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Osteoporosis is characterized by low bone mineral density leading to enhanced bone fragility and a consequent increase in fracture
risk. The focus of this case-control study was to identify significant socioeconomic risk factors of osteoporosis in Pakistani women
and examine how the risk increases for different levels of risk factors. A case-control study was conducted from November 2018 to
August 2019 in two main hospitals in Faisalabad, Pakistan. Multiple logistic regression was used to explore the significant risk
factors of osteoporosis and how the risk increases in cases (cases = 120) as compared to the control group (controls = 120) in the
presence of these risk factors. The mean age + standard deviation for cases and controls was 59.62 + 10.75 and 54.27 + 10.09,
respectively. The minimum and maximum ages were 36 and 80 years, respectively. In addition to age, bone fracture, family history,
regular physical activity, family size, use of meat, type of birth, breastfeeding, premature menopause, loss of appetite, and use of
anticoagulants were significant risk factors with p-values less than 0.05. The risk prediction model with significant risk factors was
a good fit with a p-value of 0.28, corresponding to the Hosmer-Lemeshow test value (y2 =9.78). This parsimonious model with
Cox-Snell R2=0.50 (with a maximum value =0.75) and Nagelkerke R2 =0.66 showed an AUC of 0.924 as compared to the full
model with all risk factors under study that exhibited an AUC of 0.949.

1. Introduction to an estimate of the WHO [1], osteoporosis causes more

than 8.9 million fractures annually worldwide. The estimated
Osteoporosis is not only the prime root of fractures, but it  number of fractures in Pakistan due to osteoporosis is 9.91
also files a high rank among abnormalities that cause people ~ million (7.19 million in women and 2.71 million in men),
dependent and bedridden with serious issues [1]. According ~ which is expected to rise to 11.3 million in 2020 and 12.91
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million in 2050 [2]. In the last twenty years, the life ex-
pectancy at birth in Pakistan has increased by 5.5 years,
which is also the reason for the increase in the population
suffering from osteoporosis [3, 4]. Osteoporosis is a silent
disease, and there are often no symptoms until the first
fracture occurs [5]. Fracture is the most significant health
issue of osteoporosis. Bones with normal bone mass have a
dense matrix of bone cells, whereas osteoporotic bone
dissolves and is left with thin strands, resulting in an increase
in bone fragility and leading to fracture [6].

Osteoporotic fractures are the leading cause of morbidity
and mortality after being discharged from a hospital [1]. The
main osteoporosis fractures are hip, forearm, wrist, spine,
and proximal humerus fractures [1]. The osteoporotic
fractures are expected to touch a figure of 11.3 million in
2020 and 12.91 million in 2050 [7]. According to Sozen et al.
[8], osteoporotic fractures not only cause 15-20% increase
death rates per year but also cause social segregation, re-
cession, and require long-term care. The age-specific hip
fractures in men are half than those in women in most
communities [5].

Most of the studies uncover that the process of osteo-
porosis hastes after menopause in women due to low es-
trogen levels [9-11]. According to Thulkar and Singh [9], the
rate of bone loss due to menopause is 2-5% per year.
Different studies revealed that older age is a prime factor of
fragile bone [11, 12]. Females are more prone to osteoporotic
fractures than are males worldwide [13]. Females with a
positive family history of osteoporosis and those who are
using steroids or medications for chronic diseases are more
exposed to the disease. However, the use of calcium sup-
plements and hormone replacement therapy can be taken as
preventive and protective measures [14]. Barret-Connor
et al. [15] reported low bone mineral density (BMD) among
Asian women compared to other ethnic groups around the
globe. Mithal and Kaur [7] predicted that, by 2050, half of
the global osteoporotic fractures will be in the Asian pop-
ulation. In consonance with various epidemiological pre-
dictions, until 2050, over 70% of all osteoporotic fractures
will occur in specific regions of the world including Asia, the
Middle East, and Latin America [16]. According to [17, 18],
for every osteoporotic man, four women are suffering from
osteoporosis. According to Hafeez et al. [13], women from
the Indian subcontinent are at a high risk of facing osteo-
porosis compared to the Caucasian race.

Osteoporosis has not been taken seriously in developing
countries, especially in Pakistan. In Asia generally, and in
Pakistan specifically, there is a lack of medical facilities and
equipment to diagnose osteoporosis and its treatment. The
rural population of Pakistan has very little knowledge about
dietetics and bone density [10]. In a study in the most
populated city, i.e., Karachi of Pakistan, Habib et al. [19]
reported a 16.4% prevalence of the disease. It is a dilemma
that statistics about the prevalence of osteoporosis and
osteoporotic fractures are scarce in Pakistan [13, 19, 20].
Even this disease has not been taken seriously by a common
person due to many reasons, e.g., poor literacy rates, lack of
awareness about the disease and nutritional imbalance, and
considering osteoporosis as the disease of old age and
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developed states [7, 19, 21]. There is no database or statistics
available at the government level about this disease. For
research, we are still relying on the western literature about
osteoporosis and its diagnosis, cutoff values, and associated
risk factors. In addition, rare Pakistani studies are available
in the literature that are based on primary data collected
from some small-scale studies. Faisalabad is the third largest
and the most populated and major industrial city of Paki-
stan. To the best of our knowledge, no study is available in
this region to investigate the prevalence of osteoporosis and
the risk factors associated with it. This study is an effort to fill
this gap. The main intent of this paper is to identify sig-
nificant socioeconomic risk factors of osteoporosis in
Pakistani women and examine how the risk increases for
different levels of risk factors in females of age groups of 30
years or more.

2. Materials and Methods

2.1. Study Area. Faisalabad is a major industrial city of
Pakistan located in the center of the most populous province
of Pakistan, i.e., Punjab. It is the third biggest city in Pakistan
with respect to size and population. The study was con-
ducted in the two main teaching hospitals of Faisalabad, i.e.,
District Head Quarter (DHQ) Hospital and Allied Hospital.

2.2. Study Design. The study was a case-control study with a
1:1 case-control ratio, and convenient sampling was con-
sidered to collect the information from cases and controls.

2.3. Duration of the Study and Data. The case-control study
was completed in the two teaching hospitals; District Head
Quarter (DHQ) Hospital and Allied Hospital, Faisalabad.
These two hospitals not only cover the population of Fai-
salabad city but also manage the patients of the whole
Faisalabad division due to the available medical facilities.
The study was completed from October 2018-August 2019.

2.4. Inclusion Criteria. Females of age >30 years were
considered for the study. We considered this age because
peak bone mass occurs around the age of 30 years and
reduction starts from 40 years of age [22]. Osteoporotic
patients were decided based on digital X-ray radio-
grammetry. Females having a Metacarpal Index (MCI) value
less than 0.4 were considered osteoporotic, whereas an index
value higher than 0.6 was considered for the control group
[23].

2.5. Sampling Technique and Sample Size. Nagi et al. [24]
reported that there are 9.9 million people in Pakistan who
are osteoporosis sufferers, among which 7.2 million are
women. We used the WHO calculator [25] to obtain the
sample size. The estimated sample size with a 95% confi-
dence interval and a 6% margin of error was 240 witha 1:1
case-control ratio. We used the convenience sampling
technique to select 120 cases, i.e., premenopausal and
postmenopausal females with age >30 years who were
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suffering from osteoporosis and 120 controls, i.e., females
who were not osteoporosis sufferers.

2.6. Risk Factors. In the literature, different researchers have
used  different risk factors in  their  studies
[2, 6, 10-16, 19-21]. We tried to consider all of them to
investigate how each risk factor increases the risk in oste-
oporotic females compared to nonsufferers in the presence
of other factors. The information about different demo-
graphic and socioeconomic risk factors was collected
through structured questionnaires with the prior consent of
the subjects. Information about the following possible risk
factors was collected: age, BMI, locality, education, aware-
ness about the disease, regular physical activity, exposure to
sunlight, reproductive history, gynaecological status, and
loss of weight. Others were intake of calcium through
natural sources and supplements, use of proteins, history of
fracture, family history of osteoporosis, number and kind of
births, monthly household income, ownership of the house,
and use of anticoagulants.

2.7. Ethical Issues. The study was conducted after the ap-
proval of the Ethical Review Committee of Govt. College
University Faisalabad. The same approval was taken from
both hospitals where the study was conducted. The re-
spondents were informed about the study and its objectives
before their interview. After knowing about the study, the
respondents who agreed to be a part of the study were
included in the research.

2.8. Statistical Techniques. Both descriptive and inferential
analyses were employed in this study. The inferential ana-
lyses were used in drawing the significance of risk factors and
the selection of a risk prediction model. Descriptive statistics
were considered for continuous demographic and socio-
economic risk factors in terms of mean and standard de-
viation, whereas frequencies and percentages were
considered for qualitative factors. To explore significant risk
factors, a logistic regression model was fitted for a dichot-
omous response mentioning whether a subject is osteopo-
rotic or not. The odds ratios and their confidence intervals
were computed for comparing the relative odds of osteo-
porosis in the presence of a given risk factor. The multiple
logistic regression model with p risk factors (predictors) X,

X5, ..., X,, without interaction terms, is defined as
. 7 (x)
logit[r(x)] = log[l——n(x)] =By + P X+ B Xy

(1)

where f’s are the regression coefficients of predictors. The
statistical programming language R was used to fit the lo-
gistic regression model, test the significance of parameter
estimates, and compute the odds ratios and their corre-
sponding confidence intervals. The significance of parameter
estimates associated with different risk factors was tested
using the Wald test. The goodness of fit for the risk pre-
diction model was confirmed using the Hosmer-Lemeshow

test [26]. Additionally, Cox-Snell R? [27] and its adjusted
version, that is, Nagelkerke R? [28], were computed to study
the variation in the response variable explained by the
model. The usual R* in case of linear regression is also a
special case of Cox-Snell R%. Usual R* has a maximum value
of 1, but for Cox-Snell R? it is less than one. However,
Nagelkerke R has an upper bound of 1 just like the case with
linear models.

3. Results

Our focus was on females with age >30 because they are
more exposed to this disease than males [13, 17, 18]. The
average age of the whole sample was 56.95 years (54.27 years
for cases and 59.62 years for the control group) with a
standard deviation of 10.74 years (6.64 and 5.78 years for
cases and controls, respectively). The mean+SD of the
family size was 6.68 + 2.62 and 6.87 + 3.45 for the control and
patient groups, respectively. The average BMI (body mass
index) was little higher in cases (30.95) than in controls
(28.10), whereas the average age at menarche was almost the
same in both groups, with an average of 14.25 years in the
whole sample (Table 1).

The percentage of literate patients and those who have
awareness about the disease was low, i.e., 25% and 5%,
respectively. The incidence of bone fracture is 35% higher in
cases than that in the control group. Among the osteoporotic
females considered in our study, 43 were admitted to the
hospital for hip fracture surgery, 16 for tibial fracture, and
four for some other fracture surgery. Fifty-seven cases had
no fracture. In the control group, one woman was admitted
to the hospital for hip fracture surgery, six for tibial fracture,
fourteen for some other fracture surgery, and 99 had no
fracture. Only 13% of cases had a family history of the
disease. Fewer patients (14%) were observed to be involved
in regular physical activity compared to nonsufferers (64%).
The percentage of patients who do not drink milk at least
once a week is 19% more than that in the control group. The
frequency of eating meat at least once a week was 21% higher
in the control group than that in the patient group. In our
sample, more than 80% of women had natural delivery in
cases and controls as well. There are 90% of women in both
groups who fed their children before suffering from the
disease. Normal menopause, normal menstrual flow, and
4-7 days of a menstrual cycle were observed in most women
in both groups. Most women were not using any calcium
supplements. Compared to healthy women (26%), a high
percentage (80%) of females suffering from osteoporosis
complained of the loss of weight. Half of the patients re-
ported poor appetite (Table 1).

The significant risk factors were age, bone fracture,
family history of the disease, daily physical activity, number
of family members living in a house, frequency of eating
meat, kind of delivery, breastfeeding, menopausal status,
appetite, and use of anticoagulants. The results showed that a
one-year increase in age may cause a 10% increase in the
odds of being osteoporotic. In the case of bone fractures, the
odds of disease are 3.5 times higher than those who have not
got a fracture. Chances increase 36 times to be a patient of
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TaBLE 1: Frequencies and percentages of categorical risk factors.
Variable Categories Control % age Case % age Variable Categories Control % age Case % age
Locality Urban 59 49.17 65 5417 Delivery kind None 5 417 10 833
Rural 61 50.83 55 4583 Normal 104 86.67 100 83.33
Literacy Illiterate 73 60.83 90 75 Major 11 917 10 833
Literate 47 39.17 30 25 Feeding as a mother No 13 10.83 12 10
Awareness No 108 90 114 95 Yes 107 89.17 108 90
Yes 12 10 6 5 Feeding as a patient No 9 7.5 2 1.67
Symptoms Tiredness 29 2417 41 3417 Yes 111 92.5 118 98.33
Body pain 91 7583 79  65.83 Menopause status Normal 106 8833 94 7833
Fracture No 99 825 57 475 Abnormal 14 11.67 26  21.67
Yes 21 175 63 525 Menstruation frequency High 20 16.67 28  23.33
Fracture history No 110 91.67 92  76.67 Normal 100 8333 92  76.67
Yes 10 8.33 28  23.33 Menstruation duration  4-7 days 117 97.5 110 91.67
Family history No 117 97.5 104 86.67 >8 days 3 2.5 10 8.33
Yes 3 2.5 16  13.33 Menstruation regularity Irregular 2 1.67 6 5
Physical activity No 43 3583 103 85.83 Regular 118 9833 114 95
Yes 77 64.17 17 1417 Regular calcium intake No 100  83.33 106 8833
Sun exposure No 22 18.33 38  31.67 Yes 20 16.67 14 11.67
Yes 98 81.67 82 68.33 Appetite Poor 17 1417 58 4833
Calcium in preg No 100 83.33 111 925 Normal 103 8583 62 51.67
Yes 20 16.67 9 7.5 Abdomen system Abnormal 23 1917 56  46.67
House owned Rented 14 11.67 16  13.33 Normal 97 80.83 64 53.33
Owned 106 88.33 104 86.67 Sleep disturbance No 91 7583 42 35
Milk 0 56 46.67 78 65 Yes 29 2417 78 65
>=1 64 5333 42 35 Mental stress No 101 84.17 55 45.83
Meat None 8 6.67 20 16.67 Yes 19 1583 65 54.17
Red 30 25 21 17.5 Comorbidity No 93 77.5 26 21.67
White + red 82 68.33 79 6583 Yes 27 22.5 94 7833
Meat frequency 0 47 3917 73 60.83 Anticoagulants No 118 9833 102 85
>=1 73 60.83 47 3917 Yes 2 1.67 18 15
Eggs/week 0 66 55 90 75 Marital status Married 100 8333 67 55.83
>=1 54 45 30 25 Widow 20 16.67 53  44.17

osteoporosis in the case of having a history in the family. The
number of persons living in a house is also identified as a
significant risk factor, with 24% higher odds for an increase
of one member in the same size of the house. The occasional
use of meat was not found to be a significant risk factor, but
the frequent use of meat (at least once a week) decreases the
chances of osteoporosis. The person who eats meat at least
once a week is 76% safer than that person who is the oc-
casional consumer of meat. Since the duration of breast-
feeding is correlated with the number of births, the results
showed that an increased number of births and consequently
breastfeeding increase the risk a lot. According to our study,
awoman who has fed in the past is seven times more exposed
to the disease. The risk in the mothers who were feeding
during our study, i.e., feeding as a patient, possessed 120
times more risk than those females who did not feed as a
patient. Abnormal menopause in females may also increase
the risk of osteoporosis eight times. The results of the study
reflected that the chances of suffering from the disease are
91% higher in females who have an issue of loss of appetite.
Anticoagulants users are also observed twenty times more
exposed to the disease than nonusers. The parameter esti-
mates, their standard errors, Wald-test statistic value, odds
ratio, and its 95% confidence interval are given in Table 2. A
risk prediction model with significant risk factors was fitted,
and the goodness of fit of that model was tested with the

Hosmer-Lemeshow test [26]. The test showed that the fitted
model is a good fit with a p value of 0.28 for the test-statistic
value of y2=9.78. The values of different pseudo-R* were
computed for different possible models with available risk
factors. The model with significant risk factors showed
Cox-Snell’s R?* [27] value of 0.50 corresponding to a
maximum value of 0.75. Another pseudo measure of R* is
Nagelkerke/Crag and Uhler’s R* [28], which is an adjusted
version of Cox-Snell R* with a maximum value of 1. This
pseudo measure resulted in a value of 0.66.

These measures were better than all possible models
fitted with the risk factors under study except the model with
all risk factors. These measures were better than all possible
models fitted with the risk factors under study except the
model with all risk factors. Although the model with all risk
factors showed little improvement in the pseudo-R* values
(Cox-Snell R2=10.55 and Nagelkerke R2=0.73), but at the
same time, most of the factors in this model were
insignificant.

