35

–3.76 [–4.94, –2.58]
–4.40 [–5.53, –3.27]
–3.82 [–5.09, –2.55]
–0.48 [–0.92, –0.04]

–3.08 [–5.40, –0.76]

23
24
20
50

117

20
24
18
50

112

24.7%
24.8%
24.4%
26.1%

100.0%

Mean Total Mean Total Weight
Control

SD
Mean difference

IV, random, 95% Cl
Mean difference

IV, random, 95% Cl

–5–10
Favours [nursing] Favours [control]

0 5 10

Figure 4: Effect of nursing intervention and routine nursing on 2 h postprandial blood glucose (2hPG).

Nursing
SDStudy or subgroup

Chen 2006
Liang 2005
Yu 2016

Total (95% Cl)
Heterogeneity: Chi2 = 0.42, df = 2 (P = 0.81); I2 = 0%
Test for overall effect: Z = 4.53 (P < 0.00001)

10.8
10.08
14.31

8.53
8.53

11.44

18.54
18.54
20.16

8.99
8.99

17.88

–7.74 [–13.00, –2.48]
–8.46 [–14.05, –2.87]

–5.85 [–11.73, 0.03]

–7.42 [–10.63, –4.20]

23
20
50

93

20
18
50

88

37.2%
33.0%
29.8%

100.0%

Mean Total Mean Total Weight

–10–20
Favours [nursing] Favours [control]

0 10

Control
SD

Mean difference
IV, fixed, 95% Cl

Mean difference
IV, fixed, 95% Cl

20

Figure 5: Effect of nursing intervention and routine nursing on fasting insulin (FINS).

Nursing
SDStudy or subgroup

Chen 2006
Liang 2005
Yu 2016

Total (95% Cl)
Heterogeneity: Tau2 = 1324.30; Chi2 = 12.51, df = 2 (P = 0.002); I2 = 84%
Test for overall effect: Z = 2.53 (P = 0.01)

91.36
91.36
78.31

52.91
52.91
52.54

173.3
173.3
96.95

61.31
61.31
66.04

–81.94 [–116.43, –47.45]
–78.94 [–115.54, –42.34]

–18.64 [–42.03, 4.75]

58.18 [–103.24, –13.11]

23
20
50

93

20
18
50

88

32.4%
31.6%
36.0%

100.0%

Mean Total Mean Total Weight

–50–100
Favours [nursing] Favours [control]
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Control
SD

Mean difference
IV, random, 95% Cl

Mean difference
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Figure 6: Effect of nursing intervention and routine nursing on 2 h postprandial insulin (2hINS).
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harm, which seriously endangers children’s daily life [24,
25]. Since there is no complete cure at present, it is very
important to take appropriate treatment measures to control
blood glucose in the body [26]. The results of this study
show that nursing intervention can significantly reduce the
fasting blood glucose of children (MD= −1:68, 95% CI
(-2.19, -1.17), P < 0:00001) and 2h postprandial blood glu-
cose (MD= −4:01, 95% CI (-4.70, -3.33), P < 0:00001) and
strengthen the hypoglycemic effect. Compared with routine
nursing, nursing intervention is more targeted, providing
patients with diabetes education and life, emotional, and
behavioral support, strengthening patients’ understanding
of the disease and enhancing the understanding to the
important role of blood glucose in disease progression [27].
On the other hand, combined diet control, exercise therapy,
bad behavior correction, blood glucose real-time monitor-
ing, and other measures, nursing intervention plays a posi-
tive role in blood glucose control [28].

Insulin resistance and pancreatic β cell function defects
are two pathological features of type 2 diabetes [29]. Due
to the lack of effective use of insulin, the level of insulin

secreted by the body is excessive, which makes the pancre-
atic β cell function gradually decreases [30]. Therefore, more
attention should be paid to insulin resistance in the preven-
tion and treatment of type 2 diabetes. The results of this
study showed that, compared with routine nursing, nursing
intervention can significantly reduce fasting insulin in chil-
dren (MD= −7:42, 95% CI (-10.63, -4.20), P < 0:00001)
and 2h postprandial insulin (MD= −58:18, 95% CI
(-103.24, -13.11), P = 0:01) and effectively promote the utili-
zation of insulin in patients. The reason is that the nursing
intervention mode strengthens the relevant behaviors and
knowledge of patients and enables patients to better under-
stand the problems existing in the process of disease man-
agement and actively correct them, which is conducive to
the formation of patients’ health awareness and improves
their self-management ability by analyzing the problems
existing in the process of insulin secretion, utilization, and
conversion with patients and guiding patients to write dis-
ease diaries. Patients pay close attention to insulin and other
indicators during treatment and communicate with doctors
at any time, which is conducive to the doctors’ timely

Nursing
SDStudy or subgroup

Chen 2006
Li 2011
Liang 2005
Yu 2016

Total (95% Cl)
Heterogeneity: Chi2 = 0.96, df = 3 (P = 0.81); I2 = 0%
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Figure 7: Effect of nursing intervention and routine nursing on triglycerides (TG).
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Figure 8: Effect of nursing intervention and routine nursing on systolic blood pressure (SBP).
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Figure 9: Effect of nursing intervention and routine nursing on total effectiveness of blood glucose control.
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Figure 10: Funnel chart of publication bias in each dimension: (a) FBG, (b) 2hPG, (c) FINS, (d) 2hINS, (e) TG, (f) SBP, and (g) total
effectiveness of blood glucose control.
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feedback. Thus, it can promote the good use of insulin in
patients and make the treatment effect more effective.

Studies have shown that history of hypertension, history
of staying up late, and high triglycerides are possible
influencing factors of type 2 diabetes [31–33]. Therefore,
we will combine these basic clinical indicators to judge the
patient’s condition control. This study systematically dis-
cussed the effects of nursing intervention on triglycerides
and systolic blood pressure by collecting data from some lit-
eratures. The results revealed that nursing intervention
could effectively decrease the triglyceride level of children
with type 2 diabetes (MD= −0:41, 95% CI (-0.56, -0.25), P
< 0:00001) and maintain the systolic blood pressure of chil-
dren in a normal state (MD= −8:85, 95% CI (-14.67, -3.03),
P = 0:003). The reason is that triglycerides and systolic blood
pressure are closely related to dietary obesity and lack of
exercise [34, 35]. Therefore, in the process of nursing inter-
vention, doctors and nurses will work with children and par-
ents to formulate weight loss goals and take a step-by-step
approach to gradually reduce weight. Dietitians should rea-
sonably adjust their dietary structure. Special personnel were
assigned to give specific exercise guidance, and the amount
of therapeutic exercise was determined according to the
height, weight, and obesity of each child. Through weight
loss, diet, and exercise to guide children’s daily life, their tri-
glyceride and systolic blood pressure levels were improved.

The effectiveness of blood glucose control in children
with type 2 diabetes is an important indicator for the sys-
tematic evaluation of this treatment measure [36]. This
meta-analysis showed that nursing intervention applied to
the treatment of children with type 2 diabetes could signifi-
cantly improve the total effectiveness of blood glucose con-
trol (MD= 4:71, 95% CI (2.5, 8.88), P < 0:00001), and the
difference was statistically significant. Compared with rou-
tine nursing, nursing intervention can effectively control
patients’ fasting blood glucose and 2h postprandial blood
glucose, improve patients’ self-management ability, and
guide patients to implement correct nursing behavior, so as
to improve the total efficiency of blood glucose control [37].