The ROC curve (receiver operating characteristic curve)
describing the trade-off between sensitivity (true positive
rate) and 1-specificity (false positive rate) for the models
with all risk factors and significant risk factors is shown in
Figure 1. Both curves show that the performance of a
parsimonious model with significant risk factors is as good
as for the overall model. The area under the curve (AUC) is
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TaBLE 2: Parameter estimates and the Wald statistic value along with their p values. Odds ratios (ORs) and their corresponding 95%

confidence intervals (CIs) are in the last two columns.

Estimate Wald Z p value OR 95% CI of OR
Age 0.09 2.54 0.01* 1.10 (1.02, 1.18)
Locality (rural) -1.10 -1.90 0.06 0.33 (0.11, 1.04)
BMI -0.07 -1.59 0.11 0.93 (0.86, 1.02)
Literacy (literate) -1.02 -1.52 0.13 0.36 (0.10, 1.34)
Awareness (yes) -0.08 -0.08 0.94 0.92 (0.12, 7.22)
Symptoms (body pain) -0.19 -0.30 0.77 0.83 (0.24, 2.84)
Fracture (yes) 1.27 1.98 0.047* 3.55 (1.02, 12.38)
Fracture history (yes) 0.09 0.13 0.90 1.10 (0.28, 4.27)
Family history (yes) 3.59 291 <0.01* 36.3 (3.23, 408.55)
Physical activities (yes) -2.67 —4.45 <0.01* 0.07 (0.02, 0.22)
Sun exposure (yes) -0.32 -0.50 0.62 0.73 (0.21, 2.54)
Family size 0.21 2.19 0.03* 1.24 (1.02, 1.49)
House (owned) 0.03 0.04 0.97 1.03 (0.19, 5.53)
Milk frequency per week (>=1) 0.19 0.35 0.73 1.21 (0.41, 3.54)
Meat (red) -0.22 -0.26 0.80 0.80 (0.15, 4.41)
(Red + white) 0.73 0.88 0.38 2.07 (0.41, 10.49)
Eating meat per week (>=1) -1.43 —2.48 0.01* 0.24 (0.08, 0.74)
Eating eggs per week (>=1) -0.64 -1.29 0.20 0.53 (0.20, 1.40)
Marital status (widow) -0.38 -0.59 0.55 0.69 (0.20, 2.38)
No. of children -0.21 —1.58 0.11 0.81 (0.63, 1.05)
Calcium supp. during pregnancy (yes) 0.72 0.89 0.37 2.04 (0.42, 9.92)
Delivery kind (normal) -4.35 -2.27 0.02* 0.01 (0.00, 0.55)
(Operate) -285 ~1.50 0.13 0.06 (0.00, 2.42)
Breastfeeding in past 1.96 1.61 0.11 7.12 (0.65, 77.73)
Currently breastfeeding 4.79 2.16 0.03* 120.16 (1.56, 9277.49)
Menopausal status (abnormal) 2.11 2.87 <0.01* 8.28 (1.95, 35.14)
Age at menarche 0.38 1.60 0.11 1.47 (0.92, 2.35)
Menstrual flow (normal) -0.49 -0.64 0.52 0.61 (0.14, 2.74)
Menstrual cycle (>=28 days) -0.15 -0.11 0.91 0.86 (0.05, 13.85)
Menstrual cycle repeat (regular) -0.93 -0.59 0.55 0.40 (0.02, 8.39)
Cal. supplement >=1 time/week (yes) 0.30 0.41 0.68 1.35 (0.32, 5.75)
Appetite (normal) -2.42 —-4.02 <0.01% 0.09 (0.03, 0.29)
Anticoagulants use (yes) 3.01 2.54 0.01* 20.31 (1.98, 208.17)

*Significant at the 5% level of significance.

approximately the same for both models. The calibration
curve in Figure 1 also reflects that a parsimonious model
with significant risk factors can be a good choice as an al-
ternative to a rich model with a large number of possible risk
factors.

4. Discussion

In our study, prevalence of osteoporosis was observed to
increase with growing age, especially starting from the age of
40 years, which is in accordance with different other studies
[29-31]. Age was found to be a significant factor causing
osteoporosis similar to the findings in [12, 14, 16, 19, 24,
32-34]. However, according to [35], age was not a significant
factor causing osteoporosis. The BMI did not show a sig-
nificant effect in predicting osteoporosis in our study. The
BMI was also not significant in other studies, where height
and weight were significant at the same time
[12, 13, 32, 36, 37]. In a systematic evaluation, the authors of
[38] explored that birth weight has a negative association
with BMD and a positive association with fracture risk. A
family history of osteoporosis and malnourishment has also
been found to be the cause of low BMD [39]. The history of

fractures can be helpful to identify the presence of osteo-
porosis, as identified by [2, 40]. The results of [41, 42] about
the significance of exercise/involvement in physical activities
match our findings. The number of parity that we considered
in this study as the family size also appeared as a significant
risk factor [16, 32, 34, 40]. We found that, with an increasing
number in parity, the risk of osteoporosis also increases.
Also, the kind of delivery that is normal or operated, as
compared to those females who had zero parity or gravidity,
has an impact on the risk of osteoporosis. Different studies
[16, 32, 41] are available in the support of our finding that
breastfeeding also significantly increases the risk of osteo-
porosis. According to our investigation, low appetite can
also be a significant factor for identifying the osteoporosis
patient. The use of anticoagulants may also significantly
increase the risk of osteoporosis. Naz et al. [32] found that
diabetes can increase the risk of being osteoporotic, but in
our study, comorbidity was not a significant risk factor. Our
finding about the significance of abnormal menopause was
also consistent with other studies [2, 16, 40]. Fatima et al.
[40] in their research found the ownership of the house as a
significant risk factor, but in our study, neither this factor
nor the income level was found to be a significant risk factor.
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Figure 1: ROC curve (a) and calibration curves (b) for the overall model and parsimonious model with significant risk factors.

In some studies [33, 41], the use of calcium supplements has
been found to be a significant factor, but in our study, this
was not the case.

5. Conclusion

This study was an attempt to address the neglected medical
problem of osteoporosis in females and the risk factors
associated with it in Pakistan. To cope with this growing
issue, we need (i) diagnostic facilities, e.g., DEXA scan or
QUS, i.e., quantitative ultrasound, (ii) population-based
studies at the government level and some health programs at
the national level focusing on this disease, and (iii)
awareness and education among people about osteoporosis,
its diagnosis, treatment, and adoption of possible changed
lifestyles for this disease.
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Objective. To analyze the intestinal microbiota and H2S levels in patients with HT. Methods. Twenty euthyroid HT patients and twenty
healthy control individuals were recruited. Fecal samples were collected, and the microbiota was examined using 16S RNA gene se-
quencing. We also collected serum samples to examine the H2S levels. Results. Compared with patients with HT, the ACE and Chao
indices were significantly lower in healthy controls (P = 0.04, 0.03, respectively). The microbial composition of the HT group differed
significantly from that of the healthy group. We observed a significant increase in the proportions of Bacteroides, Fusobacterium, Sutterella,
and Veillonella in patients with HT (P < 0.05). Linear discriminant analysis and effect size analysis also revealed that Bacteroides and
Ralstonia were enriched in patients with HT. Additionally, patients with HT had significantly lower H2S levels than healthy controls
(P <0.005). The enrichment of H2S anabolism was linked to the alteration of intestinal microbiota in patients with HT. Conclusion. We
demonstrated that patients with HT have aberrant intestinal microbiome and that H2S anabolism may contribute to HT pathogenesis.

1. Introduction

Hashimoto’s thyroiditis (HT) is the chronic inflammation of
the thyroid gland and is considered the most common
autoimmune disease worldwide [1]. Clinically, HT is fre-
quently asymptomatic. With the destruction of thyroid cells,
patients with HT may develop subclinical or even overt
hypothyroidism.

HT is related to an interaction of genetic elements, en-
vironmental factors, and epigenetic influences [2]. Dysbiosis
of intestinal microbiota can trigger several immune disorders
that are adjacent to or distant from the site of their induction
[3]. Intestinal microbiota has also been considered to be
involved in the pathogenesis of HT. In recent years, several
studies have described the alteration of intestinal microbiota
in patients with HT [4-8]. Emerging evidence has revealed
that the dysbiosis of the intestinal microbiota is associated
with the pathogenesis of Hashimoto’s thyroiditis (HT).

Hydrogen sulfide (H2S) is a metabolite of the intestinal
microbiota that can regulate the viability and function of
immune cells. However, the link between H2S and HT re-
mains unclear. Changes in microbiota-derived metabolites,
such as bile acids and short-chain fatty acids, also have
regulatory effects on immune function. These changes in the
corresponding metabolites can induce local or systemic in-
flammation [9]. Therefore, we further speculated that the
levels of metabolites of the intestinal microbiota were different
between patients with HT and healthy controls and that they
may participate in the pathogenesis of HT.

Hydrogen sulfide (H2S), an endogenous product of
bacteria and mammals, is the third gasotransmitter (along
with nitric oxide and carbon monoxide) [10]. H2S can
regulate the viability and function of immune cells.
Downregulation of H2S leads to the development or worsens
the severity of various immune-mediated diseases, including
autoimmune rheumatoid arthritis and asthma [11, 12].
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However, the relationship between H2S and HT remains
unclear. H2S can also be produced by bacteria in the in-
testine. Depending on the microorganism, the production of
H2S occurs in two ways: assimilatory sulfate reduction
(ASR) and dissimilatory sulfate reduction (DSR). The only
the terminal product of DSR is H2S [13]. Various gastro-
intestinal bacteria, especially sulfate-reducing bacteria
(SRB), can produce exogenous H2S and regulate host H2S
bioavailability and metabolism, consequently regulating
physiological responses, such as epithelial cell health and
inflammation [14]. Therefore, we speculated that the aber-
rant intestinal microbiota may downregulate the metabolism
of H2S, which impairs immunoregulation and promotes the
pathogenesis of HT.

In this study, we explored the differences in intestinal
microbiome composition and serum H2S levels between
patients with HT'and healthy controls. We also analyzed H2S
metabolism in the intestinal microbiota of patients with HT
and healthy controls.

2. Materials and Methods

2.1. Patients and Samples. Twenty untreated euthyroid HT
patients (19 females and one male), with an average age of
35.4+9.4 years, were recruited from the Department of En-
docrinology at the Peking University First Hospital from
August 2020 to October 2021. The diagnosis of HT was defined
as follows [15]: (1) highly elevated serum thyroid peroxidase
antibody (TPOAb) and/or thyroglobulin antibody (TgAb) and
(2) diftuse thyroid morphological features on an ultrasound
examination. Twenty healthy volunteers (19 females and one
male) with an average age of 33.9 + 8.3 years old were recruited
as controls. All controls were free of thyroid diseases based on
an ultrasound examination and had no history or family
history of thyroid diseases. These controls were euthyroid and
negative for thyroid autoantibodies. All subjects with other
autoimmune diseases or diseases that affected the intestinal
microbiota based on the literature were excluded. Subjects
treated with antibiotics, proton pump inhibitors, probiotics, or
laxatives in the month before fecal sample collection were also
excluded. Venous blood and fecal samples were collected from
all subjects in the morning and stored at —80°C until use. This
study was approved by the Ethics Committee of Peking
University First Hospital (No. 2020-089) and conducted in
accordance with the guidelines provided by the World Medical
Association and the Helsinki Declaration. Informed consent
was obtained from all the study subjects.

2.2. DNA Extraction from Human Fecal Samples. Total ge-
nomic DNA was extracted from human fecal samples using
the CTAB/SDS method. The DNA concentration and purity
were evaluated on a 1% agarose gel.

2.3. Polymerase Chain Reaction (PCR) Amplification. The
V3-V4 hypervariable region of the 16S rRNA gene was
amplified using the primers 515F (5'-GTG CCA GCM GCC
GCG GTA A-3') and 806R (5'-GGA CTA CHV GGG TWT
CTA AT-3'). PCR reactions were conducted using Phusion®
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High-Fidelity PCR Master Mix (New England Biolabs). The
PCR products were mixed in equidensity ratios and were
agarose gel purified using the Qiagen Gel Extraction Kit
(Qiagen, Germany).

2.4. Library Preparation and Sequencing. Sequencing li-
braries were generated using the TruSeq® DNA PCR-Free
Sample Preparation Kit (Illumina, USA) following the
manufacturer’s recommendations, and index codes were
added. Library quality was assessed using a Qubit® 2.0
Fluorometer (Thermo Scientific) and Agilent Bioanalyzer
2100 system. Finally, the library was sequenced on an
Mlumina NovaSeq 6000 platform, and 250bp paired-end
reads were generated.

2.5. Microbial Analysis. Paired-end reads were merged using
overlapping sequences. Sequences were optimized by filtering
and quality control. Operational taxonomic units (OTUs) were
clustered using a 97% similarity cutoff with USEARCH
(Version 11.0.667, https://www.drive5.com/usearch/), and
chimeric sequences were identified and removed. The taxon-
omy of each sequence was annotated using the RDP Classifier
(Release 11.1, https://rdp.cme.msu.edu/) in conjunction with
the Silva database with a confidence threshold of 0.8. The «
diversity was analyzed based on species richness at the OTU
level, including the Chao, Shannon, ACE, and Simpson indices.
Principal coordinate analysis (PCoA) based on Bray-Curtis
dissimilarity was used to analyze structural differences between
the samples using f§ diversity. Linear discriminant analysis
effect size (LEfSe) was conducted using a linear discriminant
analysis (LDA)>4 to detect potential bacterial biomarkers.
Statistical significance was set at P < 0.05.

PICRUSt software was used to predict the functional
genes in the sequencing results, and functional classification
was performed according to the Kyoto Encyclopedia of
Genes and Genome (KEGG) database. We then analyzed the
differences in the abundance of the two main metabolic
pathways for H2S synthesis: M00176 (assimilating sulfate
reduction pathway) and M00596 (dissimilatory sulfate re-
duction pathway).

2.6. Measurement of Serum H2S Levels by H2S Selective Sensor.
H2S levels in serum samples were measured using the free
radical analyzer TBR4100 with an H2S selective sensor (ISO-
H2S-100, WPI, China), as previously described [16].

2.7. Statistical Analysis. GraphPad Prism (version 9.3.1) and
R language 3.6.1 were used to process data, which are reported
as mean + standard deviation (SD). Student’s t-test was used
to compare the two groups. The Wilcoxon rank sum test was
used to analyze the differences of the diversity index,
microbiota abundance, and H2S metabolism pathway
abundance between the two groups. Bivariate relationships
were performed with a Pearson or Spearman rank correlation
model. The Kruskal-Wallis rank sum test was used with LEfSe
analysis. A P value <0.05 was considered significant.
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3. Results

3.1. Intestinal Microbiota Diversity and Composition in Pa-
tients with HT and Healthy Controls. Compared with the HT
group, the ACE and Chao indices, which reflect abundance,
were significantly lower in healthy controls (P =0.04, 0.03,
respectively) (Figures 1(a) and 1(b)). We analyzed f§ di-
versity using Bray-Curtis principal coordinate analysis
(Bray-Curtis PCoA). The results showed that the microbial
composition of the HT group was significantly different
from the healthy controls (Figure 1(e)). We determined the
taxon composition of these two groups and sequenced 32
phyla and 596 genera. At the phylum level, the proportions
of Bacteroidetes, Fusobacteria, and Tenericutes in patients
with HT were significantly higher than those in healthy
controls, and the proportion of Firmicutes in patients with
HT was significantly lower (P < 0.05). At the genus level, the
proportions of Bacteroides, Fusobacterium, Sutterella, and
Veillonella in patients were significantly higher, and the
proportions of Blautia, Lachnoclostridum, and Roseburia in
patients were significantly lower (P <0.05). (Figures 2(a)
and 2(b)). We also identified specific bacterial taxa asso-
ciated with the two groups using LEfSe analysis (linear
discriminant analysis (LDA) >4.0, all P<0.05). At the
genus level, Bacteroides and Ralstonia were enriched in

PCoA) revealed that the microbial composition in patients with HT
s thyroiditis.

patients in the LEfSe analysis. Escherichia, Shigella, Blautia,
and Faecalibacterium were more enriched in the healthy
controls (Figure 2(c)). The above results showed that pa-
tients with HT had aberrant intestinal microbiota.

3.2. H2S Levels in Serum Samples Were Lower in Patients with
HT Compared to Healthy Controls. We found that H2S levels
in serum samples from patients were significantly lower than
those in healthy controls (P <0.05) (Figure 3(a)). We also
observed that the H2S was negatively correlated with the
serum TgAb level (r=-0.533, P = 0.0004, Figure 3(b)). This
indicated that the alteration of the intestinal microbiota and
downregulation of H2S were associated with HT.