This study has some limitations. (1) Due to the small
number of children with type 2 diabetes, there are few arti-
cles on the effect of nursing intervention on the treatment
of type 2 diabetes in children. In this meta-analysis, a total
of 5 RCT studies of medium quality were collected, which
still need to be supported by evidence-based articles of
higher quality. (2) We only searched the literature in Chi-
nese and English languages. After the search and screening,
there are 4 Chinese articles and 1 English article, which
may have problems such as publication bias and incomplete
document collection. (3) In this analysis, we analyzed the
seven outcome indicators of FBG, 2hPG, FINS, 2hINS, TG,
SBP, and blood glucose control, but glycosylated hemoglo-
bin (HbA1c,%) is also an important indicator to evaluate
the treatment effect of children [38]. Since only two litera-
tures in this study reported HbAc1 data, which is of little sta-
tistical value, it was not included in this analysis. (4) From
the analysis results of seven outcome indicators, the results
of FBG, 2hPG, 2hINS, and SBP have great heterogeneity.
Analyzing the reasons that the research objects in Li (2011)

and Yu (2016) included not only children with type 2 diabe-
tes but also children with obesity and abnormal glucose
metabolism. Although obesity and abnormal glucose metab-
olism are high-risk factors for type 2 diabetes, they can also
affect the results. On the other hand, it may be related to
nursing intervention measures and nursing time. Among
the 5 articles, 4 introduced their nursing method as compre-
hensive nursing, and 1 did not introduce it; three articles
introduced their nursing intervention about 18 months and
the other two did not. Because the number of included liter-
atures is too small to conduct subgroup analysis, this result
needs more high-quality research support.

5. Conclusion

Nursing intervention has a significant effect in controlling
blood glucose, promoting insulin utilization, improving tri-
glyceride levels, and improving the total effective rate of
blood glucose control in children with type 2 diabetes.
Although the implementation of comprehensive nursing
requires nurses to pay more time and energy, it provides a
full range of services for children, has good clinical applica-
tion value, and is worth promoting.
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Objective. To investigate the value of intestinal flora in predicting major adverse cardiovascular and cerebrovascular events
(MACCE) in patients with refractory hypertension (RH). Methods. 359 patients with RH hospitalized in our hospital from
April 2020 to March 2021 were followed up for 1 year and selected for the study. These patients were divided into a MACCE
group and no-MACCE group. Results were analyzed by comparing general information, the abundance of intestinal flora at
the phylum level, and the abundance of intestinal flora at the species level between the two groups. The influence factors
related to MACCE were evaluated using multifactor logistic regression analysis, and the value of intestinal flora in predicting
MACCE was determined using receiver operating characteristic (ROC) and the area under ROC (AUC). Results. Systolic blood
pressure was higher in the MACCE group than in the no-MACCE group (P < 0:05). The abundances of Actinomycetes and
Verrucomicrobia were higher in the MACCE group than in the no-MACCE group, while unnamed viruses were the opposite
(P < 0:05). The abundances of Eubacterium eligens, Akkermansia muciniphila, Prevotella stercorea, and Eubacterium rectale
were lower in the MACCE group than in the no-MACCE group, while Escherichia coli, Clostridium hathewayi, and
Ruminococcus gnavus were opposite (P < 0:05). Systolic blood pressure, Actinomycetes, unnamed viruses, Verrucomicrobia,
Eubacterium eligens, Akkermansia muciniphila, Prevotella stercorea, Eubacterium rectale, Escherichia coli, Clostridium
hathewayi, and Ruminococcus gnavus were closely associated with MACCE in RH patients (P < 0:05). In addition,
Akkermansia muciniphila had the highest AUC among the single indicator but was still lower than the AUC of the combined
detection. Conclusion. The increases of Actinomycetes, Verrucomicrobia, Escherichia coli, Clostridium hathewayi, and
Ruminococcus gnavus and the decreases of unnamed viruses, Eubacterium eligens, Akkermansia muciniphila, Prevotella
stercorea, and Eubacterium rectale were associated with MACCE in RH patients, and the combined detection may provide a
method and idea for predicting and preventing MACCE.

1. Introduction

In China, the morbidity of hypertension is 18.8% in people
aged ≥18, while the blood pressure control rate is only
6.1%, which is not only related to medication compliance
and treatment timeliness but also related to the number of
patients with refractory hypertension (RH) [1]. RH patients
are more difficult to control their blood pressure. Poor blood
pressure control has been proven to cause damage to target

organs such as the heart, brain, and kidney and increase
the risk of major adverse cardiovascular and cerebrovascular
events (MACCE), threatening the life of patients. Thus, early
predicting the risk of RH patients complicated with MACCE
is of great significance for the prevention and treatment of
MACCE and its adverse prognosis [2]. Intestinal flora con-
tains a large number of diverse microorganisms and contin-
uously exchanges information with the host, participating in
multiple physiological processes such as digestion, intestinal
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barrier, nervous system regulation, and metabolism [3, 4].
Compared with healthy people, hypertensive patients are
significantly abnormal in the intestinal flora, which is closely
associated with blood pressure level, indicating that the
intestinal flora is related to the incidence and progression
of hypertension. However, there is no data on whether intes-
tinal flora is involved in the occurrence and prediction of
MACCE in RH patients [5]. Based on the above background,
this study attempted to explore the predictive value of intes-
tinal flora in MACCE in RH patients, with the hope of pro-
viding evidence-based references for the mechanism of
MACCE in RH patients. Details are as follows.

2. Materials and Methods

2.1. RH Patients. The study recruited 359 patients with RH
hospitalized in our hospital from April 2020 to March
2021. During the 1-year follow-up, 4 patients were lost to
follow-up and 355 patients were visited, including 179
females and 176 males, aged from 38 to 86 years, with an
average of 56:64 ± 13:90 years. All patients signed the writ-
ten informed consent. The study was permitted by the Ethics
Committee of our hospital. All patients were divided into 2
groups, including a MACCE group and no-MACCE group.

Inclusion criteria are listed as follows: (i) patients meet-
ing the diagnostic criteria of RH [1], (ii) patients who prom-
ised to cooperate with follow-up, (iii) patients whose age was
more than 18, (iv) patients with over 1 year of survival rate,
(v) patients without terminal diseases, and (vi) patients vol-
untarily signing informed consent. Exclusion criteria are as
follows: (i) patients with acute gastroenteritis, (ii) patients
with chronic intestinal disease, (iii) patients with malignant
cancers, (iv) patients who had been treated with beneficial
bacteria and antibacterial drugs within 1 month before
enrollment, (v) patients lost to follow up, (vi) patients who
could not communicate properly, and (vii) patients who
had MACCE induced by vascular malformation, aneurysm,
and hematologic diseases.

2.2. Method

2.2.1. Information Collection of RH Patients. General infor-
mation questionnaire was performed to collect RH patient
information, including age, gender, body mass index,
diastolic blood pressure, systolic blood pressure, duration
of disease, diabetes, hyperlipidemia, smoking, drinking,
chronic renal insufficiency, and medication history.

2.2.2. Detection of Intestinal Flora. Reagents used in this
study included Stool DNA Kit (Beijing Dingguo Chang-
sheng Biotech, China) and 2 × Taq PCR MasterMix
(Solarbio, Beijing, China). Primer synthesis was performed
by Sangon Biotech (Shanghai, China). Experiment instru-
ments included an ultraviolet spectrophotometer (U-3900;
Hitachi, Tokyo, Japan), polymerase chain reaction (PCR)
thermocycler (9600; PerkinElmer, Boston, MA, USA), auto-
matic PCR analysis system (LightCycler 480, Roche, Basel,
Switzerland), and ultraviolet transmission and reflection
analyzer (FS-312; Shanghai Fusheng Biotech, China).

2 g of midstream stools was collected from RH patients
using a special stool collector, and DNA was extracted using a
stool DNA Kit. DNA purification and concentration were ana-
lyzed by an ultraviolet spectrophotometer, and DNA integrity
was determined by agarose gel electrophoresis. The OD260/
OD280 of purified DNA with high purity is between 1.6 and
1.8. Then, V3-V4 variable regions of microbial 16 SrDNA were
amplified by PCR with primers (forward, 5′-GTGT
GYCAGCMGCCGCGGTAA-3′ and reverse, 5′-CCGGAC
TACNVGGGTWTCTAAT-3′) with the reaction at 94°C for
3min, 27 cycles at 94°C for 30 s, 72°C for 30 s, and 72°C for
10min and then identified by high-throughput sequencing
using an Illumina HiSeq sequencer, followed by bioinformat-
ics analysis. The DNA was quantified by quantitative real-
time PCR with a PCR thermocycler. Double barcode was
introduced into the primer area for PCR amplification to pre-
vent amplification bias and the occurrence of chimeric
sequences to ensure the satisfactory concentration of amplifi-
cation products in the minimum cycle number of samples.

When investigating microbial diversity, operational taxa
are introduced to facilitate analysis and improve efficiency.
Representative sequences of the operational taxonomic unit
were selected and compared with ribosomal RNA data of
Greengenes Database 13-8 version based on 99% sequence
similarity clustering to obtain the annotation information
of species. Single sequences and chimeric sequences without
duplication were taken out, and the confidence threshold
was set to 70% to obtain the composition of the tested sam-
ples at phylum and species classification levels. The species
abundance spectrum was evaluated according to the propor-
tion of phylum and species in the total number of sequences.

2.3. Observation Indexes. The observation indexer were as fol-
lows: (1) general information was compared between the two
groups. (2) The abundance of intestinal flora at the phylum
level was compared between the two groups. (3) The abun-
dance of intestinal flora at the species level was compared
between the two groups. (4) The influence factors of RH com-
plicated with MACCE were analyzed between the two groups.
(5) The predictive value of intestinal microbiota-related
indexes for MACCE was assessed between the two groups.

2.4. Statistical Analysis. All data were analyzed using
SPSS24.0. Attribute data were compared using the χ2 test
and expressed as n (%), while variables data were compared
with Student’s t-tests and expressed as means ± standard
deviations (SD). The factors related to MACCE were evalu-
ated using multifactor logistic regression analysis, and the
value of intestinal flora in predicting MACCE was deter-
mined using receiver operating characteristic (ROC) and
the area under ROC (AUC). P < 0:05 indicated statistical
significance.

3. Results

3.1. Comparison of General Informal. During the 1-year
follow-up, 4 cases were lost to follow-up and 355 cases were
visited. As a result, MACCE occurred in 169 cases (47.61%),
including 55 cases with cerebral hemorrhage, 62 cases with
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cerebral infarction, 44 cases with acute myocardial infarc-
tion, and 8 cases with cardiovascular and cerebrovascular
event-related death. 186 cases (52.39%) did not occur with
MACCE. The results showed that there was no significant
difference in age, gender, body mass index, diastolic blood
pressure, duration of disease, diabetes, hyperlipidemia,
smoking, drinking, chronic renal insufficiency, and medica-
tion history when comparing the two groups (Table 1).
But, systolic pressure is higher in the MACCE group than
in the no-MACCE group (P < 0:05) (Table 1).

3.2. Comparison for the Abundance of Intestinal Flora at the
Phylum Level. The results showed that the abundances of
Actinomycetes and Verrucomicrobia were higher in the
MACCE group than in the no-MACCE group, while the
abundance of unnamed virus had the opposite results
(P < 0:05) (Table 2).

3.3. Comparison for the Abundance of Intestinal Flora at the
Species Level. The results showed that the abundances of
Eubacterium eligens, Akkermansia muciniphila, Prevotella
stercorea, and Eubacterium rectale were lower in the MACCE
group than in the no-MACCE group, while the abundances of
Escherichia coli, Clostridium hathewayi, and Ruminococcus
gnavus were opposite (P < 0:05) (Table 3).

3.4. Multiple-Factor Analysis of RH Complicated with
MACCE. MACCE occurrence was taken as the dependent
variable, and the comparison index between the two groups
(P < 0:05) was taken as the independent variable. As shown
in Table 4, systolic pressure, Actinomycetes, unnamed virus,
Verrucomicrobia, Eubacterium eligens, Akkermansia muci-
niphila, Prevotella stercorea, Escherichia coli, Eubacterium
rectale, Clostridium hathewayi, and Ruminococcus gnavus
were all associated with MACCE in RH patients (P < 0:05).

3.5. Analysis of the Predictive Value of Intestinal Microbiota-
Related Indexes for MACCE. According to the ROC curve of
intestinal microbiota-related indexes to predict MACCE, we
found that the combined detection had the highest AUC
(Figure 1 and Table 5).

4. Discussion

Diastolic blood pressure and/or systolic blood pressure still
cannot be effectively controlled after RH patients sufficiently
take more than 3 types of antihypertensive drugs including
diuretics. It is difficult to control blood pressure in such
patients, and the risk of MACCE increases accordingly [6].
Thus, it is necessary to investigate MACCE in RH patients.
Intestinal flora is an important component of intestinal
microecology, and it is in a dynamic and stable state under
a physiological state, which is crucial for maintaining body
health. The blood pressure of healthy germ-free mice was
significantly increased after being treated with the stool of
hypertensive mice [7]. However, the supplementation of
Bifidobacterium breve could improve vascular endothelial
function and prevent systolic blood pressure from rising
[8]. Yan et al. [9] reported that the intestinal flora of healthy
rats could significantly reduce the blood pressure of hyper-

tensive rats and reshaped the composition, metabolism,
and interrelationship of intestinal flora in hypertensive ani-
mal models induced by high salt and increased intestinal-
derived corticosterone production, serum levels, and intesti-
nal corticosterone levels, thereby promoting the increase of
blood pressure. The above evidence suggested that the path-
ogenesis of high blood pressure involved the intestinal flora.

At the level of phylum classification, Bacteroidetes and
phylum Firmicutes are the two most dominant phyla in
the intestinal flora of healthy people and hypertensive people
[10]. The present study found the similar phenomenon that
the abundances of Bacteroidetes and phylum Firmicutes
were the highest in the intestinal flora of RH patients regard-
less of whether they were complicated with MACCE. More-
over, the study showed that the abundances of
Actinomycetes and Verrucomicrobia were higher in the
MACCE group than in the no-MACCE group, while the
abundance of unnamed virus had the opposite results, indi-
cating that Actinomycetes, Verrucomicrobia, and unnamed
virus were associated with MACCE in RH patients. As
reported, in RH patients with MACCE, both Actinomycetes
and Verrucomicrobia can regulate energy metabolism and
further affect the occurrence of obesity, which is recognized
as a MACCE-related risk factor [11], demonstrating that
their upregulation may affect the occurrence of MACCE
through the energy metabolism. Unnamed viruses can pro-
duce butyrate, maintain intestinal mucosal barrier function,
and prevent harmful metabolites such as trimethylamine
and lipopolysaccharide from entering the peripheral circula-
tion through intestinal mucosa by upregulating the expres-
sion of intestinal epithelial tight junction protein [12].
Therefore, theoretically, reducing of abundances of Actino-
mycetes and Verrucomicrobia and increasing the abundance
of unnamed viruses may help prevent damage to target
organs such as the heart and brain in RH patients. However,
how to regulate intestinal flora and whether it can bring sub-
stantial benefits to RH patients in the clinic remain to be fur-
ther explored.

At the level of species classification, the number of
Escherichia coli, Clostridium hathewayi, and Ruminococcus
gnavus is higher in hypertensive patients than in healthy
people [13]. Our data showed that the abundances of Eubac-
terium eligens, Akkermansia muciniphila, Prevotella ster-
corea, and Eubacterium rectale were significantly decreased
in the MACCE group compared with the no-MACCE group,
while the abundances of Escherichia coli, Clostridium hathe-
wayi, and Ruminococcus gnavus were opposite. Among
them, Escherichia coli parasitizes the human large intestine
in the physiological state, harmless to the human body, but
under certain conditions, it can produce coagulase, entero-
toxin, and other harmful substances, causing inflammatory
reaction, affecting the occurrence of MACCE through the
brain-intestinal circulation pathway. A previous study
explained that the increased abundance of Escherichia coli
was a potential biomarker for predicting cardiovascular
events after acute coronary syndrome [14], and our results
were similar to the finding. According to the investigation
of Li et al., the intestinal microflora Clostridium hathewayi
increases in patients with diabetes, which is related to
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MACCE, which supports the role of Clostridium hathewayi
in MACCE [15]. However, it is a pity that Clostridium
hathewayi is rarely studied in the field of acute cardiovascu-
lar and cerebrovascular diseases, and the specific mechanism

of Clostridium hathewayi in the occurrence of MACCE is
still not clear. Ruminococcus gnavus is a member of the phy-
lum Firmicutes and has a low abundance among the intesti-
nal flora. Considerable evidence suggested that the increased

Table 1: Comparison of general information between the two groups.