3.3. H2S DSR Pathway Enrichment in the HT Intestinal
Microbiota Was Downregulated. We analyzed the enrich-
ment of the H2S metabolic pathway in the intestinal
microbiota. There was no difference in the ASR between the
two groups (Figure 3(c)). In DSR, the enrichment of in-
testinal microbiota from patients with HT decreased when
compared to that of healthy controls (P = 0.06, Figure 3(d)).
This result suggested that the microbiota from patients with
HT likely had a reduced ability to synthesize H2S.
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4. Discussion

Emerging evidence suggests that the intestinal micro-
biota is associated with the pathogenesis of HT. Several

Several studies have discussed the causes of HT including
genetic susceptibility and environmental factors. However,
the pathogenesis of HT remains unclear [17]. Here, we
verified that the intestinal microbiota in patients with HT
differed from that in healthy controls. Patients with HT had
lower H2S levels in the serum, and the metabolism of H2S in
the microbiota from patients appeared to be downregulated.

studies have described significantly different f§ diversity in
patients with HT compared with that in healthy controls
[4-8]. A meta-analysis of the association between intestinal
microbiota and autoimmune thyroiditis showed that the
Chao index was increased in the HT group [18], which was
consistent with our findings. The intestinal microbiota of
patients was altered.
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FIGURE 3: Serum levels of H2S and the metabolism of H2S in intestinal microbiota. (a) The serum levels of H2S in patients with HT and
healthy controls. (b) The correlation between H2S and TgAb. (c) The richness of the ASR pathway in intestinal microbiota from two groups.
(d) The richness of the DSR pathway in intestinal microbiota from two groups. ***P <0.05. ASR, assimilatory sulfate reduction; DSR,
dissimilatory sulfate reduction; HT, Hashimoto’s thyroiditis; TgAb, thyroglobulin antibody.

Our study showed that the incidence of Blautia was
significantly lower in patients with HT. Blautia plays an
important role in maintaining environmental balance in the
intestine and preventing inflammation by upregulating in-
testinal regulatory T cells and producing short-chain fatty
acids (SCFAs) [19]. The abundance of Blautia is negatively
correlated with some inflammatory diseases [20]. Therefore,
Blautia might be a protective bacterium genus from HT. The
data showed that Bacteroides were enriched in patients with
HT. Bacteroides is a pro-inflammatory bacterium that
contributes to inflammatory bowel disease [21]. A study by
Ishaq et al. also showed augmented Bacteroides levels in
patients with HT [7]. The altered composition of the ben-
eficial and harmful bacteria might be a possible factor in the
pathogenesis of HT.

In addition to discussing the alteration of microbiota, we
explored the mechanism by which microbiota affects thyroid
autoimmunity. Immune cells are targets of H2S. T cell

differentiation and function are significantly regulated by
H2S [22]. The dysfunction of T cells, such as Th1, Th17, and
regulatory T cells, is associated with the pathogenesis of HT
[23-25]. There are no studies about the relationship between
H2S and HT, to the best of our knowledge. Our results
showed that H2S levels in the serum of patients were lower
than those in healthy controls.

The intestinal microbiota can reduce sulfide to produce
H2S and subsequently diffuse the H2S through the mucous
membranes [26]. The reduction of H2S occurs by two
pathways: ASR and DSR. Only the terminal product of DSR
is H2S [13]. In our study, the enrichment of DSR in the
intestinal microbiota decreased in patients, and this may be
attributed to the downregulation of serum H2S levels in
patients with HT.

We analyzed the intestinal microbiota in untreated
euthyroid HT patients to avoid the influence of different
thyroid functions and medications on intestinal microbiota.
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Autism spectrum disorder is a severe, life-prolonged neurodevelopmental disease typified by disabilities that are chronic or
limited in the development of socio-communication skills, thinking abilities, activities, and behavior. In children aged two to three
years, the symptoms of autism are more evident and easier to recognize. The major part of the existing literature on autism
spectrum disorder is covered by a prediction system based on traditional machine learning algorithms such as support vector
machine, random forest, multiple layer perceptron, naive Bayes, convolution neural network, and deep neural network. The
proposed models are validated by using performance measurement parameters such as accuracy, precision, and recall. In this
research, autism spectrum disorder prediction has been investigated and compared using common parameters such as application
type, simulation method, comparison methodology, and input data. The key purpose of this study is to give a centralized
framework to use for researchers working on autism spectrum disorder prediction. The best results were obtained by using the
random forest algorithm as it performs better than other traditional machine learning algorithms. The achieved accuracy is
89.23%. The workflow representations of the investigated frameworks assist readers in comprehending the fundamental workings

and architectures of these frameworks.

1. Introduction

Due to its diverse genetic structure and compound neural
connectivity, the human brain is the most structured and
complex body organ. A scale-free network is called a neu-
ronal connection between neurons, as it changes with en-
hancement. The more knowledge the brain receives, the
more synaptic associations are formed, and then the analysis
becomes more complicated. The connection between cog-
nitive growth and functional brain wiring improves the
interpretation of neurological disorder [1]. Owing to the
irregular wiring between the various brain areas, autism is
one of the heterogeneous and psychological growth disor-
ders [2]. A neurodevelopmental disorder is known as the

autism spectrum disorder (ASD) [1] that affects commu-
nication and behavior. The rise in the number of people
suffering from ASD worldwide demonstrates a significant
need for the implementation of ASD prediction models that
are efficient and easy to execute. The nature of these models
differs greatly with time and skill, and to understand this
diversity, the idea of an autism spectrum has been imple-
mented [3]. Around 50% of autistic children suffer from
mental impairment. Some have aberrantly enlarged brain
size, one-third have had at least two late adolescent epileptic
seizures, and around half have a significant speech im-
pairment [4]. Some autistic children have analytical abilities
that are highly developed and this originated the word
autism spectrum disorder. The ASD comprises of an autism
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disorder, Asperger’s syndrome, and pervasive de-
velopmental disorder, not otherwise mentioned [5]. Genetic
factors play a significant role in ASD. Autism is convincingly
attributed to genetic mutations, gene deletions, variations of
copy number (CNVs), and other genetic anomalies [6].

Some individuals with ASD are very verbal and com-
municative, while others do not use any means of com-
munication that are verbal. Additionally, some individuals
with ASD are very distracted from all aspects of social
contact, while others have relationships and careers [7].
Studies show that the brain development of ASD individuals
grows differently from the brain of typical controls. Autism
is the most rapid developmental disorder in male and is four
times more common than in female [8].

In fact, the ASD identification depends mainly on the
medical experience used during direct interviews to de-
termine patient’s behavior [9]. The last 25 years are of great
importance because it has seen enormous improvements in
the detection of autism at an early stage. Before children
learned vocabulary and iconic play skills, there was a debate
about whether they could recognize autism. Improvements
in early activity and structural changes in the brain have
been reported in 6-12 month-old babies who continue to
develop autism [10]. Machine learning algorithms can be
used to evaluate data and obtain the finest biological markers
from hundred biological markers if they have sufficient
amount of data and also have high computation power [11].
The authors in [12] have used deep neural networks (DNNs)
to classify ASD in functional magnetic resonance imaging
(fMRI), recognizing the analytical decision-making driven
by data and predict ASD.

The motivation behind this study is to present a method
for diagnosing the autism spectrum disorder with the help of
a better and accurate machine learning model. In order to
predict the autism spectrum disorder, the machine learning
algorithm provides an exact answer to the medical treatment
system.

The major contributions of this research work are as
follows:

(i) Balanced and scale data technique is used to test
whether it affects the performance?

(ii) Feature selection technique is applied to select
optimal features from the whole dataset for
prediction,

(iii) Better machine learning-based autism spectrum
disorder prediction model is proposed that predicts
autism with better accuracy and improves the
performance.

2. Previous Studies on Autism Spectrum
Disorder Prediction

This section explains previous studies that use machine
learning-based approaches to detect and predict the autism
spectrum disorder. The main motive is to analyze and find
some limitations to propose a new, better, and improved
machine-learning based approach for autism spectrum
disorder prediction.
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Table 1 describes some acronyms that are used in
this paper.

Automated algorithms for disease detection are being
deeply studied for usage in healthcare. Graph theory and
machine learning algorithms were used. For each age range
being examined, the pipeline automatically selected 10
biomarkers. In discriminating between ASD and HC,
measures of centrality are the most operational [11]. The
study [13] used a neural network-based feature selection
method from teacher-student which was suggested to have
the most discriminating features and applied different
classification algorithms. The results are compared with the
already presented methods at the overall and site level. The
authors in [14] also utilize the neural network to acquire the
distributions of PCD for the classification of ASD as it has far
more hyper parameters that make the model extra versatile.
Payabvash et al. [15] used computer leaning algorithms to
classify children with autism based on tissue connectivity
metrics, hence, observed decreased connectome edge density
in the longitudinal white matter tracts. It illustrated the
viability of it in identifying children with ASD, connectome-
based machine-learning algorithms. Emerson et al. [16]
shows how functional neuroimaging can reliably predict
which individuals obtain a clinical diagnosis of ASD at
24 months with 6-month-old infants at high familial risk
for ASD.

In ref [17], the authors simulated machine learning
techniques on data acquired from rest-state brain imaging to
diagnose autism. The drawback of the proposed research is
that it does not use any best feature selection method with
repeating periods of 2s (sites NYU, SDSU, UM, USM). This
led to a dataset of 147 ASD subjects and 146 balanced
controls. The authors in [18, 19] conclude that the data may
be used to establish diagnostic biomarkers for the pro-
gression of autism spectrum disorders and to distinguish
those with the condition in the general population. Wang
et al. [20] proposed an ASD identification approach which
focuses on multi-atlas deep feature representation and en-
semble learning technique. In study [21], the multimodal
automated disease classification system uses two types of
activation maps to predict whether the person is healthy or
has autism. It was able to achieve 74% accuracy. Rakic et al.
[22] suggested a technique which is based on a system
composed of autoencoders and multilayer perceptron. Be-
cause of a multimodal approach that included a set of
structural and functional data classification classifiers, the
highest classification precision was 85.06%. In study [23],
advanced deep-learning algorithms are proposed where
HPC solutions can increase the accuracy and time of broad
fMRI data analysis significantly. The authors in [24] explain
what the results of machine learning studies may mean for
the ultimate objective of determining an ASD biomarker
that is uniquely sensitive and precise. However, the results
cannot be applied to the entire ASD functional continuum.
The study did not include evidence from other de-
velopmental conditions and was thus unable to specifically
assess the specificity of typical CRF connections. Thomas
et al. [25] introduced a novel analysis technique to identify
changes in population dynamics in functional networks
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TaBLE 1: Description of acronyms.

Acronym Description

ASD Autism spectrum disorder

DNN Deep neural network

LDA Linear discriminant analysis

SVM Support vector machine

ANN Artificial neural network

CDC Centers for disease control and prevention
KNN K-nearest neighbor

LR Logistic regression

SMOTE Synthetic minority over sampling technique
RF Random forest

MLP Multilayer perceptron

NB Naive Bayes

fMRI Functional magnetic resonance imaging
FC Functional connectome

RSN Randomized subspace Newton

under ASD. They have also introduced machine learning
algorithms to predict the class of patients with ASD and
normal controls by using only population trend quality
metrics as functions. The limitation of this approach is that
the outcomes of the classification are highly dependent on
the threshold parameter T. Another problem is that despite
age variations in the experimental samples, the same spatial
normalization design was used for all subjects. The authors
in ref [26] proposed a collection of new features based on
MRI images using machine learning algorithms to diagnose
ASD which achieved 77.7% accuracy using the LDA
approach.

Yin et al. [27] developed deep learning methods from
functional brain networks built with brain functional
magnetic resonance imaging (fMRI) data for the diagnosis of
ASD. Another study [28] used a graph-based classification
approach which yields better results but missing values are
not handled and data normalization is not applied. A pre-
vious study [29] analyzes and works on brain networks
which are inherent. It is deduced that ASD may be caused
due to the aberrant mechanisms. The underlying individual
variations in ASD symptom severity may be dysfunction in
SN and visual systems and associated processes. Smith et al.
[30] suggest that a weakened interaction with RSN temporal
entitlement (RSN) and a higher degree of symptom severity
in ASD people is correlated with the association with
symptoms of the autism spectrum disorder. The findings
suggest that FC and entropy provide additional details on the
temporal spatio-organization of the brain. The authors in
[31] proposed a novel element-wise layer incorporating
general prior convictions built for connectomes and utilizes
Brain-Net CNN and L2 regularization algorithm for
classification purposes. The technique was validated using
the K-Fold cross-validation method. However, this study
does not utilize any pre-processing and feature selection
technique as it highly affects the accuracy of the model. A
multichannel deep attention neural network called DANN
was proposed in [32] in which mechanism-based learning
with attention achieved a precision of 0.732. However, this
study is limited because the selected cohort is in the
population of teenagers and young adults, and hence,

restricting the generalizability of the model since the di-
agnosis of ASD was carried out much earlier. Alvarez-
Jimenez et al. [33] presented a multiscale descriptor to
classify brain regions and recognize those with discrep-
ancies between groups using a 2D representation and the
curvelet transform. With regards to the state-of-the-art
methods, including those focused on deep learning, it is
shown to be successful. Another study [34] used the scope
of the brain network’s Laplacian matrix and topology
centrality as characteristics. This study utilizes the features
that are presented in [26] and acquired 79.2% accuracy. The
study [35] suggested a novel architecture using CNN which
has to identify autism and monitor patients using RS-fMRI
data. This study concludes that through structural MRI
images, 3D convolutionary neural networks can also be
used to distinguish healthy subjects and patients with
autism. Sherkatghanad et al. [36] suggested a CNN ar-
chitecture. The mean accuracy of the presented model
which used 234 test data is 70.2% but no feature selection
technique was utilized. The authors in [19] indicate that
deep learning techniques can classify broad multi-site
datasets accurately which may be useful for the potential
application of machine learning to identify psychological
conditions. The authors in [37] suggest the ANN algorithm
for multisite data and also shares the importance of net-
work connectivity for classification was linked to verbal
communication deficits in autism. The study [38] utilizes
deep neural network and atlases for classification and
acquired the accuracy of 78.07% on real data and 79.13% on
augmented data.

3. Proposed Model

The proposed model presented in Figure 1 is a concept of
a system made up of the composition of ideas that are used
by optimal feature selection to help people learn, un-
derstand, or estimate the prediction of autism spectrum
disorder. The main purpose of the conceptual model is to
communicate the basic principles and characteristics of the
system reflected by it. The computational model is built to
offer an interpreted understanding of the framework to the
consumers of the software.

The proposed model consists of six major steps that are
as follows: (1) data collection as data are collected from
ABIDE and ABIDE collected data using 17 different sites, (2)
data pre-processing which includes following steps such as if
missing values present then they are imputed rather than
deletion, the whole dataset scaled at same scale to improve
results, the number of instances in dataset for two classes has
been balanced, outliers first detected than removed from
dataset for its biasness in results, and features have been
selected using machine learning technique, (3) data splitting
technique which splits data into testing, training, and val-
idation datasets, (4) classification model uses four different
classifiers such as SVM, MLP, NB, and RF to check which
classifier performs the best with selected dataset, (5) model
evaluation is performed using parameters like accuracy,
precision, and recall, and (6) validation is carried out using
the k-fold mechanism.
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FiGURE 1: ML-based ASD classification model.

4. Materials and Methods

4.1. Experimental Setup. In Google Co Labs, a free online
cloud-based Jupyter Notebook environment is used. Python
packages are used for pandas for loading the data set;
NumPy for handling the subsets, and pilots for making plots.
The pre-processing includes making subsets, selection of
best features, removal of missing values, and the application
of SMOTE is performed using the programming language
Python in the Jupyter Notebook. The machine learning steps
are also implemented in Python. To put the features in
a better format and split the data in the test and train NumPy
was used. To cross-validate the model, sklearn library was
used. To smoothly run and validate the proposed model,
machine having specification of Windows 10, CPU 2.9 GHz
core i7, GPU Intel HD Graphics 620, RAM 12 GB, and free
disk space of minimum 5 GB was used for experiments.

4.2. Data. The dataset used in this study is retrieved from the
widely recognized ABIDE dataset used by many researchers
[11, 13, 14, 16-36]. The dataset aims to diagnose whether or
not a patient has autism based on certain diagnostic mea-
sures in the dataset. The collection of such instances from
a broader database was subject to certain restrictions. In
particular, all patients are males aged between 7 and 64 years.
The datasets consist of multiple variables of medical pre-
dictors and one objective variable, the outcome. Predictor
variables include the size of the functional voxel, age, etc. The
ABIDE dataset consists of the 1112 subjects’ rs-fMRI images,
structural MRI images (T1-weighted), and phenotypic

information. 539 of these are ASD while 573 are TC subjects
as represented in Figure 2. Because of the diversity of the
subjects, the ABIDE dataset is a very challenging dataset to
work with instances.

4.3. Pre-Processing

4.3.1. Missing Value Imputation. The number of missing
values, however, is high. This step involves a data exploratory
process to identify and handle the outliers by using the box
plot approach. There were various missing values in the
dataset, so the missing values were handled by an iterative
imputer. In general, the data input method is better because
it makes it possible to use as many samples for machine
learning as possible. Iterative imputation is a method where
every feature is shaped as a function of the other features,
e.g., a regression problem where missing values are pre-
dicted. After missing value imputation, all of the features
have 1112 instances and all missing values are vanished by
using the iterative missing value imputation method.

4.3.2. Outliers Detection. Outliers have been detected using
box plot and then the interquartile range is defined which
uses an upper limit and lower limit of column and removes
the values which lie outside the limit. All the outliers are
removed using this technique.

4.3.3. SMOTE for Balancing the Dataset. The simplest
methodology to cope with the imbalanced datasets is to
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FiGure 2: Dataset before and after SMOTE. (a) Dataset before SMOTE. (b) Dataset after SMOTE.

oversample the minority class with replicating examples in
the autism class. The SMOTE is the method that produces
artificial instances on a random basis of the minority class
from the nearest neighbors of the line joining the minority
class sample to increase the number of the already available
original instances. Therefore, these artificial instances are
created on the basis of the original dataset features so that
they become like the original instances of the minority class.

4.3.4. Feature Selection with Sequential Forward Selection.
Sequential forward selection (SFS) is used for feature se-
lection due to its immense significance. We have used it
because the used dataset is based on 1112 instances and 74
features which mean high dimensional which needs to ex-
clude some features.

4.3.5. Dataset Splitting. In this phase, total number of the
autism patient dataset is split into two partitions for training
and testing. With respect to the proposed model, training
partition contained 70% data while remaining 30% data used
for testing purpose. Literature describes 70-30 split strategy
of input data. Out of total 1146 instances, 803 training
instances were used for building classifying models of
machine learning algorithms and remaining 343 training
instances for testing partition were used to evaluate the built
models.

4.4. Classification. We have used random forest with other
machine learning techniques such as naive Bayes, support
vector machine, and multiple layer perceptron algorithms.

4.4.1. Random Forest (RF). RF is a machine learning
technique for solving classification and regression problems
using decision tree algorithms. To train the *forest’ formed
by the random forest method, a bagging or bootstrap ag-
gregation method is used. To overcome the drawbacks of
a decision tree algorithm, the random forest method is used.
It decreases dataset overfitting and enhances accuracy. It
makes predictions without requiring extensive package
parameters (such as scikit-learn). Let €, (x) be the class
prediction of the b-th random-forest tree, then
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4.4.2. Naive Bayes (NB). The naive Bayes technique is
a supervised learning procedure for tackling classification
issues which is based on the Bayes theorem that makes
predictions based on an object’s probability. Bayes’ theorem
is numerically presented as follows:

P(B|A)P(A)

P(A|B) = B)

, (2)
where P(A|/B) is the probability of hypothesis A on the
observed event B which is known as posterior probability,
P(B|A) is the probability of the evidence given that the
probability of a hypothesis is true known as likelihood
probability. P(A) is the probability of hypothesis before
observing the evidence known as prior probability. P(B) is
the probability of evidence known as marginal probability.

4.4.3. Support Vector Machine (SVM). SVM is a supervised
classification technique that uses a line to distinguish be-
tween two separate groups. In many circumstances, the
separation is not that straightforward. The hyperplane di-
mension must be altered from one to the N dimension in
this scenario called as Kernel. To put it another way, it is the
functional link that exists between the two observations.

4.4.4. Multiple Layer Perceptron (MLP). A family of func-
tions is defined by an MLP or multilayer neural network.
MLP is a type of feedforward artificial neural network
(ANN). MLP, especially those with a single hidden layer, is
commonly referred to as “vanilla” neural networks. There
are at least three levels of nodes in an MLP: an input layer,
a hidden layer, and an output layer. Each node with the
exception of the input nodes is a neuron with a nonlinear
activation function. Backpropagation is a supervised
learning technique used by MLP.

4.5. Model Validation. Cross-validation is a mathematical
method for assessing master learning abilities. The K-fold
validation method is employed for validation. In the K-fold
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approach, the entire dataset serves as both training and
testing. In this way, the entire dataset is tested by using 70%
data for training and 30% data for testing against the test case
and the findings are validated against the dataset.

Precision =

4.6. Measurement. In this study, we used accuracy, recall,
and precision for performance measurement as represented
in (3)-(5).

True Positive 3)
True Positive + False Positive’
True Negative + True Positive @

Accuracy = >
= True Negative + True Positive + False Negative + False Positive

and

True Positive
Recall = — — (5)
True Positive + False Negative

Here, the term true positive indicates that the model
predicts positive class correctly and true negative indicates
that model predicts negative class correctly. The four clas-
sifiers RF, NB, MLP, and SVM are compared in Figure 3 on
the basis of accuracy, precision, and recall.

5. Results and Discussion

The prediction of autism spectrum disorder was carried out
on the basis of a traditional machine learning technique
consisting SVM, NB, RF, and MLP. The techniques were
applied on a dataset balanced by using SMOTE. The tech-
nique was applied on the 1146 instances of 16 features on
balance dataset. The results were obtained after 50 iterations.
The empirical performance of traditional machine learning
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TABLE 2: Accuracy comparison of RF, NB, MLP, and SVM.

Traditional classifier

Imbalanced dataset

Accuracy (%)

Balanced dataset (SMOTE)

RF
NB
MLP
SVM

81.88
79.12
75.11
83.33

89.23
85.43
81.84
80.43

TABLE 3: Precision comparison of RF, NB, MLP, and SVM.

Traditional classifier

Imbalanced dataset

Precision (%)
Balanced dataset (SMOTE)

RF 82.56
NB 77.23
MLP 7515
SVM 79.54

90.12
84.52
80.21
81.89

TABLE 4: Recall comparison of classifiers.

Traditional classifier

Imbalanced dataset

Recall (%)
Balanced dataset (SMOTE)

RF 80.58 88.33
NB 78.32 81.43
MLP 72.23 77.58
SVM 75.65 80.55
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FIGURE 4: Accuracies comparison in the line chart.

algorithm-based classifiers is demonstrated in Table 2.
According to the table, RF shows notable performance with
respect to an accuracy of 94.73%. On the other hand, NB and
MLP show better performance than SVM with respect to an
accuracy of 91.86%, whereas SVM shows the least classifi-
cation accuracy of 90.43%.

The RF gives a notable empirical result of 81.88% and
89.23% accuracy for imbalanced and balanced dataset, re-
spectively. The NB gives 79.12% accuracy with imbalanced

dataset; however, it gives 85.43% accuracy with balanced and
scaled dataset. On the other hand, MLP gives 75.11% ac-
curacy with imbalanced dataset and 81.84% with balanced
dataset. Likewise, SVM gives 83.33% accuracy with imbal-
anced dataset but 80.43% with balanced dataset. It clearly
shows that all traditional algorithms give improved accuracy
with balanced and scaled dataset. The traditional four
classifiers RF, NB, MLP, and SVM are compared on the basis
of precision in Table 3.
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TaBLE 5: Comparison of existing techniques and the proposed technique.
Ref/Year Model Accuracy (%)
[32] 2020 Multichannel DANN model with RF 65.9
[32] 2020 Multichannel DANN model with SVM 69.3
[22] 2020 Classification method using MLP 85.06
[15] 2018 Potential biomarker identification model based on NB 66
Proposed model
RF without balancing the dataset 81.88
RF with balancing the dataset 89.23

It is clear that precision of RF with balanced dataset is
90.12% which is high as compared to the imbalanced data
which is 82.56%. The NB gives precision of 77.23% and
84.52% with imbalance and balanced dataset. The MLP gives
precision of 75.15% and 80.21% with imbalanced and bal-
anced dataset. The SVM gives precision of 79.54% and 81.89%
with imbalanced and balanced dataset, respectively. The four
classifiers are compared in Table 4 on the basis of recall.

It is clear that recall of RF with balanced dataset is
88.33% which is high as compared to the recall with im-
balanced data which is 80.58%. The NB gives recall of 78.32%
and 81.43% with imbalanced and balanced dataset. The MLP
gives recall of 72.23% and 77.58% with the imbalanced and
balanced dataset. The SVM gives a recall of 75.65% and
80.55% with the imbalanced and balanced dataset,
respectively.
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6. Comparisons of Applied
Classifier Techniques

We have implemented four classifiers RF, NB, MLP, and
SVM algorithms where RF presents notable accuracy and
precision performance as compared to the other traditional
classifiers portrayed in Figures 4 and 5. Recall comparison is
portrayed in Figure 6.

Table 5 shows accuracy comparison of the proposed
autism prediction model with and without SMOTE.

7. Conclusion

The prediction model for the autism spectrum disorder plays
a vital role in predicting autism and helps in diagnosing in
time. In this research, we have surveyed prediction models
for the autism spectrum disorder including different ma-
chine learning techniques. Theoretically, the working of
these techniques have been evaluated and illustrated so that
a new researcher can get started on a single board. The
detailed comparison based on common parameters allows
for the quick identification of architectural and
implementation-related similarities and differences among
various prediction models. We have given in-depth analysis
which sets this study apart from other autism spectrum
disorder techniques. Only autism spectrum disorder pre-
diction techniques were consolidated in this study. The state-
of-the-art ASD prediction using various machine learning
techniques are comprehensively covered in this research but
there are still plenty of opportunities for upcoming
investigators.

As this model is better than state-of-the-art methods, but
in future it can be tested with fuzzy logic algorithms for
checking more accuracy for the autism spectrum disorder.
In addition, other datasets can be experimented for a com-
parison purpose.
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The dataset used in this study is retrieved from the widely
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Objective. To explore the effect of the overall nursing mode of responsibility system on the psychological state of elderly patients with
limb fractures fixed by splints. Methods. This study selected 150 elderly patients who received emergency treatment of a limb fracture
fixed by a traditional Chinese medicine splint in our hospital from May 2018 to June 2021 as the research subjects. They were divided into
a control group and an observation group, with 75 cases in each group. The control group was intervened by traditional nursing mode,
and the research group was intervened by responsible overall nursing mode. The quality of nursing work was observed and compared
with the nursing staff’'s work quality and satisfaction, patients’ psychological states and satisfaction, and the risk of clinical adverse events.
Results. After management, the quality of nursing work in the two groups was significantly improved. Compared with before
management, the scores of basic nursing measures, nursing of critical patients, ward environment management, disinfection and
isolation, rescue drugs and instruments, and nursing document management in the observation group were significantly higher than
those in the control group (P < 0.05). After management, the work quality and satisfaction of nurses in the two groups were significantly
higher than those before management. The SERVQUAL scale score and satisfaction score in the observation group were significantly
higher than those in the control group (P < 0.05). The scores of HAMA and HAMD in the observation group were significantly lower
than those in the control group (P <0.05). The overall satisfaction of nursing in the observation group was 96.00%, which was
significantly higher than the 80.00% in the control group (P < 0.05). The incidence of adverse events in the observation group was 8.00%,
which was significantly lower than 17.33% in the control group (P <0.05). Conclusion. Giving elderly patients with limb fracture
emergencies treated with splint fixation using traditional Chinese medicine the overall nursing mode management and responsibility
system can give the elderly patients comprehensive and systematic clinical nursing, increase their trust and compliance with nursing
work, improve the patient’s psychological state, improve clinical satisfaction, and achieve the ideal doctor-patient relationship, which is
worthy of clinical application.

1. Introduction

Limb fracture is one of the common types of orthopedics [1].
With the aging of the population and changes in bone loss,
the incidence of fractures in the elderly is increasing year by
year, which seriously affects the quality of life and limb
function [2]. In order to promote the rapid physical re-
habilitation of elderly patients with limb fractures, clinicians
often provide targeted treatment and postoperative

rehabilitation nursing services according to the type, degree,
and course of the fracture. Among them, traditional Chinese
splint fixation has the advantages of simple operation,
convenient economy, and a remarkable therapeutic effect
and has been widely used in clinical practice [3, 4]. However,
elderly patients need long-term bed rest after fracture, and
the gastrointestinal and metabolic systems are disordered,
increasing the psychological pressure and physiological
needs of patients. In addition, acute and chronic diseases are
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often associated with the slow healing of the fracture site
after clinical fixation, and the recovery of joint and limb
functions is not ideal, which also delays the recovery time of
the disease and aggravates the degree of physical and mental
trauma [5]. Traditional postoperative rehabilitation nursing
modes make it difficult to meet the nursing needs of elderly
patients and their families due to their general adaptability.
In addition, due to the limited number of nursing staff and
trivial nursing affairs, problems such as incomplete nursing
work occasionally occur, which will cause secondary harm to
patients and is not conducive to compliance during nursing
[6, 7]. In order to carry out the humanistic care and quality
nursing service project of the Ministry of Health, pay at-
tention to the responsibility system and reform the nursing
mode in terms of the breadth and depth of quality nursing
service. With the overall nursing mode of responsibility
system as the core and patients as the first subject, the re-
sponsibilities of nursing staff are refined, and special spe-
cialized projects are added to carry out all-round, multilevel,
and whole-process scientific nursing. In addition, the
implementation of flat management will promote the
comfort of nursing staff, relieve the sense of fatigue, and
increase the care and nursing treatment for patients. It is
applied to the training and management of the whole
nursing staff in the hospital, and good nursing effects are
achieved. However, no literature has been found on the
application of limb fractures to emergency elderly patients
[8-10]. In this study, 150 emergency elderly patients with
limb fractures treated by TCM splint fixation in our hospital
were respectively managed by traditional rehabilitation
nursing and the overall nursing mode of responsibility
system, and the intervention effects of the two groups of
patients were observed. The report is as follows.

2. Materials and Methods

2.1. General Information. In this study, 150 elderly patients
who received TCM splint fixation for limb fractures in our
hospital from May 2017 to June 2021 were selected as the
research subjects and were divided into a control group and
an observation group by the numerical random table
method. There were 46 males and 29 females in the control
group, ranging in age from 38 to 65years old, with an av-
erage age of 57.01£9.42 years old, and the course of the
disease was 1.18 to 13.92days. In the observation group,
there were 48 males and 27 females, aged from 39 to 67 years,
with an average age of 56.41 £ 9.52 years, and the course of
the disease ranged from 1.36 to 14.03 days. There were no
statistically significant differences in age, gender, disease
course, and other general information between the two
groups (P >0.05), indicating comparability. The control
group adopted routine nursing mode intervention, and the
observation group adopted responsibility holistic nursing
mode intervention.

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
were as follows: @ in line with the diagnostic and thera-
peutic criteria of TCM diseases and syndromes [11] and the
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diagnostic criteria of limb fracture in the scientific basis of
TCM bone injury [12]; @ the patient was diagnosed with
limb fracture by CT, X-ray, and other imaging examinations;
® there were obvious traumatic sites, and all fracture types
were all closed; @ the age ranges from 18 to 75years; ® no
cognitive and mental disorders; ® barrier-free communi-
cation, capable of completing the questionnaire in-
dependently; and @ all subjects were informed of the
research content and signed informed consent.

The exclusion criteria were as follows: @ complicated
with functional disorders of the heart, liver, lung, and other
important organs; @ no previous surgical history, malignant
tumor, or infection at the fracture site; ® with coagulation
dysfunction or severe inflammation; ® have joined or
participated in other rehabilitation research work; and ®
finding it difficult to comply with medical advice and having
poor compliance.