Data MACCE group (n = 169) No-MACCE group (n = 186) t/χ2 P

Age (year) 57:48 ± 9:64 55:87 ± 11:30 1.437 0.152

Gender 0.351 0.554

Female 88 (52.07) 91 (48.92)

Male 81 (47.93) 95 (51.08)

Body mass index (kg/m2) 23:70 ± 0:59 23:58 ± 0:67 1.783 0.075

Diastolic blood pressure (mmHg) 114:58 ± 6:72 113:95 ± 5:24 0.990 0.323

Systolic blood pressure (mmHg) 153:84 ± 5:01 149:60 ± 5:31 7.718 0.001

Duration of disease (years) 7:92 ± 1:36 7:85 ± 1:42 0.473 0.636

Diabetes 0.679 0.410

No 146 (86.39) 166 (89.25)

Yes 23 (13.61) 20 (10.75)

Hyperlipidemia 0.733 0.392

No 110 (65.09) 129 (69.35)

Yes 59 (34.91) 57 (30.65)

Smoking 0.319 0.572

No 135 (79.88) 144 (77.42)

Yes 34 (20.12) 42 (22.58)

Drinking 0.307 0.580

No 141 (83.43) 151 (81.18)

Yes 28 (16.57) 35 (18.82)

Chronic renal insufficiency 1.387 0.239

No 158 (93.49) 179 (96.24)

Yes 11 (6.51) 7 (3.76)

Medication history

Calcium antagonists 132 (78.11) 152 (81.72) 0.723 0.395

Diuretics 115 (68.05) 123 (66.13) 0.148 0.701

Beta-blockers 108 (63.91) 115 (61.83) 0.087 0.768

ACEI/ARB 161 (95.27) 180 (96.77) 0.532 0.466

Table 2: Comparison of abundance of intestinal flora at the phylum level between the two groups (±s).

Phylum MACCE group (n = 169) No-MACCE group (n = 186) t P

Actinomycetes 3:61 ± 1:02 0:34 ± 0:11 43.451 0.001

Chlamydiae 0:07 ± 0:02 0:07 ± 0:02 0.000 1.000

Unnamed virus 0:38 ± 0:12 0:75 ± 0:21 20.113 0.001

Bacteroidetes 25:42 ± 8:35 26:30 ± 9:48 0.924 0.356

Verrucomicrobia 12:72 ± 4:11 2:49 ± 0:82 33.231 0.001

Euryarchaeota 0:86 ± 0:23 0:83 ± 0:19 1.344 0.180

Phylum Firmicutes 51:35 ± 12:26 53:11 ± 14:73 1.217 0.225

Proteobacteria 12:22 ± 3:54 11:73 ± 3:25 1.360 0.175

Synergistetes 2:20 ± 0:70 2:09 ± 0:68 1.501 0.134

Fusobacteria 0:37 ± 0:11 0:39 ± 0:12 1.632 0.104
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Table 4: Logistic regression equation analysis of RH complicated with MACCE.

Influence factors β SE Wald x2 OR 95% CI P

Systolic pressure 2.458 0.659 13.907 11.676 1.835~74.293 0.001

Actinomycetes 1.847 0.512 13.009 6.339 1.148~35.002 0.001

Unnamed virus -1.485 0.455 10.646 0.227 0.105~0.489 0.001

Verrucomicrobia 2.616 0.688 14.456 13.678 2.194~85.277 0.001

Eubacterium eligens -0.846 0.236 12.845 0.429 0.258~0.714 0.001

Akkermansia muciniphila -1.322 0.414 10.199 0.267 0.078~0.911 0.001

Prevotella stercorea -0.680 0.203 11.206 0.507 0.394~0.652 0.001

Escherichia coli 2.579 0.732 12.409 13.178 4.662~37.251 0.001

Eubacterium rectale -0.995 0.279 12.713 0.370 0.163~0.839 0.001

Clostridium Hathewayi 2.682 0.505 28.196 14.607 3.522~60.584 0.001

Ruminococcus gnavus 1.920 0.576 11.112 6.821 1.039~44.784 0.001

Table 3: Comparison for the abundance of intestinal flora at the species level between the two groups.

Species MACCE group (n = 169) No-MACCE group (n = 186) t P

Eubacterium eligens 1:34 ± 0:40 2:58 ± 0:83 17.647 0.001

Akkermansia muciniphila 0:09 ± 0:03 10:24 ± 3:11 42.420 0.001

Prevotella stercorea 0:04 ± 0:01 3:87 ± 1:29 35.591 0.001

Escherichia coli 6:25 ± 2:18 1:60 ± 0:55 28.126 0.001

Eubacterium rectale 0:79 ± 0:22 7:93 ± 2:34 39.503 0.001

Clostridium hathewayi 2:88 ± 0:94 0:09 ± 0:02 40.475 0.001

Ruminococcus gnavus 2:07 ± 0:60 0:66 ± 0:21 30.089 0.001
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Figure 1: ROC curves of intestinal flora-related indexes to predict MACCE.
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abundance of Ruminococcus gnavus could lead to oxidative
stress and intestinal barrier damage [16]. Eubacterium eli-
gens and Eubacterium rectale are symbiotic bacteria of the
human intestinal flora that can produce butyric acid and
reduce the risk of atherosclerosis [17]. Akkermansia mucini-
phila is a kind of probiotic that widely exists in animals and
humans, and its decrease is associated with many metabolic
diseases, such as diabetes, obesity and hypertension [18].
Prevotella stercorea is a kind of important symbiotic bacte-
rium of human intestinal flora, which can protect the gastro-
intestinal mucosa, inhibit inflammation, and maintain the
stability of the intestinal mucosa [19]. Thus, the decreased
abundances of Eubacterium eligens, Akkermansia mucini-
phila, Prevotella stercorea, and Eubacterium rectale and the
increased abundances of Escherichia coli, Clostridium
hathewayi, and Ruminococcus gnavus were associated with
MACCE in RH patients.

In the present study, according to the results of ROC
analysis, we found that the AUC of each intestinal flora in
predicting MACCE was >0.7, showing their predictive value
in MACCE. In particular, the AUC of Akkermansia mucini-
phila was the highest compared with other intestinal flora,
suggesting that Akkermansia muciniphila had the highest
predictive value in MACCE among these intestinal florae.
However, the AUC of combined detection of the intestinal
flora was 0.926, which was significantly higher than that of
other single intestinal flora, suggesting that the combined
detection of the intestinal flora could improve the reliability
of predicting MACCE. The reason may be that these intesti-
nal florae are associated with the occurrence of MACCE, and
the combined detection covers more mechanisms of
MACCE occurrence. However, intestinal flora detection
has certain requirements on hospital hardware and software
configuration, which may limit its application in primary
medical centers. Thus, further studies are needed to study
more convenient intestinal flora detection methods.

Taken together, the increased number of Actinomycetes,
Verrucomicrobia, Escherichia coli, Clostridium hathewayi,
and Ruminococcus gnavus and the decreased number of
unnamed virus, Eubacterium eligens, Akkermansia mucini-
phila, Prevotella stercorea, and Eubacterium rectale were

associated with MACCE in RH patients. The combined
detection can provide a method and idea for predicting
and preventing MACCE.

Data Availability

The labeled dataset used to support the findings of this study
is available from the corresponding author upon request.
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In order to scientifically explore the effective path of strength quality training of basketball players and improve the effect of
strength quality training of basketball players, this paper takes young basketball players as the research object and
comprehensively observes the changes and improvement of strength quality by building a strength training monitoring system
for basketball players. On this basis, it is proposed to integrate blood flow restriction and basketball players’ special strength
training. Through the comparison with the traditional resistance strength training method, it is found that after 8 weeks of
experimental comparison, the athletes’ strength quality test indicators show that the average 3RM of the experimental group 1
bench press is 65.2 kg, the experimental group 2 is 65.7 kg, and the experimental group 3 is 72.2 kg. The average performance
of the traditional control group was 55.4 kg. Compared with the traditional group, the average performance of the three
experimental groups in bench press was significantly improved, which also verified the feasibility of this method in strength
quality training.