2.3. Research Methods. The control group adopted the
traditional rehabilitation nursing management mode, that
is, after admission, patients were instructed to fill out basic
information (questionnaire, etc.), deal with admission
matters, and inform themselves about the precautions of
traditional Chinese medicine splint fixation. After fixation,
the electrocardiogram, respiratory rate, temperature, and
skin status of the patients were recorded regularly. In case of
emergency, timely treatment was conducted, and feedback
was reported to the attending doctor. The observation group
adopted the responsibility system holistic nursing mode
intervention, and some orthopedic nursing staff were se-
lected to form a special responsibility group, including 1
orthopedics deputy director nurse, 6 nurses in charge, and 9
nurses and 9 clinical nurses. Organize members of the
special responsibility group to learn the professional re-
quirements, team spirit, and significance of the holistic
nursing responsibility system and establish good nursing
cognition and work attitude. Specific implementation
measures were as follows: @ fixed responsibility area and
personnel responsibilities: according to the ward distribu-
tion and disease situation. The chief nurse, as the head of the
team, is responsible for developing nursing plans, super-
vising the implementation of nursing staff and the quality of
work, testing the depth and breadth of nursing work
implementation, dealing with critical events, and arranging
a new stage of nursing plan. At the same time, I also paid
attention to the transfer and arrangement of team members,
the examination of first-aid drugs and instruments, and the
assistance of nurses and nurses. The personnel should be
reasonably arranged according to the working experience,
ability, and attitude of team members; one nurse and one
nurse were selected as office staff, responsible for sorting out
emergency documents and patient information, answering
patients’ or family members’ questions about disease and
medication, communicating with other departments in
critical situations, and applying for and reporting medi-
cation and instruments of the department. In addition,
comprehensive and real-time records help grasp the
progress of patients’ conditions, which makes it convenient
to call out emergencies. Two nurses were selected as
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emergency personnel to pay attention to the environment,
temperature, humidity, and other controls in the operating
room to increase patients’ compliance during treatment.
Regularly disinfect and sterilize the operating room, check
and replace emergency drugs and instruments, etc., to
ensure the smooth operation of fixation. Two nurses were
selected as bed nurses, and each nurse guaranteed 6 to 8
patients, providing basic nursing, emergency nursing,
special nursing, and psychological comfort actively com-
municate with patients and their families, increase nurse-
patient relationships, improve patient satisfaction, etc. At
the same time, pay attention to the patient’s physical state
and record regularly to ensure the smooth development of
nursing work. The nursing nurse should regularly observe
the patient’s consciousness, body position, skin, pupil, and
temperature and make detailed electronic records. In case of
an emergency, the office nurse or nurse will sort out the
patient’s information, past history, and matters needing
attention in time. The responsible nurse should timely
understand and satisfy the needs of patients, pay attention
to effective communication, and provide scientific and
detailed, seamless nursing services. The responsible nurse
should guide the patient’s rehabilitation training regularly
and assist the family members with complete body massage,
skin warmth, etc. Pay attention to the patient’s psycho-
logical state and comfort level, guide him/her to eat food
with less oil, less salt, and easy digestion, pay attention to the
changes in the patient’s gastrointestinal function, and al-
leviate the degree of gastrointestinal function injury. @
Flexible scheduling system: the deputy director of ortho-
pedics nurse on white spot take turns on the day shift, night
shift, nurse and nurses according to the actual number of
patients and data statistics. Set the morning shift, middle
shift, and evening shift. The morning shift is from 8:00 to 16:
00, the middle shift is from 16:00 to 24:00, and the evening
shift is from 24:00 to 8:00. During the shift, the two groups
of nursing staft should carefully check the ward situation,
explain the situation of some patients, and address any
matters needing attention. During the 2~3 weeks’ shift, pay
attention to the shift between the primary and secondary
situations of the nursing staff’s dynamic adjustment.
Among them, there are responsible nurses for patients every
day, and each patient is taken care of by two responsible
nurses in turn. Each nurse is responsible for 6-8 patients in
a given area. (3) Perfect supervision and reward and
punishment system: check content 2~3 times a week, in-
cluding ward environment, patient satisfaction, recognition
of nursing work, data sorting, summary, drugs, equipment,
disinfection work, etc. The inspection results are reviewed
by supervisors and dealt with according to the reward and
punishment system. Regularly check the professional
knowledge, operational skills, and psychological state of
nursing staff and constantly improve the professional
quality and work quality of the nursing team.

2.4. Observation Indicators. @ Comparison of orthopedic
nursing work quality: according to the quality scoring
standard of orthopedic nursing work of our hospital, the

work quality of the two modes before and after management
for 3 months was compared. There are 6 aspects in total,
including basic nursing measures, critical patient nursing,
ward environmental management, disinfection and iso-
lation, rescue medicine and instruments, nursing document
management, etc. @ Work quality and satisfaction of
nursing staff: the modified SERVQUAL Service Quality Scale
[13] was used to evaluate the service quality of nurses before
and after management for 3 months. The scale has 5 di-
mensions, including reliability, reactivity, assurance, em-
pathy, and tangibility, with a total of 19 items. The 5-level
scoring system is adopted. The overall score is positively
correlated with patient satisfaction. The Karowski (NSNS)/
Miller (MMSS) satisfaction scale [14] was used to measure
the job satisfaction of nurses before and after management
for 3 months. The scale has eight dimensions, including
benefits, scheduling, work-family balance, relationships with
colleagues, networking opportunities, professional devel-
opment opportunities, work recognition and recognition,
control over work, and responsibility. There are 31 entries in
total. Using a 5-level scoring system, from “very dissatisfied”
to “very satisfied,” with high authority. ® Comparison of
psychological status: the Hamilton Anxiety Scale [15] was
used to measure the anxiety degree of patients in the two
groups before and after management for 3 months. There
were 14 items in total. The overall score was less than 7 as no
anxiety, and 7~13 as low anxiety. 14-20 were marked as
significant anxiety; >21 is considered extreme anxiety. The
Hamilton Depression Scale [16] (HAMD) was used to
measure the depression degree of 2 groups before and
3 months after management, including anxiety/somatiza-
tion, body weight, cognitive impairment, day-night change,
block, sleep disturbance, and despair. No depression with an
overall score <7; 8 to 19 were classified as mild depression; 20
to 34 are classified as moderately depressed; >35 was clas-
sified as major depression. @ Comparison of nursing sat-
isfaction: patients were interviewed by using a questionnaire
of satisfaction. The questionnaire included 25 items, in-
cluding nursing environment, nursing staff professional
work, nursing service attitude, inpatient environment, and
disease awareness. The total score is 25~100 points, with the
total score <60 being dissatisfied, 60~74 being generally
satisfied, 75~90 being relatively satisfied, and >90 being
particularly satisfied. Overall nursing satisfaction = (general
satisfaction + relatively satisfaction + special satisfaction)
number of cases/total number of cases x 100%. ® Com-
parison of incidence of adverse events: the incidence of
adverse events in the two groups was recorded and observed
during the follow-up of 3 months, including falls, bed falls,
compression injuries, lost infusion tubes, wound infections,
thrombosis, etc.

2.5. Statistical Treatment. The data were processed by SPSS
24.00 statistical software. Measurement data were expressed
as X + S, and comparison between groups was performed by
t-test. The statistical data were expressed as the number of
cases (n) and percentage (%), and the comparison between
groups was performed by x* test. P < 0.05 indicated that the
difference was statistically significant.



3. Results

3.1. Comparison of General Data between the Two Groups.
The results showed that there were no significant differences
in gender, age, education level, disease type, and surgical
experience between the observation group and the control
group (P>0.05), as shown in Table 1.

3.2. Comparison of the Quality of Orthopedic Nursing Work.
The results showed that there was no significant difference
between the two groups in nursing work quality before mode
management (P>0.05). The nursing quality of the two
groups after management was significantly improved
compared with that before management. The scores of basic
nursing measures, critical patient nursing, ward environ-
mental management, disinfection and isolation, rescue
medicine and instruments, and nursing document man-
agement in the observation group were significantly higher
than those in the control group (Figure 1). The difference
was statistically significant (P <0.05), as shown in Table 2.

3.3. Comparison of Work Quality and Satisfaction of Nursing
Staff. The results showed that there was no significant
difference in the quality and satisfaction of nursing staff
before management between the two groups (P > 0.05). The
work quality and satisfaction of nursing staff in the two
groups after management were significantly improved
compared with that before management (Figure 2). The
SERVQUAL scale score and satisfaction score of the ob-
servation group were significantly higher than those of the
control group, and the differences were statistically signif-
icant (P <0.05) (Figure 2), as shown in Table 3.

3.4. Comparison of Psychological Status between the Two
Groups. The results showed that there was no significant
difference in psychological status score between the two
groups before management (P> 0.05). HAMA and HAMD
scores of 2 groups after management were significantly lower
than those before management. HAMA and HAMD scores
in the observation group were significantly lower than those
in the control group (Figure 3), and the differences were
statistically significant (P <0.05), as shown in Table 4.

3.5. Comparison of Clinical Nursing Satisfaction. The results
showed that the overall nursing satisfaction of the obser-
vation group was 96.00%, which was significantly higher
than that of the control group at 80.00% (Figure 4). The
difference was statistically significant (P < 0.05), as shown in
Table 5.

3.6. Comparison of Incidence of Adverse Events. The results
showed that the incidence of adverse events in the obser-
vation group (8.00%) was significantly lower than that in the
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control group (17.33%) (Figure 5). The difference was sta-
tistically significant (P <0.05), as shown in Table 6.

4. Discussion

In elderly patients, limb fractures can be accompanied by
severe pain and other complications due to bone loss and
body decline. It causes serious negative effects on patients’
physiology and psychology, delays fracture healing time,
increases psychological burden, and increases clinical
treatment difficulty. Traditional Chinese medicine splint is
often used in emergency elderly patients with limb fracture
to maintain the original structure such as body diaphysis and
joints. In terms of operation, the fracture healing effect is
good, and the clinical treatment effect is good. Relevant
studies have shown that after splint treatment for elderly
fracture patients, high-quality nursing can promote patients’
development of a good psychological state, improve nursing
satisfaction, and reduce the risk of adverse events [17]. The
traditional nursing management mode is mostly assigned
according to the work content of medical staff, and there is
no unified standard for nursing items and quality, which
may cause psychological trauma to patients [18]. The holistic
nursing mode of responsibility takes the patient as the core
of nursing, rationalizes the arrangement, and refines the
work flow and responsibility through the nursing staff.
Establish a one-to-one or two-to-one nurse-patient re-
lationship between patients from admission to discharge and
take comprehensive and systematic nursing measures for
patients. In order to promote their rapid recovery, adjust
their psychological state and nursing satisfaction, and
achieve high efficiency and excellent nursing quality [19]. At
present, the overall nursing mode of responsibility system at
home and abroad mostly emphasizes the assistance of
nursing staff in multiple departments, with limited effec-
tiveness in personnel management and limited attention to
specific groups [20]. In this study, the nursing staff’s pro-
fessional quality and professional ability were significantly
improved by adopting responsibility system holistic nursing
mode management for elderly patients with limb fracture
treated by TCM splint fixation. It can improve the bad mood
of elderly patients, improve nursing satisfaction, reduce the
risk of adverse events, and provide a basis for rehabilitation
nursing of limb fractures.

Quality nursing service can increase patients’ trust and
tolerance for disease treatment and improve their compli-
ance with clinical work through the assistance ability,
professional nursing knowledge, and level of cooperation
between nursing teams. Service quality, professional level,
and service attitude of nursing staff can be reflected by the
SERVQUAL scale and satisfaction scale. The SERVQUAL
scale comprehensively evaluates the service quality of
service-oriented organizations through the appearance and
feeling of service objects to service personnel, the perfor-
mance of commitment, handling attitude and efficiency,
professional knowledge level, and personalized service [21].
Patestos et al. [22] applied holistic nursing education to
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TaBLE 1: Comparison of general data between the two groups.

Group Control group (n=75) Observation group (n="75) Statistics P value
Gender (example)

Male 46 (61.33) 48 (64.00)

Female 29 (38.67) 27 (36.00) 4613 0.231
Average age (years) 57.01£9.42 56.41+£9.52 3.921 0.130
Course of disease (day) 1.18~13.92 1.36~14.03 5.032 0.057
Fracture site (case)

Humerus 18 (24.00) 19 (25.33)

Foot radius 24 (32.00) 25 (33.33)

Femoral 16 (21.33) 14 (18.67) 0.1 0.108

Tibiofibula 17 (22.67) 17 (22.67)

Cause

Weight crushed 21 (28.00) 26 (34.67)

Traffic accident 38 (50.67) 35 (46.67) 6.120 0.212

High fall injury 16 (21.33) 14 (18.67)

Education level

Technical secondary school and below 21 (28.00) 19 (25.33)

College or bachelor degree 30 (40.00) 33 (44.00) 6.234 0.068

Master degree or above 24 (32.00) 23 (30.67)
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FiGgure 1: Comparison of orthopedic nursing quality. The scores of basic nursing measures, critical patient nursing, ward environmental
management, disinfection and isolation, rescue medicine and instruments, and nursing document management were compared with the
two groups in nursing work quality before and after mode management.

comprehensive student growth management, providing
holistic and excellent holistic nursing concept for nursing
staff, alleviating work fatigue and lack of empathy, devoting
themselves to nursing work, and achieving significant self-
growth ability. According to Wang et al. [23], in the

application of TCM and acupuncture, the holistic nursing
model of responsibility can promote the cooperative and
positive abilities of nursing staff, provide a good healing
space for patients, promote and stimulate the maximum
healing ability of patients, and provide a good rehabilitation
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TaBLE 2: Comparison of orthopedic nursing quality (x + s, points).
Group Time Control group (n=75) Observation group (n="75)
Basic nursine measures Before the management 87.02+9.23 87.21+9.31
& After the management 91.10+7.75" 99.82 +5.36*"
Critical patient care Before the management 84.57 +£9.08 84.28£9.12
b After the management 90.35+7.92" 98.30 +6.40""
Ward environmental management Before the management 86.02 £ 8.61 89.46 £8.56
8 After the management 92.37+7.09* 96.92 +6.10**
Disinfection isolation Before the management 77.01+£8.13 77.42+8.35
After the management 86.32£7.25" 91.20+6.84*%
Salvace medicine apparatus Before the management 90.03 +8.79 90.04 +8.73
8 PP After the management 95.72+7.04 98.31 +6.63*
Nursing document management Before the management 86.90 +9.29 86.84+£9.32
§ § After the management 94.23+7.48" 97.93+7.05"*
Note. Compared with the control group before management, **P < 0.05.
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FiGure 2: Comparison of work quality and satisfaction of nursing staff. The SERVQUAL score and NSNS score were compared with the two

groups in nursing work quality before and after mode management.

TaBLE 3: Comparison of work quality and satisfaction of nursing staff (X s, points).

Group Time Control group (n=75) Observation group (n="75)
Before the management 73.02+9.68 73.14£9.65
SERVQUAL score After the management 83.27 +8.35* 87.92+8.60*
NSNS score Before the management 89.54+10.67 89.39+£10.71
After the management 97.92+9.41" 128.60 + 8.25*%

Note. Compared with the control group before management, **P < 0.05.

platform for their functional recovery. The results showed
that the quality of nursing work in the two groups was
significantly improved after management compared with
before management. And the scores of basic nursing
measures, critical patient care, ward environmental man-
agement, disinfection and isolation, rescue medicine and
instruments, and nursing document management in the
observation group were significantly increased compared
with the control group. After management, the work quality
and satisfaction of nursing staff in the two groups were
significantly improved compared with those before man-
agement, and the SERVQUAL scale score and satisfaction
score in the observation group were significantly increased

compared with those in the control group. It is consistent
with the research results of Patestos and Wang, indicating
that the holistic nursing model of responsibility system can
significantly improve the quality of department manage-
ment and improve the work quality and satisfaction of
nursing staff. The overall nursing mode of responsibility
system can accurately implement the responsibilities and job
processes of nursing staff, master professional-related skills,
give full play to the work efficiency of nursing staff, increase
the enthusiasm of nursing staff, increase the nurse-patient
relationship and intimacy, and meet the needs of patients
and their families as far as possible. In addition, a clear
division of responsibilities and supervision system can
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TaBLE 4: Comparison of the psychological status between the two groups (x + s, points).

Group Time Control group (n=75) Observation group (n="75)
Before the management 18.16 +3.42 18.19£3.39
HAMA score After the management 15.65+2.17" 12.11 + 1.31*
Before the management 22.48+3.24 22.43+3.27
HAMD score After the management 17.93 +2.06* 1528+ 114"
Note. Compared with the control group before management, **P < 0.05.
25 - 30
2 207 1 * o) -
k= E 20 - y
g 15 4 *i 2 i
< o a
s 10 s 10
< <
T 5 as)
0 - 0 A
g g | g
22 £y 22 22
L o 5 on © g =S
S = I RO g ¥
3z 2z sz 2:
g E @ g - g

mm Control group

Observation group

mm Control group

Observation group

F1GURE 3: Comparison of the psychological status between the two groups. The HAMA score and HAMD score were compared with the two

groups in nursing work quality before and after mode management.

150

100

50

Overall nursing satisfaction (%)

0 -

Control group

T
Observation group

FiGUuRre 4: Comparison of overall nursing satisfaction. The overall nursing satisfaction was compared with the two groups after mode

management.

TaBLE 5: Comparison of overall nursing satisfaction (cases, %).
Group Control group (n=75) Observation group (n="75) XZ P value
Especially satisfied 29 (38.67) 46 (61.33) — —
Quite satisfied 18 (24.00) 19 (25.33) — —
Generally satisfied 13 (17.33) 7 (9.33) — —
Not satisfied 15 (20.00) 3 (4.00) — —
Overall nursing satisfaction 80.00% 96.00% 4.319 0.032

accurately track patient conditions, reduce unnecessary
waste of time and resources, significantly improve the sense
of responsibility and job satisfaction of nursing staff, and lay

the foundation for rationalizing the allocation of nursing
workers. At the same time, a reasonable and flexible
scheduling system can promote the nursing staff to
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FIGURE 5: Comparison of adverse events. The adverse events were compared with the two groups after mode management.
TaBLE 6: Comparison of adverse events (cases, %).

Group Control group (n="75) Observation group (n="75) ¥ P value
Fall 6 (8.00) 3 (4.00) — —
Drop from bed 2 (2.67) 1(1.33) — —
Compression injury 1(1.33) 0 (0.00) — —
Infusion tube fell off 0 (0.00) 1(1.33) — —
Wound infection 3 (4.00) 1.(1.33) — —
Blood clots 1(1.33) 0 (0.00) — —
Incidence of adverse reactions 17.33% 8.00% 4.160 0.000

coordinate the relationship between life, work, and family,
which is beneficial to reducing the sense of empathy fatigue
among nursing staff and increasing job satisfaction and self-
confidence.

Elderly patients need long-term bed rest after splint
fixation after a fracture because limb function is limited and
it is easy to produce depression, anxiety, and other bad
emotions. In addition, due to the long postoperative re-
covery time, there will be pain and adverse events during the
recovery, further increasing the psychological burden of
patients and affecting the prognosis and quality of life.
HAMA, HAMD scale, as one of the authoritative mental
health test scales in the world, uses multiple aspects to reflect
the degree of depression and anxiety, allowing people to
quickly determine their own mental health state. Ding and
Wang et al. [24] adopted a holistic nursing mode of in-
tervention for patients with chronic pulmonary heart disease
combined with heart failure, which can significantly im-
prove the clinical symptoms of patients, relieve their neg-
ative emotions, increase the compliance of treatment and
prognostic care, and improve their living standards. The
results showed that HAMA and HAMD scores in the two
groups after management were significantly lower than
those before management, and HAMA and HAMD scores in
the observation group were significantly lower than those in
the control group. The overall nursing satisfaction of the
observation group was significantly higher than that of the
control group. The incidence of adverse events in the ob-
servation group was significantly lower than that in the
control group. Consistent with the research results of Ding

and Wang et al,, it indicates that the application of holistic
nursing mode of responsibility system in elderly patients
with limb fracture emergencies can relieve their depression,
anxiety, and other emotions; reduce the incidence of adverse
events; and improve their satisfaction with nursing services.
The holistic nursing model of responsibility system can pay
comprehensive and systematic attention to patients’ phys-
iological and psychological changes through a clear division
of responsibilities. The whole process of tracking and taking
special nursing services with patients and their families is
intended to establish a harmonious, kind doctor-patient
relationship, increase patients’ awareness of the disease
and confidence, and relieve the psychological pressure on
patients. Timely adjustment of rehabilitation nursing
training programs and indicators reduces the risk of adverse
events and improves patients’ recognition of and satisfaction
with nursing work.

To sum up, the elderly patients with limb fractures
treated with traditional Chinese medicine splint fixation
emergency management system holistic nursing model. On
the one hand, it can standardize the working process and
operation of nursing staff, optimize their own professional
skills, improve their job satisfaction, and improve their work
enthusiasm. On the other hand, it can provide compre-
hensive, systematic, and scientific high-quality nursing
services for fracture patients, improve their psychological
state, reduce the incidence of adverse events, and meet their
clinical nursing needs. However, the sample size of this study
is limited, so it is necessary to expand the sample size to
explore its universality. In addition, no systematic
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In medicine, the count of different types of white blood cells can be used as the basis for diagnosing certain diseases or evaluating
the treatment effects of diseases. The recognition and counting of white blood cells have important clinical significance. But the
effect of recognition based on machine learning is affected by the size of the training set. At present, researchers mainly rely on
image rotation and cropping to expand the dataset. These methods either add features to the white blood cell image or require
manual intervention and are inefficient. In this paper, a method for expanding the training set of white blood cell images is
proposed. After rotating the image at any angle, Canny is used to extract the edge of the black area caused by the rotation and then
fill the black area to achieve the purpose of expanding the training set. The experimental results show that after using the method
proposed in this paper to expand the training set to train the three models of ResNet, MobileNet, and ShuffleNet, and comparing
the original dataset and the method trained by the simple rotated image expanded dataset, the recognition accuracy of the three
models is obviously improved without manual intervention.

1. Introduction

Human blood contains components such as plasma, red
blood cells, white blood cells, and platelets. Although white
blood cells only account for 0.2% of whole blood, they play
an important role in protecting human health [1]. White
blood cells are generally divided into neutrophils, eosino-
phils, basophils, monocytes, and lymphocytes [2], and
changes in these cell counts can be used as the basis for
diagnosing certain diseases or evaluating the therapeutic
effect of certain diseases [3-9]. Therefore, the accuracy and
efficiency of white blood cell detection and classification are
very important for the auxiliary diagnosis of diseases [10].

The traditional method of white blood cell classification
is mainly the staining method, which stains blood cells and
then identifies and counts them under a light microscope
[11]. This method has a large workload, low efficiency, and
high requirements for practitioners, and the effect of clas-
sification and counting is easily affected by human factors

[12]. At present, there are many computer-aided methods
for the classification and counting of white blood cells. Early
computer-aided methods were mainly based on morphol-
ogy, in which the shape, color, and other characteristics of
white blood cells are artificially analyzed, and morphological
processing is used to separate white blood cells from the
background to achieve the purpose of classification, such as
the method proposed in the literature [13-16]. With the
development of machine learning technology, some ma-
chine learning-based white blood cell classification methods
have emerged.

The main work of these methods is to design a model, use
the training set to train it, get a model that performs better
on the training set, and then use the test set to test the
classification effect of the model. For example, Patil et al.
used the CCA (canonical correlation analysis) method based
on the CNN-LSTM network structure to address the issues
of multiple cells overlap to improve the recognition accuracy
[17]; Su et al. used morphological correlation operations to
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extract the characteristics of white blood cells and then
brought them into three kinds of neural networks to achieve
the purpose of classification [18]; Jiang et al. proposed a new
CNN model combining a batch normalization algorithm
and residual convolution structure [19]; Liang et al. pro-
posed a CNN-RNN framework to fully extract image fea-
tures recursively to achieve better classification accuracy
[20]. When there is enough computation and dataset, ma-
chine learning can replace the manual extraction of image
features and can have higher efficiency than complex pro-
gramming to extract image features manually [21].

The classification effect of machine learning is affected by
the number of samples in the training set. When the number
of samples in the training set is small, the problem of
underfitting will occur [22], resulting in low learning accuracy
and a poor classification effect. Currently, there are three
main sources of white blood cell image data: (1) own dataset
[19]; (2) BCCD original dataset [23-25]; (3) the white blood
cell image is generated by the DC-GAN (deep convolutional
generative adversarial network) algorithm, the BCCD original
data are rotated and cropped, and the two are mixed into a
dataset [25]. The own dataset is relatively small, and it is not
easy for nonmedical personnel to obtain real white blood cell
images; the BCCD original dataset is also relatively small, with
only 346 images; since the dataset generated by the DC-GAN
algorithm is not real white blood cell imaging, it is still
necessary to manually check whether the generated image is
close to the real white blood cell. In order to solve the problem
of the small white blood cell dataset, the commonly used
method is to rotate the image on the basis of the BCCD
original dataset to achieve the purpose of expanding the
dataset: the first method is to rotate the image horizontally
and vertically [25]. Due to the limited rotation angle, the
expansion of the dataset is also limited. The second method is
to randomly select an angle to rotate the image in the range of
0-360°. This method will greatly expand the dataset, but the
rotated image will have a black area, as shown in Figure 1.
These black areas have obvious boundaries, which may be
used as image features for classification, thereby affecting the
classification effect. In order to eliminate the influence of the
black area, some researchers have adopted a clipping method
to completely remove the black area and retain only the white
blood cell image, as shown in Figure 2. This method requires
manual intervention and is inefficient. The third method is to
multiply the image by the rotation matrix [20]. This method
will cause obvious image deformation, resulting in a large
change in the morphological characteristics of white blood
cells, which in turn affects the classification accuracy, as
shown in Figure 3.

In the experimental phase, the impact of a small
dataset also exists. Now scholars generally divide the ex-
panded dataset into a training set and a test set in pro-
portion, that is, the test set to verify the effect of the model is
the white blood cell images processed by a certain method,
not the original image. For example, using the method of
randomly rotating the image to expand the dataset, the
images in the test set were also rotated and also contain the
black area left after the rotation. The real situation is that the
images first obtained by medical institutions are all original
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FIGURE 1: Rotated image.

)

FIGURE 2: Cropped image.

g
& -

FIGURE 3: Image rotated by rotation matrix.

.

images that are not rotated. If you want to achieve the effect
in the experiment, you need to randomly rotate the original
image, which reduces its efficiency.

This paper proposes a new method for expanding the
training set of white blood cell images that can achieve the
purpose of expanding the training set without manual in-
tervention while retaining the morphological characteristics
of white blood cells. First, rotate the white blood cell image
randomly, and then use the Canny edge detection algorithm
[26] to extract the edge of the black area in the image. Then,
count the pixel values that appear most frequently in the
unrotated image. Along the edge of the extracted black area,
fill the black area in the rotated image with a random value
near the pixel value obtained by the above statistics. Finally,
obtain an image with the characteristics of the black area
eliminated so as to achieve the purpose of expanding the
white blood cell image dataset. Use this dataset to train a
machine learning model. This paper is organized as follows:
Section 2 presents the techniques and methods followed to
achieve the research goals; in Section 3, we present exper-
imental results and discussions; the paper concludes in
Section 4 at the end.

2. Method

This section describes the method of expanding the white
blood cell image dataset. In order to ensure the initial
characteristics of white blood cells to the greatest extent, this
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paper rotates the image around the center point as a whole.
In order to eliminate the possible influence of the black area
caused by rotation on the classification effect, this paper
counts the pixels with the most occurrences in the unrotated
image and uses a random value near the pixel to fill the black
area. The working flow chart of this method is shown in
Figure 4.

2.1. Image Rotation. The rotation method in this paper takes
the image center point as the axis and rotates by a specific

cos 0

[X, Yy 1]=[X Y 1] sin 0

angle. The formula is shown in equation (1), where x0, y0,
and 1 represent the abscissa, ordinate, and dimension of the
pixel after rotation. x, y, and 1 represent the abscissa, or-
dinate, and dimension before rotation. W and H represent
the width and height of the image. 6 represents the rotation
angle. After image rotation, use bilinear interpolation [27] to
enhance image quality. The rotated image is shown in
Figure 5, and the image is hereinafter referred to as
IMG_Rotated.

—sin 6 0
cos 6 0| (1)

—0.5W cos 8 —0.5H sin 6+ 0.5W 0.5W sin 8 — 0.5H cos 6 + 0.5H 1

2.2. Edge Extraction. After the image is rotated, an obvious
black area will appear. Intuitively, the RGB pixel value of this
area is #000000. However, when the RGB pixel value of
#000000 is used as the judgment condition to fill the black
area, it is difficult to fill the edges of the black area, as shown
in Figure 6. This paper uses the Canny algorithm to extract
the edge of IMG_Rotated, then fill the black area with the
edge as the starting point. The Canny algorithm is divided
into the following steps:

(1) Gaussian filter: For a pixel located at (x,y), its gray
value is f(x,y) and the gray value after Gaussian
filtering becomes

_ 1 (—x2+y2/202)
X, y) = —=e - f (%)
9o (%, y) oot fxy) (2)

(2) Calculate gradient value and gradient direction:
Calculate the gradients in the horizontal and vertical
directions, respectively, and comprehensively obtain
the final gradient value and gradient direction, see
(3) and (4), where gx(x,y) and gy(x,y) are the gra-
dients in the horizontal and vertical directions, re-
spectively. The result of (4) is the gradient direction.

G(%3) =g, (1) + g, (%, )", 3)
0 = arctan M (4)
9x (%, )

(3) Filter nonmaximum values.

(4) Use upper and lower thresholds to detect edges.

It sets two thresholds: maxVal and minVal. The pixels
above maxVal are detected as edges, and the pixels below
minVal are detected as nonedges. For a pixel in the middle,
if it is adjacent to a pixel determined to be an edge, it is
determined to be an edge; otherwise, it is a nonedge. The
edge extracted using the Canny algorithm is shown in
Figure 7.

2.3. Pixel Filled. There are a lot of monotonous backgrounds
in the white blood cell image; see Figure 8. The box is the
background, and the pixel value with the most occurrences
in the original image is obtained by statistics. We use this
pixel value as the pixel value of the image background and
use a random value N near the pixel value as the filled pixel
value. After obtaining the edge pixels of the black area, count
the values of the pixels around the edge pixels and fill in the
horizontal or vertical direction with small pixel values until
the edge of the image, as shown in Figure 9. The effect of
pixel filling is shown in Figure 10. It can be seen from
Figure 10(b) that, using the method in this paper, the edges
of the black area are well filled.

3. Experiment

3.1. Experiment Environment. The experimental environ-
ment of this paper is as follows:

(i) CPU: Inter Core i5-11600 KF
(if) RAM: 16G
(iii) GPU: NVIDIA GEFORCE 1050Ti
(iv) Operating system: Windows 10 64 bit
(v) Python: 3.9
TensorFlow: 2.6.0

3.2. Dataset. This paper uses three sets of datasets, namely,
the BCCD original image dataset, the randomly rotated
image dataset, and the image dataset processed by the
method in this paper. In order to restore the real application
scenario, the BCCD original image dataset is divided into a
training set and a test set using 10-fold cross-validation. The
randomly rotated image and the image dataset processed by
the method in this paper are used as the training set, and the
BCCD original image dataset is used as the test set, so as to
ensure that the test images used are the original, unprocessed
white blood cell images when verifying the effect. The
datasets are shown in Table 1, the four different types of
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FIGURE 4: Working flow chart.
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Image ) Canny edge
rotate detection

LY

FiGure 5: Rotated image.

FiGure 6: Fill black area directly. (a) The image obtained by directly filling the area with the RGB pixel value of #000000. (b) The image
obtained by directly filling areas with pixel values below 30.

FIGURE 7: (a) The image of rotated white blood cells. (b) The image after extracting black area edges using Canny.
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FIGURE 8: Original image of white blood cells.

177 0 0
—

178 167 0
—

183 174 187

FiGure 9: Fill black area (the arrow is the fill direction, it is also possible to fill in the vertical direction).

FIGURE 10: Filled white blood cell image.

TaBLE 1: Datasets.

BCCD original image Image dataset processed by the algorithm in

Randomly rotated image dataset

dataset this paper
Eosinophil 79 2497 2497
Training ~ Lymphocyte 30 2483 2483
set Monocyte 18 2478 2478
Neutrophil 185 2499 2499
Total 312 346 346
Eosinophil 8 87 87
Lymphocyte 3 33 33
Test s oy 2 20 20
Neutrophil 21 206 206
Total 34 346 (all fromd;}t1aese13t§ICD original 346 (all from the BCCD original dataset)

white blood cells included in the datasets are shown in

Figure 11, and the images included in the three datasets are _ TruePositive + TrueNegative

shown in Figure 12. VA= TotalSamples ’ (5
3.3. Evaluation Indicators. In this paper, four parameters: - TruePositive , (6)
loss, validation accuracy (VA), precision (P), and recall (R), TruePositive + FalsePositive

are used as evaluation indicators. This paper uses the cross- TruePositi

entropy loss function, and the calculation formulas for VA, ruebositive

(7)

P, and R are shown in equations (5)-(7). ~ TruePositive + FalseNegative
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FIGURE 11: Images from three datasets. (a) The BCCD original image. (b) The randomly rotated image. (¢) The image processed by the

method in this paper.
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FIGURE 13: ResNet50 model loss value curve.

3.4. Experimental Results and Discussion. This paper uses
three models of ResNet50 [28], MobileNet [29], and Shuf-
fleNet [30] to verify the method. Each model is trained for
100 epochs, the learning rate is 0.005, and (n) is 30. The loss
value, VA, P, and (r) verification results of each model are
shown in Figures 13-24. All the ordinates in the picture are
the values obtained during testing.

It can be seen from Figure 13 and 17 that, after training
ResNet50 and MobileNet using the dataset generated by the
method proposed in this paper, the loss curve of the test is
stable, good convergence can be obtained, and the loss value
is the smallest. As can be seen from Figure 21, after the

(© (d)

0.8 A

o
=N
.

accuracy

0.4 4

0.2 4

0 20 40 60 80 100
epochs
—e— BCCD_original_accuracy

—»— rotate_image_accuracy
—m— our_algorithm_accuracy

FiGURE 14: ResNet50 model VA value curve.

ShuffleNet model is trained on the dataset generated by the
method proposed in this paper, although the loss value curve
fluctuates more than the loss value curve after training with
the BCCD original image dataset, the loss value is the
smallest in most cases. As can be seen from Figures 13-16,
when ResNet50 is trained using the BCCD original image
dataset, the loss value of the test cannot achieve good
convergence, and the VA, P, and R values have large fluc-
tuations, so a stable prediction effect cannot be obtained. As
can be seen from Figure 17, when the BCCD original image
dataset trains the MobileNet, the gradient explosion occurs
in the 13th epoch loss function, the loss value rises sharply,
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F1GURE 16: ResNet50 model R value curve.

and its VA, P, and R values all drop significantly. As can be
seen from Figure 21, when the ShuffleNet is trained using the
rotated image dataset, at the 73th epoch, the loss function
has a gradient explosion, the loss value rises sharply, and its
VA, P, and R values all drop significantly. Looking at
Figures 13-24, using the dataset generated by the method in
this paper to train the three models did not experience a
gradient explosion. After training with multiple epochs, the
loss value, VA, P, and R values can all reach a relatively stable
state and have good robustness. When training the ResNet50
and MobileNet, the loss value is the smallest, and the VA, P,
and R values are the largest. When training the ShuffleNet,
the loss value is also the smallest most of the time, and the
VA, P, and R values are the largest.
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FiGure 17: MobileNet model loss value curve.
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FiGURE 18: MobileNet model VA value curve.