1. Introduction

Any sports event is completed by the muscle tissue as an
active sports organ with different compliance intensity and
contraction speed and then drives the movement of bones
of specific sports organs to complete the action. If the
strength brought by the contraction and relaxation of
human muscles is improved in the process of sports, the
effect of sports is bound to be affected. The running, jump-
ing, and confrontation in the process of sports are insepara-
ble from the strength quality of athletes, and a good strength
quality will have a higher sports effect. Especially for basket-
ball players, because basketball itself is a competitive sport,
basketball players will face a lot of physical confrontation
in the process of competition [1, 2]. Physical confrontation
must rely on good strength quality as support, so special
strength training of athletes is very important. This paper
introduces a blood flow restriction training method and dis-
cusses the feasibility of special strength training by compar-
ing with traditional resistance strength training.

2. Literature Review

Leng et al. analyzed the impact of core strength training on
swimmers through empirical research. The results show that
athletes can effectively improve their core strength through a
period of core strength training. When athletes make various
technical actions, they can greatly improve the coordination
between the muscle groups involved, which is conducive to
athletes’ better control of the body’s focus, so as to improve
athletes’ special technical ability and improve their sports
performance [3]. Gómez-Carmona et al. conducted empiri-
cal research on the core strength training of fencing athletes.
The research shows that fencing athletes can significantly
improve their core strength, core endurance, core explosive
power, and other abilities after a period of training by choos-
ing their own core strength training methods [4]. Zou et al.
conducted core stability training experiments on track and
field athletes. The results of the experiments show that after
receiving a period of core stability training, middle- and
long-distance runners can greatly improve their running
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efficiency and respiratory muscle ability and effectively
reduce the probability of athletes’ sports injury [5]. Li and
Wang believe that because core strength training plays an
important role in the performance of throwing athletes, ath-
letes can significantly improve their body coordination and
flexibility after a period of core strength training and maxi-
mize the strength of all parts of athletes [6]. Mwanzia et al.
believe that in modern basketball, athletes need to have good
core strength quality as support and guarantee when making
basic technical actions such as moving, shooting, changing
direction, passing, and breakthrough [7]. Only basketball
players have strong core strength quality; they can ensure
the stability of their bodies when making various technical
movements. Especially in the process of physical confronta-
tion, the importance of core strength training is self-evident,
so that all links of the athlete’s body can form a powerful
whole, so as to ensure the coordination and flexibility
between the upper and lower limbs, and improve the ath-
lete’s ability to use skills and tactics. Chao et al. believe that
athletes need the participation of core areas in the process of
making various difficult technical actions in training and
competition. The core area plays an important role in the
stability, coordination, and continuity of athletes in the pro-
cess of completing various technical movements. They also
proposed that the core strength area mainly refers to the
lumbar and abdominal muscles, back muscles, hip muscles,
and deeper muscle groups [8].

3. Athlete Training Monitoring System

3.1. Pneumatic Strength Training System. This paper studies
a set of training equipment driven by air pressure as a load-
bearing load [9]. This series of training equipment includes
many horizontal equipment. Although each equipment has
slightly different appearance and structure for different limb
parts, the load source is all driven by air pressure, which is
the same as training resistance. The training system studied
in this topic includes two parts: the first level system is the
service host for information storage and instruction distribu-
tion, and the second level system is the equipment directly
involved in training, and its structure is shown in Figure 1.

As a service host, the primary system is carried on the
PC side and is operated by the training center specialist to
record and store data and issue training tasks. In terms of
information exchange between the upper and lower systems,
RFID wireless technology is integrated into each training
mode with ID card as the medium, integrating the service
system of the service host and the training needs of the train-
ing customers, so as to realize the real-time feedback analysis
of training information.

3.2. Pneumatic Load Transfer Scheme. The scheme design of
converting air pressure into load-bearing load mainly
includes two aspects: on the one hand, the layout and struc-
ture of air pressure, on the other hand, the design logic of
controlling air pressure, and at the same time, the mechanical
structure of training equipment should be considered com-
prehensively in many aspects. As for the design of air circuit
structure of air pressure perfusion, this research has high

requirements for supplementing and unloading air pressure,
which not only requires the control accuracy of proportional
solenoid valve but also has corresponding requirements for
the design structure of air circuit. After repeated tests, select
the appropriate air pipe diameter and cylinder volume [10,
11]. The structure of pneumatic circuit is shown in Figure 2.

About the air pressure control, the embedded control
system detects and adjusts the simulated load of the training
equipment, that is, the air pressure value in the cylinder.
During training, the sensor detects the air pressure value in
the cylinder in real time and feeds it back to the master con-
trol to make corresponding adjustments. The design of
pneumatic load feedback control of instruments and equip-
ment is shown in Figure 3, forming a closed-loop control.
The execution process of pneumatic load is as follows.

This research adopts the compound control of additional
inverse model feedforward compensation and detecting cur-
rent feedback PWM drive. In the PWM drive of proportional
solenoid valve, in order to meet the control requirements at
the same time, it is necessary to collect the current value on
the coil at all times, and resistance is the simplest and most
effective method, which is actually to adjust the deviation of
the controlled quantity. It obtains the control deviation eðtÞ
according to the present value rðtÞ and the test value cðtÞ:

e tð Þ = r tð Þ − c tð Þ: ð1Þ

Then, taking eðtÞ as the input, the arithmetic unit per-
forms PI and PD control. The output is as follows:

u tð Þ = Kp e tð Þ + 1
Ti

ðt
0
e tð Þdt + Tdde tð Þ

dt

� �
+ u0 1ð Þ: ð2Þ

After conversion,

u tð Þ = Kpe tð Þ + Ki

ðt
0
e τð Þdτ + Kd

d
dt

e tð Þ + u0 1ð Þ, ð3Þ

where at time t, uðtÞ is the actual quantity, eðtÞ is the deviation,
and u0 is the given value. Since STM32 is a digital component
and belongs to discrete control, it should be discretized and
converted into discrete state space expression:

u KTð Þ = Kpe KTð Þ + Ki 〠
k

j=0
e jTð Þ + Kd e KTð Þ − e T k − 1ð Þð Þ½ �:

ð4Þ

In the above formula, KT is the number of time of the col-
lected object, where uðKTÞ is the output value of the time [12],

Ki is the integral coefficient:

Ki =
KpT

Ti
: ð5Þ

Ti is the integral time constant.
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Kd is the differential coefficient:

Kd =
KpTd

T
: ð6Þ

Td is the differential time constant.

In this pneumatic control system, the sampling fre-
quency is jointly determined according to the air path aper-
ture and the response speed of the proportional valve, as well
as the air pressure feedback value in the cylinder, and then
according to the deviation generated in the upper limb train-
ing process, the control quantity is calculated by proportion,
integration, and differentiation for control. As for parameter

Level 1 system
Service host

RIFD tags

Deliver training tasks

Collecting training data

Read/write device Level 2 system
Embedded control
training equipment

Figure 1: System operation structure.

Upper limb traction 
structure

Main control board RelayRelay

Air pressure sensor

CylinderVent solenoid valve Inlet solenoid valve

Vent Manual switch

Storage tanks

Air pump

Figure 2: Pneumatic circuit structure.
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setting, the critical proportional method is better than the
failure curve method according to the control demand. The
air pressure control of the trainer is adjusted at any time
according to the specific requirements of the training equip-
ment in the use process. The general operation flow chart of
the training equipment is shown in Figure 4, and the specific
steps are as follows [13, 14].