We use (8) to make a quantitative evaluation of the
improvement in loss, VA, P, and R values. Based on the loss
value, VA, P, and R values obtained by training the three
models on the BCCD original image dataset, calculate the
value of each parameter improvement of the 20 epochs after
stabilization; this paper uses the 80th epoch to the 100th
epoch. Pan is the loss value, VA, P, or R at the nth epoch
using the rotated image dataset or the dataset generated by
the method in this paper; Bn is the loss value, VA, P, or R at
the nth epoch using the BCCD original dataset; the total
training times of epochs and the results are shown in
Table 2-4.

I= Zln:g ( (Pan - Bn)/Bn)‘ (8)
20
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It can be seen from Table 2-4 that when the rotated
image dataset is compared with the original BCCD
dataset, the VA, P, and R values are significantly im-
proved, except that the loss value in the ShuffleNet is not
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improved. Using the dataset generated by the method in
this paper to train the three models, the loss value, VA, P,
and R values are further improved compared with the
rotated image dataset.
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TaBLE 2: The effect of ResNet improvement.

Using rotated image dataset Using the dataset generated by the method in this paper

Loss
VA

—61.4%
181.84%
186.49%
206.01%

-74.07%
194.69%
198.89%
221.14%

TaBLE 3: The effect of MobileNet improvement.

Using rotated image dataset Using the dataset generated by the method in this paper

Loss
VA

—-29.96%
126.89%
127.93%
124.84%

-34%
143.29%
145.06%
141.95%
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TaBLE 4: The effect of ShuffleNet improvement.
Using rotated image dataset (%) Using the dataset generated by the method in this paper (%)
Loss 54.77 35.31
VA 74.24 93.98
P 70.64 91.15
R 73.49 92.88

4. Conclusion

White blood cell image classification based on machine
learning has important clinical significance, but for non-
medical practitioners, it is difficult to obtain white blood cell
image datasets for training and learning, and the size of the
dataset affects the training and validation of the model. This
paper proposes a white blood cell dataset expansion method,
which uses the black area edges that appear after image
rotation and the original image pixels to count and fill the
black area, so as to reduce the possibility of the black area
generated by rotation as a feature affecting the classification
effect. Experiments show that the dataset obtained by using
the method in this paper is used for ResNet, MobileNet, and
ShuffleNet training, and the model obtained by training has
better robustness and the prediction accuracy is significantly
improved.

The main idea of the method in this paper is to use white
blood cell images with a large number of monotonous
backgrounds; image rotation will produce black areas, and
the obvious edges between this area and the original image;
fill the black area with pixels from the edge as the starting
point, and then study images with the same characteristics in
other fields to study the possibility of applying this algorithm
in other fields.
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Objective. A retrospective cohort study was conducted to analyze the application value of Python programming in general
education and comprehensive quality improvement of medical students. Methods. A retrospective analysis was made on the
application value of Python programming in the general education classroom of medical students from September 2020 to July
2021 by undergraduate students majoring in anesthesia in grade 2020, imaging in grade 2019, clinical in grade 2020, and
laboratory sciences in grade 2020 in our university. A hundred students who used Python programming in general education class
were divided into study group and control group. The teaching satisfaction, medical knowledge and lifelong learning ability,
clinical skills, medical service ability, disease prevention, health promotion ability, interpersonal communication ability, and
information management and research ability were compared between the two groups. Results. In a comparison of teaching
satisfaction between the two groups, the study group was very satisfied in 89 cases, satisfactory in 10 cases, and general in 1 case,
and the satisfaction rate was 100.00%; the control group was very satisfied in 54 cases, satisfactory in 23 cases, general in 13 cases,
and dissatisfied in 10 cases, and the satisfaction rate was 90.00%. The teaching satisfaction in the study group was higher than that
in the control group, and the difference was statistically significant (P <0.05). Compared with the control group, medical
knowledge ability (basic knowledge, general education, and professional knowledge) and lifelong learning ability (learning
concept and professional learning attitude) in the research group were significantly higher than those in the research group
(P <0.05). The scores of clinical skills (medical history analysis, basic diagnosis, treatment techniques, and disease analysis) and
medical service ability (first aid ability, comprehensive analysis ability, and disease analysis ability) in the study group were
significantly higher than those in the control group (P < 0.05). In terms of the ability of disease prevention and health promotion,
the scores of disease prevention (health guidance, health education, and self-care) and health promotion ability (cooperative
participation in diagnosis and treatment, guidance of medical and health work, and rational use of health resources) in the study
group were higher than those in the control group, and the difference was statistically significant (P < 0.05). In the comparison of
interpersonal communication ability, the scores of listening, expression, understanding, trust, medical terminology, and
communication ability in the study group were higher than those in the control group, and the difference was statistically
significant (P < 0.05). Comparing information management with research ability, the scores of information management ability
(searching information, screening information, and sorting information) and research ability (arrangement ability, planning
ability, and execution ability) in the research group were higher than those in the control group, and the data difference was
statistically significant (P <0.05). Conclusion. The application of the Python programming method in general education and
comprehensive quality improvement of medical students can effectively improve medical students’ teaching satisfaction and
medical knowledge such as lifelong learning ability, clinical skills, medical service ability, disease prevention, health promotion
ability, interpersonal communication ability, and information management and research ability, which has a positive impact on
the improvement of comprehensive quality.
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1. Introduction

Talent training has always been the basic and primary
function of universities. Scientific and technological prog-
ress and economic development not only provide oppor-
tunities and space for the development of higher education
but also put forward higher requirements for it. The existing
higher education model attaches importance to professional
education, which leads to defects such as weak foundation,
low quality, and narrow vision, which cannot meet the needs
of society [1]. In order to change the situation that the
training of talents is too narrow and too specialized, China
has carried out the pilot work of strengthening the cultural
quality education of college students in 52 colleges and
universities since 1995. Since then, cultural quality education
has become the focus of higher education reform and re-
search. Cultural quality education is mainly put forward in
view of the fact that higher education puts too much em-
phasis on professional education while neglecting to culti-
vate students’ comprehensive literacy, which aims to
improve the quality of students’ all-round development [2].
Although some scholars deliberately distinguish “general
education” from “cultural quality education,” they are es-
sentially the same. In other words, cultural quality education
is the “Chinese version” of general education. The local
comprehensive university, which plays an important role in
China’s higher education, aims to cultivate compound ap-
plied talents. This kind of talent needs “both knowledge
application and theoretical innovation” and “the combi-
nation of learning and application, the combination of
learning and creation.” They pay attention not only to the
ability of practical application but also to the comprehen-
siveness of humanities and literature. The development of
general education provides the most scientific and suitable
training environment for this kind of talents [3, 4].
General required courses mainly include English,
ideological and political courses, physical education, Chi-
nese, and computer basics. General elective courses are
composed of five modules: innovation and leadership, hu-
manities, social sciences, natural sciences, and art appreci-
ation [5]. The general courses of other comprehensive
universities in China also basically adopt the mode of
combining general compulsory courses with general elective
courses, but there are some differences in the offering of
specific general courses and, especially, the differences in the
module design of general elective courses are slightly ob-
vious; however, they are basically the same [6]. The tradi-
tional teaching mode ignores the cultivation of students’
computational thinking, which is an extension of a person’s
ability to solve problems. People refocus to develop their
creativity and critical thinking ability. Students use com-
putational thinking, algorithms to solve problems, and
computing to solve problems. Python is an object-oriented,
interpretive, high-level computer programming language,
which was invented by Guido van Rossum in 1989 and
published its first public release in 1991. Python program-
ming has been used in the classroom of higher education in
our country in the past, but there are few reports on the
application of general education and comprehensive quality
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improvement of medical students. Some studies have
pointed out that [7, 8] Python programming focuses on
improving students’ English application ability, logical
thinking and language expression ability, scientific research
ability, and traditional cultural literacy, which can effectively
expand their comprehensive quality. Based on this, this
study analyzes the application value of Python programming
in general education and the comprehensive quality im-
provement of medical students through a retrospective
cohort study.

2. Patients and Methods

2.1. General Information. A retrospective analysis was made
on the application value of Python programming in the
general education classroom of medical students from
September 2020 to July 2021 by undergraduate students
majoring in anesthesia in grade 2020, imaging in grade 2019,
clinical in grade 2020, and laboratory sciences in grade 2020
in our university. One hundred students who adopted Py-
thon programming in the general education classroom were
divided into the study group and the control group. In the
control group, the age was 19-21 years old, with an average
of 20.34+0.63 years, including 43 males and 57 females,
while in the study group, the age was 19-21 years old, with an
average of 20.15+0.56 years, including 45 males and 55
females. There was no statistical significance in the general
data of the two groups of students.

2.2. Treatment Methods. Routine teaching methods were
used in the control group. The research group adopts the
Python programming method in the general education
classroom as follows. (1) Literature research method: at the
beginning of the research, this article uses the literature
research method, collects and selects a large number of
related data and other databases in the knowledge network,
carefully studies and understands the literature published by
the predecessors, deeply studies and extends, and obtains its
own views based on a large number of readings and ac-
cumulating strength and with the support of relevant the-
ories. The literature research method is used to analyze the
articles and viewpoints of different scholars in the early stage
and carefully study the current research situation, concept
definition, theoretical basis, typical teaching mode analysis,
and other aspects, taking the learned experience and theory
as the basis of constructing the teaching model of Python
course, as a valuable reference and reference for this re-
search. (2) Questionnaire method: in the study, according to
the needs, the method of questionnaire survey was used to
investigate the teachers and students. Before designing the
Python course teaching model, a questionnaire survey was
conducted to understand the students’ comprehensive
ability, analyze the learners, and provide relevant data for the
follow-up experiments. In addition, according to the current
teaching situation and demand for general education course
Python and the effect after implementing the teaching
model, we send out a questionnaire to understand the
changes of students’ comprehensive ability. After the
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questionnaire is collected, we use SPSS to do statistical
analysis of the survey data and obtain quantitative survey
results, such as students’ learning performance and com-
putational thinking ability, in order to better modify and
improve the teaching model. (3) Interview method: after the
educational experiment, the students were interviewed to
understand the students’ feelings about the Python course
and listen to the students’ suggestions. A comprehensive
evaluation of the teaching model in the process of the in-
terview will facilitate a better understanding of the factors
that affect computational thinking and find out the problems
and deficiencies in the teaching model. (4) Educational
experiment method: the Python curriculum teaching mode
of cultivating computational thinking is applied to the
general education teaching, the control class and the ex-
perimental class are set up in the practice school, the tra-
ditional teaching mode of the practice school is followed in
the control class, and the Python curriculum teaching model
of junior middle school is implemented in the experimental
class. Before the beginning of the experiment and after the
end of the experiment, the questionnaires of the two groups
were collected to evaluate the teaching effect.

2.3. Observation Index

2.3.1. Teaching Satisfaction [9]. Teaching satisfaction can be
divided into four levels: very satisfied, satisfied, general, and
dissatisfied. Students are asked to score teaching methods,
teaching effects, and teaching results, with 0-70 as dissat-
isfied, 71-80 as general, 81-90 as satisfactory, and more than
90 as very satisfied. Satisfaction rate=very satisfaction
rate + satisfaction rate + general rate.

2.3.2. Medical Knowledge and Lifelong Learning Ability [10].
Medical knowledge includes basic knowledge, general ed-
ucation, and professional knowledge; lifelong learning
ability includes learning concept, professional skills learning,
and learning attitude. Each dimension was scored by Likert
score: very good, good, neutral, poor, and very poor, cor-
responding to 5, 4, 3, 2, and 1 points, respectively.

2.3.3. Clinical Skills and Medical Service Capacity [11].
Clinical skills include medical history analysis, basic diag-
nosis and treatment techniques, and disease analysis;
medical service ability includes first aid ability, compre-
hensive analysis ability, and disease analysis ability. The 5-
point Likert score method was used to score each dimension:
very good, good, neutral, bad, and very bad, corresponding
to 5, 4, 3, 2, and 1 points, respectively.

2.3.4. Health Education and Cooperation Ability [12].
The scope of health education includes the ability to provide
health guidance, health education, and self-care to the
public, and health promotion capacity includes the ability to
cooperate with frontline physicians to participate in diag-
nosis and treatment and to assist medical staftf and the health
system and the ability to make rational use of health

resources in the current environment.The 5-point Likert
score method was used to score each dimension: excellent,
very good, good, not bad, and bad, corresponding to 5, 4, 3, 2
and 1 points, respectively.

2.3.5.  Interpersonal ~ Communication — Skills ~ [13].
Interpersonal communication ability is divided into six
dimensions: listening, expression, understanding, trust,
medical terminology, transmission of information, 20 points
in each dimension; the higher the score, the stronger the
academic interpersonal communication ability.

2.3.6. Information Management and Research Capabilities
[14]. Information management ability includes searching
information, screening information, and collating infor-
mation; research ability includes arrangement ability,
planning ability, and execution ability. The 5-point Likert
score method was used to score each dimension: excellent,
very good, good, not bad, and bad, corresponding to 5, 4, 3,
2, and 1 points, respectively.

2.4. Statistical Analysis. After sending and collecting the
questionnaire, input it with EpiData3.1 software, set up the
database, and correct the logic error. Statistical analysis was
carried out with SPSS22.0 statistical software. A t-test was
used to compare the counting data between the two groups.
In terms of counting data, it is expressed by # (%), and y 2
test is used to test the counting data. The difference was
statistically significant (P <0.05).

3. Results

3.1. Comparison of Teaching Satisfaction. We compared the
teaching satisfaction of the students in the two groups. The
study group was very satisfied with 89 cases, satisfactory 10
cases, and general 1 case, and the satisfaction rate was
100.00%; the control group was very satisfied with 54 cases,
satisfactory 23 cases, general 13 cases, and dissatisfied 10
cases, and the satisfaction rate was 90.00%. The teaching
satisfaction of the study group was higher than that of the
control group, and the difference was statistically significant
(P <0.05). All the data are shown in Table 1.

3.2. Comparison of Medical Knowledge and Lifelong Learning
Ability. We compared the medical knowledge and lifelong
learning ability of the two groups of students. The scores of
medical knowledge (basic knowledge, general education,
and professional knowledge) and lifelong learning ability
(learning view, professional skills learning, and learning
attitude) in the study group were significantly higher than
those in the control group (P < 0.05). All the data are shown
in Table 2.

3.3. Comparison of Clinical Skills and Medical Service Ability.
We compared the clinical skills and medical service ability of
the two groups of students. The scores of clinical skills
(history analysis basic diagnosis, treatment techniques, and
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TaBLE 1: Comparison of teaching satisfaction between two groups of patients [1/%].
Group N Very satisfied Satisfied General Not satisfied Satisfaction rate
Control group 100 54 (54.00) 23 (23.00) (131:30) 10 (10.00) 90(90.00)
Research group 100 89 (89.00) 10 (10.00) 1 (1.00) 0 100 (100.00)
X2 10.526
p 0.000
TaBLE 2: Comparison of medical knowledge and lifelong learning ability between the two groups of students [x +s, points].
Medical knowledge Lifelong learning ability
Group Cases Basic General Professional Learning Professional skills . .
. . . Learning attitude
knowledge education knowledge view learning
gcr‘z)‘:lt;"l 100 3.21+1.22 3.59+0.35 3.16+0.34 2.96+1.22 3.68:+ 0.65 3.55+0.42
gfgﬁ;“h 100 431+0.12 4.66+0.11 4.51+0.12 4074021 4234021 452+0.12
t 8.973 29.164 37.442 8.966 8.051 22.206
p 0.900 <0.01 <0.01 <0.01 <0.01 <0.01

disease analysis) and medical service ability (first aid ability,
comprehensive analysis ability, and disease analysis ability)
in the study group were significantly higher than those in the
control group (P <0.05). All the data are shown in Table 3.

3.4. Comparison of the Ability of Disease Prevention and
Health Promotion. We compared the abilities of disease
prevention and health promotion between the two groups.
The scores of disease prevention (health guidance, health
education, and self-care) and health promotion ability
(cooperate to participate in diagnosis and treatment, guide
medical and health work, and make rational use of health
resources in the study group) were significantly higher than
those in the control group (P < 0.05). All the data are shown
in Table 4.

3.5. Comparison of Interpersonal Communication Skills.
We compared the interpersonal communication ability of
the two groups. The scores of listening, expression, com-
prehension, trust, medical terminology, and communication
ability in the study group were significantly higher than
those in the control group (P < 0.05). The results of all the
data are shown in Table 5.

3.6. Comparison of Information Management and Research
Ability. We compared the information management and
research ability of the two groups of students. The scores
of information management ability (searching informa-
tion, screening information, and sorting information) and
research ability (arrangement ability, planning ability, and
execution ability) in the study group were higher than
those in the control group, and the data difference was
statistically significant (P < 0.05). All the data are shown in
Table 6.