The training system has two methods to increase or
decrease the air pressure load of the equipment:

(a) There is a mechanical addition button on the equip-
ment shell to increase or decrease the load manually,
and the size of the increase or decrease load is deter-
mined by the individual’s will

(b) There is a control system that automatically replen-
ishes or releases the load according to the feedback
of the trainers, or when the system self-checks the
equipment, it replenishes the load to reach the ini-
tialization value

3.3. Pneumatic Load Calibration. Due to the difference in the
manufacturing process of the sensor, the air pressure value
may correspond to different voltage values, and the detection
voltage value provided to the main control will also be differ-
ent. In order to ensure that the measured air pressure value
and the detected and collected voltage value correspond cor-
rectly, the air pressure transmitter should be calibrated
before use to determine the compensation, which is the sig-
nificance of calibrating the initial value of the air pressure
sensor. First, set the starting point and any point to deter-
mine the corresponding relationship between voltage and
pressure. We select the initial value and the intermediate
value (roughly determined) as 0MPa and 0.3MPa as the cal-
ibration standards, and set 0MPa as the free state, that is, the
atmospheric pressure. The output voltage of the sensor at
0MPa is a, and the output voltage of the sensor at 0.3MPa

is B [15, 16]. The linear relationship between the collected
voltage value and the detected pressure is as follows:

GasP = GasV ∗
0:3MPa
B − A

: ð7Þ

We set it as gross weight (w), which is the starting
amount. According to physical mechanics, the load corre-
sponding to air pressure is calculated as follows. P is the
pressure in the cylinder, and S is the cross-section of the
movable piston, where K is the weight proportion coefficient
of the load. For this external instrument, that is, the ratio of
the force on the cylinder piston to the force on the grip is
pulled by the training customer. The purpose of adding the
proportion coefficient is to eliminate the adverse effects such
as friction. The weight of the load displayed on the LCD
screen of the instrument is

W = P ∗ S ∗ K +w: ð8Þ

Since the pneumatic simulator is used to load the
machine, the above calculated tension value is the theoretical
tension value FS. Then, we actually test the tension value of
the bracelet grip as FC , and the relationship is shown in
Figure 5 through actual repeated tests.

According to the experimental data, the measured arm
tension FC of the grip has the following relationship with
the actual pressure GasP in the cylinder, where k is the linear
coefficient:

FC = GasP ∗ k + 2:1: ð9Þ

In this paper, the diameters of the two proportional
valves provided by KOFLOC3050 and KOFLOC3040 are
selected, and the proportional solenoid valve is fitted and
tested on the flow hysteresis curve according to the above fit-
ting scheme. Two types of proportional valves were tested

Main control board
Pneumatic sensing detection
Grip displacement detection
Solenoid valve switch
Cylinder pressure
Cylinder piston motion

Read in training parameters
Real-time display of training data

Upper limb training
The guest operating

Figure 3: Pneumatic load control flow chart.
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under 0.1MPa air pressure. The air source was air, the input
voltage was 24V; the operation structure of the controller
and the error parameters were obtained in the actual debug-

ging [17]. Considering that this subject adopts incremental
PID control, the calculation formula is

u kð Þ = u k − 1ð Þ + Δu kð Þ, ð10Þ

Δu kð Þ = Kp e kð Þ − e k − 1ð Þ½ � + KI eð Þ
+ KD e kð Þ − 2e k − 1ð Þ + e k − 2ð Þ½ �:

ð11Þ

The magnitude of Kp directly determines the amplitude
oscillation, and the amplitude oscillation will increase with
the increase of Kp amplitude, but the oscillation frequency
is small, and the system needs more time to achieve stability;
KI determines the action response speed, and KD is used to
eliminate static errors. Variables in the formula are as
follows:

eðkÞ: the error between the air flow through the flow
valve and the theoretical value

eðk − 1Þ: the error value of the previous time
eðK − 2Þ: the error value of the previous sampling time
When jeðkÞj is higher than the amplitude of PWM wave,

the error is too large. At this time, the control quantity is
directly output at the maximum value to reduce the error
to the allowable range as soon as possible, where

Δu kð Þ = Δumax, ð12Þ
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operation
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Figure 4: Operation process of solenoid valve.

0.0 0.1 0.2 0.3 0.4 0.5 0.6

0

5

10

15

20

25

30

35

Te
ns

io
n 

va
lu

e (
Kg

)

Air pressure (MPa)

Theoretical value
Experimental value

Figure 5: Comparison between theoretical tension and measured
tension.

5Computational and Mathematical Methods in Medicine



RE
TR
AC
TE
D

orΔu kð Þ = −Δumax: ð13Þ
At this time, the system is equivalent to implementing

open-loop control. When eðkÞ ⋅ ΔeðkÞ ≥ 0, it means that it
is a positive error at the moment, and the size of the error
cannot be determined. The controller implements control,
taking the absolute value of the reduced error as the control
direction, and the controller output is as follows:

Δu kð Þ = KI

Kp e kð Þ − e k − 1ð Þ½ � + KIe kð Þ
+KD e kð Þ − 2e k − 1ð Þ + e k − 2ð Þ½ �

( )
 KI > 1:

ð14Þ

If jeðkÞj is less than the set error limit, that is, the error is
within the allowable range, there is no need for forced limit
control, and general PID control can be implemented. When
eðkÞ ⋅ ΔeðkÞ < 0 and eðkÞ ⋅ Δeðk − 1Þ > 0, the control reduces
the error to the equilibrium state and keeps the control
unchanged, and the output is ΔuðkÞ = 0. When jeðkÞj is less
than a minimal positive number, the error is very small at
this time. The controller adds integral control to reduce
the steady-state error. The operation formula is proportional
plus integral control:

Δu kð Þ = Kp e kð Þ − e k − 1ð Þ½ � + KIe kð Þ: ð15Þ

When eðkÞ = 0, it is proved that the system is basically
error free at this moment and continues to maintain the cur-
rent control relationship. After the fuzzy PID control process-
ing of the variables by the master controller, the proportional
valve drive circuit is driven by PWM wave, and the amplified
PWM signal is supplied to the proportional valve to control
the flow [18].

4. Comparative Study on Strength Quality
Training of Juvenile Basketball Players

4.1. Research Design

4.1.1. Research Object. In this article, a total of 20 members
of the basketball special class of basketball school are
selected as the experimental objects of this study. All of them
are male teenagers aged 14-16 and have a certain foundation
of professional basketball training. The basic information of
each research object is shown in Table 1, and the basic phys-
ical information is shown in Figure 6.

4.1.2. Experimental Method. The experiment period is from
August 2020 to October 2020, and the training experiment
lasts for 8 weeks. The duration of each experimental training
should be controlled at about 35 minutes. In the training
three times a week, the members of the experimental group
wear pressure bandages for blood flow restriction training,
while the members of the control group do not wear pres-
sure bandages for traditional strength training (before the
training officially begins, all experimental subjects need to
carry out the pretest without blood flow restriction training
device, and after all experiments, the posttest without blood

flow restriction training device is required). Precautions and
screening process before blood flow restriction training are
shown in Figure 7.

Before the blood flow restriction training with a training
load of 40% 1RM, the heart rate of the subjects was relatively
flat, and there was no change in the heart rate after pressur-
ization. After the blood flow restriction training for about 30
minutes, the immediate heart rate among the subjects did
not fluctuate and deviate much, and the rate of heart rate
recovery was basically the same as that of conventional resis-
tance strength training [19].

4.2. Research Results and Analysis

4.2.1. Comparison and Analysis of the Test Results of the
Special Strength Quality of the Subjects before the
Experiment. Before the formal experiment, the original data
of 20 people in the four experimental groups were statisti-
cally analyzed by using the four strength quality indicators
in the youth basketball special strength quality for this
experiment. The mathematical statistics method is used to
carry out the t-test of independent samples, and the one-
way variance homogeneity test and ANVOA difference anal-
ysis are carried out uniformly, so as to ensure the scientificity
and rationality of the selection of experimental objects and
help to ensure the official start of the experiment and the
smooth progress of the whole experimental cycle.

Before the official start of this experiment, four groups of
experimental objects were tested to obtain the results, and
the original data were passed through the one-way variance
homogeneity test in SPSS mathematical statistics and

Table 1: Basic information of experimental objects in basketball
special class of basketball school.

Age Height (cm) Weight (kg) BMI

16 180 75 23.1

16 190 85 23.5

14 179 70 21.8

16 179 72 22.4

15 182 65 19.6

16 174 71 20.9

14 180 76 23.4

14 177 70 22.3

16 176 72 23.2

16 180 68 20.9

16 178 72 22.7

14 186 70 20.2

16 183 77 22.9

16 174 81 23.9

16 185 74 21.6

16 186 83 23.9

16 195 86 22.6

15 182 71 21.4

16 192 82 22.2

14 187 73 20.8
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ANVOA variance analysis to draw the conclusion, as shown
in Table 2. Before the experiment was officially started, there
was no significant difference between the three experimental
groups and the control group in the 3RM test item of free
bench press (f = 0:206, p = 0:891, p > 0:05). In the barbell
free squat 3RM project (f = 0:118, p = 0:948, p > 0:05), there
is no significant difference. In the 3/4 sprint events
(f = 0:717, p = 0:556, p > 0:05), there is no significant differ-
ence. In 17(m)× 15(m) endurance turnaround runs, f =
0:088, p = 2:606, p > 0:05. In the test item of one-step vertical
take-off and height touch on both feet, f = 1:821, p = 0:184.
Among the above five items related to basketball special
strength quality, the p value is greater than 0.05. There is
no significant difference in special strength quality between
the three experimental groups and the control group, and
everyone’s level is relatively similar.

From the data in Table 3, it can be concluded that the
T value of the first group and the second group in the
bench press 3RM test project is 0.188, the p value is
0.855 (p = 0:855), and p is greater than 0.05. There was
no significant difference in the strength quality of bench
press between the first group and the second group. The
value of the independent sample t-test of the subjects of
the first and third groups in the bench press 3RM project
is t = −0:271 and p = 0:794, where p > 0:05, indicating that
there is no significant difference between the two groups.
The comparative analysis between the experimental group
1 and the traditional control group (t = 0:461, p = 0:657,
p > 0:05) shows that there is no significant difference
between the two groups before the official start of the exper-
iment. After comparing the experimental group 2 with the
experimental group 3, the conclusion is drawn as follows:
t = −0:487, p = 0:639, and p > 0:05. There is no significant
difference in the test results between the two groups. The

comparison between the experimental group 2 and the tra-
ditional control group can be drawn as follows: t = 0:318,
p = 0:759, and p > 0:05; there is no significant difference
between the experimental group 2 and the control group.
Finally, the comparison between the experimental group 3
and the control group shows that t = 0:318, p = 0:759,
and p > 0:05. To sum up, experimental group 1, experi-
mental group 2, experimental group 3, and the traditional
control group have independent sample t-test, and the p
value is greater than 0.05, which has no significant differ-
ence. The three groups of the experiment cross compare
with each other, and the p value is also greater than
0.05. It is proved that there is no significant difference
among 20 subjects in total between all groups in the
3RM maximum strength test of bench press before the
start of the experiment, which meets the starting require-
ments of this experiment.

From the data in Table 4, it can be concluded that the t
value of experimental group 1 and experimental group 2 in
the squat 3RM test project is 0.352, p value is 0.734
(p = 0:734), and p is greater than 0.05. There is no significant
difference in the strength quality of bench press between
experimental group 1 and experimental group 2, while the
value of independent sample t-test between experimental
group 1 and experimental group 3 in the squat 3RM project
is t = −0:04 and p = 0:969, where p > 0:05. It shows that there
is no significant difference between the two groups. The
comparison and analysis between the experimental group
and the traditional control group (t = 0:436, p = 0:674, p >
0:05) show that there is no significant difference between
the two groups before the official start of the experiment.
After comparing the experimental group 2 with the experi-
mental group 3, it is concluded that t = −0:399, p = 0:7,
and p > 0:05; there is no significant difference in the test
results between the two groups. Comparing the experimen-
tal group 2 with the traditional control group, it can be con-
cluded that t = 0:67, p = 0:948, and p > 0:05; there is no
significant difference between the experimental group 2
and the control group. Finally, the experimental group 3 is
compared with the control group, and it is concluded that
t = 0:488, p = 0:639, and p > 0:05. To sum up, experimental
group 1, experimental group 2, experimental group 3, and
the traditional control group have independent sample t-
test, and the p value is greater than 0.05, which has no signif-
icant difference. The three groups of the experiment cross
compare with each other, and the p value is also greater than
0.05. It is proved that there is no significant difference
among 20 subjects in total between all groups in the squat
3RM maximum strength test before the start of the experi-
ment, which meets the starting requirements of this experi-
ment [20].

After the 8-week training experiment, the paired sample
t-test in the SPSS statistical software was used to calculate
and compare the test results of the four test indicators
selected from the basketball special strength quality of boys
in the traditional control group before and after the experi-
ment, so as to verify the changes and effects of traditional
special resistance strength training compared with blood
flow restriction training on the basketball special strength
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Figure 6: Basic physical conditions of objects in basketball special
class of basketball school.
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Figure 7: Flow chart of selecting pressure training strategy.

Table 2: One-way ANOVA of special strength indicators of subjects before the experiment.

N = 5 Bench press 3RM (kg) Squat 3RM (kg) 3/4 full court run (s) 17 × 15 running (s) Jump and touch high (cm)

Experiment group 1 53:2 ± 9:31 69:6 ± 8:26 4:08 ± 0:34 74:01 ± 4:89 315:60 ± 7:23
Experiment group 2 52:2 ± 7:36 67:6 ± 9:65 3:82 ± 0:48 66:89 ± 4:01 310:20 ± 7:46
Experimental group 3 54:8 ± 9:39 69:8 ± 7:66 3:91 ± 0:31 72:29 ± 4:91 309:00 ± 9:30
Control group 50:6 ± 8:50 67:2 ± 9:12 3:78 ± 0:26 70:71 ± 2:58 318:00 ± 2:91
p 0.891 0.948 0.556 2.606 1.821

f 0.206 0.118 0.717 0.088 0.184

Table 3: Multiple interactive comparative analysis of bench press items in the special strength of the subjects before the experiment.

Comparison group A Comparison group B
Bench press 3RM mean ±
standard deviation (kg)

t value p value

Experiment group 1 Experiment group 2 53:2 ± 9:31 52:2 ± 7:36 0.188 0.855

Experiment group 1 Experimental group 3 53:2 ± 9:31 54:8 ± 9:39 -0.271 0.794

Experiment group 1 Control group 53:2 ± 9:31 50:6 ± 8:50 0.461 0.657

Experiment group 2 Experimental group 3 52:2 ± 7:36 54:8 ± 9:39 -0.487 0.639

Experiment group 2 Control group 52:2 ± 7:36 50:6 ± 8:50 0.318 0.759

Experimental group 3 Control group 54:8 ± 9:39 50:6 ± 8:50 0.741 0.480

Table 4: Multiple interactive comparative analysis of squat items in the special strength of the subjects before the experiment.

Comparison group A Comparison group B
Squat 3RM mean ± standard

deviation (kg)
t value p value

Experiment group 1 Experiment group 2 69:6 ± 8:26 67:6 ± 9:65 0.352 0.734

Experiment group 1 Experimental group 3 69:6 ± 8:26 69:8 ± 7:66 -0.040 0.969

Experiment group 1 Control group 69:6 ± 8:26 67:2 ± 9:12 0.436 0.674

Experiment group 2 Experimental group 3 67:6 ± 9:65 69:8 ± 7:66 -0.399 0.700

Experiment group 2 Control group 67:6 ± 9:65 67:2 ± 9:12 0.670 0.948

Experimental group 3 Control group 69:8 ± 7:66 67:2 ± 9:12 0.488 0.639
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Table 5.
Moreover, on the premise of not carrying out the train-

ing of wearing compression devices, the effect of the tradi-
tional control group has a large gap compared with the
three experimental groups in terms of the pre- and postcom-
parison results of bench press and squat events. The degree
of improvement of the control group before and after the
training was about 4.8 kg, which was very balanced and reg-
ular. Perhaps because it did not carry out the same heavy
and high-intensity load training as the traditional resistance
strength training, it led to the improvement, but compared
with the three experimental groups of blood flow restriction
training, it did not have satisfactory effect.

4.2.2. Comparative Analysis of the Test Results of the
Maximum Strength Quality in Basketball Special Strength
Quality after the Experiment. After the experiment of blood
flow restriction basketball special strength training three
times a week for eight weeks, a postexperiment test was car-
ried out for a total of 20 subjects in four groups in the exper-
iment after the experiment was completed and the four test
indicators of teenagers’ basketball special strength in the
postexperiment test. In order to further explore the relation-
ship between these indicators among the four groups partic-
ipating in this experimental training, the SPSS statistical
software will be used to conduct one-way ANOVA and inde-
pendent sample t-test on all the original data of the postex-
perimental test, analyze the relationship between the test
data of different strength qualities in different groups, and
analyze and discuss the reasons for the changes of these data.
The specific results are shown in Table 6.

As shown in Table 7, after 8 weeks of blood flow
restriction basketball special strength training, the average
value of the bench press 3RM test of the experimental
group 1 was 65.2 kg, that of the experimental group 2 was
65.7 kg, that of the experimental group 3 was 72.2 kg, and
that of the traditional control group was 55.4 kg. Among
them, experimental group 2 has an advantage of 0.5 kg
compared with experimental group 1, experimental group
3 has an advantage of 7 kg compared with experimental
group 1, and experimental group 2 has a disadvantage of
6.5 kg compared with experimental group 3, while the tra-
ditional control group has a disadvantage of 9.8 kg com-
pared with experimental group 1, 10.3 kg compared with
experimental group 2, and 16.8 kg compared with experi-
mental group 3.

In the one-way variance test results of the 3RM item of
bench press in the relevant special strength quality after

the experiment is completed, f = 6:403. Next, we can see that
the later p value is 0.005, p < 0:01, indicating that there is an
extremely significant difference between the four groups of
bench press after the experiment has trained eight groups.
Next, it can be seen from Table 7 that the p value of the
experimental group 1 and experimental group 2 is 0.855,
and the mean difference is 0.5 kg, indicating that the training
effect of bench press quality in low-intensity compression
group and medium-intensity compression group is roughly
the same after eight weeks of training, and there is no signif-
icant difference. The p value of the first group and the third
group is 0.145, and the mean difference is 7 kg. The mean
difference between the second group and the third group is
6.5 kg. Look back at the mean difference between the first
group and the second group. The test results of the three
groups are compared with each other, which shows that
although the difference between the low-intensity pressure
group and the high-intensity pressure group is still not sig-
nificant, there is a relatively obvious gap compared with
the medium pressure group. It also preliminarily shows that
within the safe and reasonable range of values, with the con-
tinuous increase of the pressure load, the performance of the
recumbent push of the athletes who carry out blood flow
restriction basketball special strength training will also be
improved more significantly.

By analyzing the bench press performance of the three
experimental groups and the traditional control group, the
average difference between the experimental group 1 and
the traditional control group is 9.8 kg, the difference between
the experimental group 2 and the traditional control group is
10.3 kg, and the difference between the experimental group 3
and the traditional control group has reached an amazing
16.8 kg. However, the p values obtained by the experimental
group 2 and the experimental group 3 and the control group
are all less than 0.05, and the p values obtained by the exper-
imental group 3 have been less than 0.01, which is still sig-
nificantly improved compared with the traditional control
group, and the p values also decreased significantly com-
pared with those before the experiment. This shows that
under the same training load, the same interval time
between groups and the same training plan, compared with
the traditional resistance strength training, the blood flow
restriction training has a very obvious improvement and
progress in the strength quality of bench press 3RM of juve-
nile basketball players in basketball school. And under dif-
ferent pressure load conditions, the same training results
will be different. The performance of bench press will
increase with the increasing pressure value, and there is a
positive correlation between the two.

Table 5: Comparative analysis of special strength indicators of traditional control group.

N = 5 Bench press 3RM (kg) Squat 3RM (kg) 3/4 full court run (s) 17 × 15 run (s) Vertical jump height (CM)

Before experiment 50:6 ± 8:50 69:6 ± 8:26 3:782 ± 0:257 70:71 ± 2:58 318:0 ± 2:91
Eight weeks of experiment 55:4 ± 7:34 74:7 ± 6:96 3:678 ± 0:256 69:35 ± 2:04 319:6 ± 2:30
p 0.082 0.058 0.007 0.630 0.016

f -2.311 -2.627 5.039 2.561 -4.000
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5. Conclusion

This paper combines the blood flow restriction training
method with basketball special strength training, in order
to explore the advantages of this training method for young
basketball players’ special strength quality, compared with
the traditional resistance strength training, and the changes
in body shape and function. This paper attempts to provide
some references and suggestions for the training plan of the
combination of the two and the optimization of the pressure
value within the safe range of pressure application. Through
the research, it is found that (1) blood flow restriction train-
ing can effectively improve the special strength quality of
juvenile basketball players in basketball school, and it is the
most significant to improve the maximum strength quality
and strength endurance quality, which is significantly better
than the control group. Although the speed strength and
explosive force quality have been improved, the effect is
not obvious, and the explosive force quality effect of the high
pressure load group is less than that of the control group; (2)
blood flow restriction training can effectively improve the
cardiopulmonary function of juvenile basketball players.
The heart rate decreased in quiet state, and the rate of heart
rate returning to calm increased after exercise, indicating
that blood flow restriction training enhanced the pumping
function of the heart and indirectly improved the adaptabil-
ity of muscles to high load intensity training; (3) through the
test, it is found that the experimental group has a significant
effect on the improvement of maximum strength no matter
whether it compares itself before and after or with the con-
trol group. For strength endurance, explosive force, and
speed force, the greater the pressure load, the better the
effect. It shows that within the scientific and safe pressure
range, the greater the pressure on the body, the better the
training effect. Appropriate pressure value and interval time,
as well as more targeted training programs, can achieve

twice the result with half the effort compared with tradi-
tional resistance strength training.

Of course, it is necessary to make necessary preparations
before trying blood flow restriction training. Before training,
fully prepare for the preparatory activities and special warm-
up exercises, and then carry out the adaptive activities of
blood flow restriction training, and timely report to the
coach whether the blood flow restriction training device is
suitable and stable, as well as whether the physical condition
of the experimental object is uncomfortable in the process of
gradually increasing pressure. It is suggested that the team
members who first try blood flow restriction training should
be equipped with team doctors for real-time monitoring and
risk and safety assessment, so as to ensure the health of the
team members and prevent accidents. After blood flow
restriction training, the pressure band must be removed as
soon as possible with the guidance and help of the coach
and team doctor. It is recommended to use various physical
means to relax and stretch after strength training after the
blood pressure and heart rate return to the normal range.
To prevent excessive lactic acid accumulation and fascia
adhesion, which will affect the training effect, it is suggested
to carry out comparative training according to the flow chart
of blood flow restriction training safety strategy, so as to
ensure the scientific and safe training content.
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Table 6: One-way ANOVA of the 3RM test results of bench press in basketball special strength quality after the experiment.

Control group (N = 5) Mean ± standard deviation (kg) Homogeneity test f value p value

Experiment group 1 65:2 ± 5:76
Experiment group 2 65:7 ± 1:39 0.600 6.403 0.005

Experiment group 3 65:7 ± 1:39
Traditional control group 55:4 ± 7:34

Table 7: Independent sample t-test analysis table of 3RM test results of bench press in basketball special strength quality after the
experiment.

Group A Group B Mean difference t value p value

Experiment group 1 Experiment group 2 -0.5 -0.189 0.855

Experiment group 1 Experimental group 3 -7.0 -1.614 0.145

Experiment group 1 Traditional control group 9.8 2.348 0.470

Experiment group 2 Experiment group 3 -6.5 -1.834 0.104

Experiment group 2 Traditional control group 10.3 3.081 0.015

Experiment group 3 Traditional control group 16.8 3.507 0.008
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