4. Discussion

General education is a kind of comprehensive education, a
kind of basic education for students to study professionally, a
kind of education to cultivate complete and responsible
citizens, and an education to teach students how to think
systematically about the overall situation, how to judge
carefully, how to communicate effectively, and how to solve
problems creatively [15]. In terms of nature, general edu-
cation has two meanings: one is that Packard’s general
education is a kind of comprehensive basic education, and
the other is that Li Manli and Chen Xiuping’s general ed-
ucation is a kind of nonprofessional education relative to
professional education. In terms of purpose, most domestic
and foreign researchers agree that general education is to
cultivate complete, socially responsible, and free citizens
[16, 17]. In content, general education pays attention to the
education of broad and comprehensive knowledge and
ability, that is, broad access to knowledge in different fields.
In addition to rational knowledge, it also includes the ability
of emotion and will. Although general education has been
implemented in China for more than 20 years, the general
curriculum has also become an indispensable part of uni-
versities; however, so far, principals, administrators, and
teachers have not reached a consensus on general education,
the understanding of general education is still far from in
place; this situation makes our attention to general educa-
tion still stay at the “slogan” level [16]. It is not difficult to see
that the lack of understanding of general education by school
administrators and teachers is the key to restraining stu-
dents’ awareness of general education [18]. School admin-
istrators and teachers’ limited cognition of general education
comes from two factors: one is practical utilitarianism, they
think that practical and “immediate” knowledge is useful,
and the other is professionalism. Deeply influenced by the
education model of the former Soviet Union, it is considered
that it is particularly important for students to specialize in
special skills, and it is a waste of time to take courses other



Journal of Healthcare Engineering 5

TaBLE 3: Comparison of clinical skills and medical service ability between the two groups of students [x + s, points].

Clinical skills Medical service capacity

Group N History Basic diagnosis and Disease First aid ~ Comprehensive analysis Disease analysis
analysis treatment techniques analysis ability ability ability
gcr‘(’)r:;‘ﬂ 100 3.67+1.34 3.47+023 3.66+045  3.44+154 3.44+0.65 3.77+0.12
:re(fﬁ;“h 100 433+0.17 4.43+0.25 4364032 422+0.13 4.89+0.21 4.78+0.07
t 4.886 28.259 12.677 5.046 21.227 72.701
p 0.900 <0.01 <0.01 <0.01 <0.01 <0.01
TaBLE 4: Comparison of disease prevention and health promotion ability [x + s, points].
G Disease prevention Health promotion ability
rou
P Health guidance Health education  Self-care  Participate in  Guide medical ~Rational use of health resources
C group 100 3.44+1.56 3.34+042 3.34+0.33 3.16+1.67 3.77£0.33 3.12+0.18
R group 100 4.35+0.22 4.56+0.17 4.77 £0.06 4.07£0.31 4.66+0.21 4.45+0.44
t 5.776 26.925 42.634 5.357 22.753 27.976
p 0.900 <0.01 <0.01 <0.01 <0.01 <0.01
TaBLE 5: Comparison of interpersonal communication skills between the two groups of students [X + s, points].
Group N Listen Express Understand Trust Medical terminology Transmit information
C group 100 13.6 £3.56 13.46 £2.67 15.4+2.34 14.78 £2.41 14.67 £2.35 14.66 £ 2.56
R group 100 17.4+1.22 16.88 £2.45 18.34 £ 2.11 17.31 +1.25 18.31 +£2.21 17.66 +2.45
t 10.044 9.437 9.235 9.318 11.283 8.466
P 0.900 <0.01 <0.01 <0.01 <0.01 <0.01

TaBLE 6: Comparison of information management and research ability between two groups of students [X + s, points].

Information management

Research ability

Grou N
P Retrieve information Filter information Organize information Arranging ability Planning capacity Executive ability
C group 100 3.56+1.21 3.39+0.31 3.42+0.31 3.10+£1.56 3.31+0.21 3.56 +0.65
R group 100 4.35+0.17 4,56+ 0.31 4.33+0.17 4,53+0.34 4.45+0.31 4.56+0.21
t 6.465 26.687 25.738 8.956 30.446 144.639
P 0.900 <0.01 <0.01 <0.01 <0.01 <0.01

than professional courses. In order to remove the cognitive
barriers, managers, and teachers need to recognize the
sustainable development and variability of students, the
social environment is constantly changing, students are also
constantly changing, and students may not be able to be-
come professionals in a certain field but become a new
generation of young people who can adapt to and lead social
changes. Teachers should also be aware that students’ ability
to adapt and lead social change requires a sense of social
responsibility, broad knowledge, and mindset [19]. In ad-
dition, professional education and general education are not
opposed to each other. Professional education also contains
rich connotations of general education. While imparting
professional skills to students, teachers should explore the
humanistic feelings contained in this course. School general
education administrators and teachers should set up general
awareness and emphasize the development of general ed-
ucation and professional education, and it is particularly
important to have a deep understanding of students’ general

education. The establishment of this awareness requires
schools to strengthen the promotion and promotion of the
general concept of “top-down” and also requires all teachers
and students to participate in general education from the
bottom-up [20].

Cramming teaching is a teaching mode under exami-
nation-oriented education, which is suitable for students
who lack active thinking and enthusiasm in learning, that is,
as long as the students understand what the teacher says, as
long as the students understand what the teacher is saying,
the academic performance will not be too bad, but these
students trained under the cramming teaching mode will
lack the ability to think independently and deal with
problems and things on their own [21]. The understanding
and learning of knowledge only stay on the surface, and will
not dig deeply to ask why, which is extremely disadvanta-
geous to the cultivation of students’ critical thinking and
comprehensive quality [21]. In the 21st century with the
rapid development of information, computational thinking



has become a necessary basic quality for learners. Com-
puting power affects not only all aspects of our lives, but also
all aspects of our future lives. The cultivation of computa-
tional thinking needs a long process, and the teaching model
needs to be constantly modified and improved to meet the
needs of teachers’ teaching and students’ continuous de-
velopment [22].

In previous studies, some scholars pointed out that the
relationship between computer professional research and
development and learning computer science and technology
knowledge is not very close, so they put forward the concept
of computational thinking and think that computational
thinking is helpful to every ordinary people, which is uni-
versal and suitable for professionals and nonprofessionals.
Professor Simon Pipert of the Massachusetts Institute of
Technology was the first researcher to put forward this
concept [23]. After Professor Zhou Yizhen systematically
defined computational thinking, in 2006, Zhou Yizhen, a
Chinese computer scientist at Carnegie Mellon University,
first proposed in Communications of the ACM magazine
that Professor Zhou Yizhen put forward constructive sug-
gestions on the concept of computational thinking. Pro-
fessor Zhou believed that computational thinking has six
characteristics: first, computational thinking is a conceptual
theory. Second, computational thinking is fundamental, not
the ability in people’s stereotype; third, the subject of
computational thinking is human thinking, not computer
thinking; fourth, whether computational thinking is con-
crete and abstract; fifth, the combination of engineering and
mathematical thinking is the source of computer science,
which is the essence of computer science; sixth, computa-
tional thinking is for everyone and can be seen everywhere.
Some scholars have pointed out that computational thinking
is a process of solving problems, including the following
properties: analyzing problems in a way that computers or
other tools can help solve problems; arranging and analyzing
data in a logical way; representing, modeling, and simulating
data in an abstract way; migrating solutions with the help of
algorithmic thinking [24]. In 2015, the American Associa-
tion for International Educational Technology defined
computational thinking from a new perspective, including
problem-solving ability, algorithmic thinking, critical
thinking, cooperative ability, and creativity. Computational
thinking has been redefined. It is emphasized that the
purpose of computational thinking in education is not to
bring students to the leading position in computer science
but to apply their computational thinking skills to other
courses as a habit [25].

Python can be used in Web and Internet development;
desktop interface development; back-end development;
statistics and education. The Python language abandons
complex syntax and chooses one that is clear and rarely
ambiguous. Simple syntax rules are conducive to the
readability of the Python language, and this advantage can be
taken advantage of in large-scale software development [26].
Python is a completely object-oriented language. In Python,
modules, numbers, and strings are all objects. Python has a
powerful standard library, and common types and functions
such as numbers, strings, lists, dictionaries, and files are the
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core of the Python language. In addition, Python has good
interpretation, good compilation, and excellent interaction;
these features give Python more advantages; Python can run
on many platforms, such as Windows, MacOs, and Linux.
With the continuous development and update of Python,
some new features have been added, which are more favored
by independent projects, such as domestic Douban, Zhihu,
fruit shell, and other large websites built in Python language.
Python language is a good interpretation of the idea of
simplicity, and its simplicity allows users to better focus on
the solution of the problem rather than the language itself
[26]. For learners, the Python language is easier to teach.
Python language strengthens the algorithm implementation
of problem-solving and weakens grammar rules. With the
development of technology, open-source software has more
vitality, and users can adopt Python to write and read
programs for free. The features of the Python high-level
language make it possible to employ it without considering
the underlying details, such as the memory used by the
hypervisor [27].

Combined with the results of this study, the teaching
satisfaction of the research group is higher than that of the
control group. Specifically, medical knowledge is superior to
the control group in terms of lifelong learning ability, clinical
skills, medical service ability, disease prevention, health
promotion ability, interpersonal communication ability, and
information management research ability. The analysis
shows that the design of “activities” in the teaching practice
of the Python course can encourage students to decompose
knowledge and problems and solve them step by step.
Similarly, teachers’ activity design is conducive to the overall
grasp of the teaching model and activity theory as the
theoretical basis is conducive to the construction of the
teaching model and ultimately promotes the achievement of
teaching goals and the cultivation of students’ computational
thinking ability. On the other hand, from the perspective of
“activity” design, we can carry out teaching design according
to the proposed teaching model, give full play to the ef-
fectiveness of the teaching model, and achieve the cultivation
and promotion of computing thinking in the Python course
of medical students. Therefore, the construction of the
Python course teaching model of computational thinking
should be closely linked with the activity learning theory,
and the teaching activities should be designed from the
perspective of computational thinking so as to achieve the
purpose of improving the comprehensive quality of students
[28]. The same idea can be found in the diagnostic model
proposed by Ashir Javeed et al. [29], who have applied new
methods to help doctors make accurate decisions in the
diagnosis of heart disease.

In conclusion, the application of the Python program-
ming method in medical students’ general education and
comprehensive quality improvement can effectively improve
medical students’ teaching satisfaction and medical
knowledge such as lifelong learning ability, clinical skills,
medical service ability, disease prevention, health promotion
ability, interpersonal communication ability, and informa-
tion management and research ability, which has a positive
impact on the improvement of comprehensive quality. This
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teaching model is worth popularizing. As this study is a
retrospective analysis, the sample size is small and there is a
certain bias; in addition, it is necessary for a large number of
scholars to continue to expand educational experiments and
expand research objects to carry out educational experi-
ments in different grades and different areas, in order to
turther verify the effectiveness and universality of the model.
In addition, it is necessary to further explore the mea-
surement tools of computational thinking and evaluate the
computational thinking of different students in many as-
pects and dimensions so as to make the evaluation system of
computational thinking more and more perfect. In the fu-
ture, the teaching mode of cultivating computational
thinking ability will be continuously optimized and im-
proved. We hope to make efforts for the promotion of the
Python curriculum and arouse educators’ attention to
computational thinking.
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Objective. To analyze the effect of ureteroscopy and retrolaparoscopy on urinary calculi and infection. Method. A total of 64
patients with urinary calculi and infection who received treatment in our hospital from June 2018 to January 2018 were selected.
According to the different treatment methods, they were divided into two groups: a control group and a study group. The study
group was treated with laparoscopic ureteroscopy, and the control group was treated with ureteroscopy. The surgical results,
complications, renal function, stress response, and inflammatory reaction were compared between the two groups. Results.
Compared with the control group, the study group stone clearance rate was higher, the surgical time was shorter (P <0.05); the
incidence of complications in the study group (23.3%) was lower than that in the control group (5.9%) (P <0.05); there was no
significant difference in kidney function indicators before treatment (P > 0.05); after treatment, the SCR, BUN, NGAL, and Cys-C
indicators of the two groups were significantly increased. Compared with the control group, the study group change was more
obvious, and the difference was statistically significant (P < 0.05); after treatment, the two sets of stress response indicators were
significantly increased, but relative to the control group, the study group stress response indicator was lower (P <0.05); before
treatment, there was no significant difference in inflammatory factors (P >0.05); after treatment, the two sets of inflammatory
factor levels were significantly increased, but relative to the control group, the study group was lower (P <0.05). Conclusion. In the
clinical treatment of urinary stones, ureteroscopy technology and the laparoscopic technique have played an important role. But
the laparoscopic technique is shorter, the stone clearance is higher, and the patient’s renal function can be improved, and the
patient is postoperative. The stress reaction should be small. Therefore, in the clinical treatment of urinary stones and infection,
laparoscopic technical treatment is worth promoting.

1. Introduction

The ureter, urethra, and bladder are prone to highly path-
ogenic disease, and the clinical treatment of ureteral calculi is
focused on [1]. Data show that about 70% of ureteral stones
can be passed naturally. If the past medical history is large, it
is difficult to discharge naturally [2]. At present, urological
equipment is becoming more and more advanced, surgical
technology is improving, and ureteroscopy and laparoscopy
have been widely used [3].

Due to the ureteral mirror crimping stone, the stone residue
is prone to stones, but the laparoscopic urinary tube is cut into
the ureteral tour at the stone, and the ureteral expansion is

blocked above the stone, and there will be little stone residual
phenomenon [4, 5]. However, the current research on the safety
and mechanism of theabovementioned two treatment methods
is limited. The study selection included 64 cases of urinary
stones admitted to our hospital from June 2018 to January 2021,
and theabovementioned two methods were selected. The report
of the analysis of the treatment effects of urinary stones in
infected patients is further discussed in this study.

2. Data and Methods

2.1. General Information. A total of 64 patients with urinary
tract stones complicated by infection who were treated in
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our hospital from June 2018 to January 2018 were selected
and divided into the control group and the study group
according to different treatment methods. The study group
(n=34) had 18 males and 16 females with an average age of
48.5+5.5; the control group (n=30) had 16 males and 14
with an average age of 48.3 + 5.6. This study was approved by
the patients’ consent and the hospital ethics committee, and
the data were comparable (P > 0.05).

Inclusion Criteria: (1) age of 20-72; (2) imaging and
clinical diagnosis of CT and ultrasound, diagnosed as
urinary stones and infected; (3) acceptable forecast
follow-up; and (4) high quality, which can be combined
with the researcher

Exclusion Criteria: (1) congenital ureteral narrow mal-
formation; (2) urinary tuberculosis and ureterodialysis; (3)
combined with hemorrhagic diseases; (4) hepato cutter is
abnormal; (5) kidney damaged features due to consoli-
dation of severe renal water; and (6) surgical
contraindications

2.2. Method

(1) Laparoscopic ureterotomy: the patient is placed in a
supine position, tracheal intubation is anesthetized,
and the dilated ureter bursts at the extraction site of
the lower part of the kidney, which can be freely
descended. The ureter is clamped by the separation
clip, the electric hook is removed longitudinally, the
ureter is cut off, and the stone is taken out. The 5f
double-] tube was inserted through the proximal and
distal ends of the ureteral incision, and absorbable
sutures were selected to suture the ureteral incision,
leaving the abdominal drainage tube.

(2) Ureteroscopic lithotripsy: the patient was placed in a
supine position, and the back was anesthetized with
hard lumbar anesthesia, and an 8/9.8F ureteroscope
was placed in the urethra. Under the guidance of a
zebra wire, it is placed into the patient’s ureter to
control the appropriate perfusion pressure. After the
stone was detected, the holmium laser 400 um fiber
had reached the catheter, and the edge of the stone
was gradually crushed. Finally, the retrograde 5F
double ] tube.

2.3. Observation Indicator

Surgical Results: it includes the operation time, hos-
pitalization time, postoperative analgesic pump, calculi
clearance rate, and polyps discovery rate

Complications: statistical ureteral vacation, fever, in-
cision infection patients, and calculation incidence

Renal Function [6]: 3ml of venous blood is taken,
centrifuged at 3000 rpm for 10 minutes, and an auto-
matic biochemical analysis of serum, serum creatinine
(SCR), blood urea nitrogen (BUN), and apolipoprotein
(NGAL) indicators instrument (Ponzi Medical, model:
PUZS-300X) is used and operated according to the
instruction manual
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Stress Reaction [7]: serum tyrosinase (NE), adrenal
hormone (ACTH), cortical hormone (COR) index,
application of enzyme-linked immunosorbent assay
(ELISA), and fat were provided by American Beckman
Box, and the operation was carried out according to the
instruction manual

Inflammatory Reaction [8]: application of immuni-
mosis for the detection of C-reactive protein (CRP),
automatic biochemical analyzer is applied to detect
white blood cells (WBCs), application of the enzyme
immunization adsorption method to detect interleu-
kin-10 (IL-10)

2.4. Statistical Method. The data were analyzed and pro-
cessed by SPSS22.0 statistical software. The quantitative data
were represented by the mean + standard deviation, the T
test was performed, group data were analyzed by variance,
the X* test was used for qualitative data, two-sided test
statistics were used, and P < 0.05 was different; graphs were
used. Rates were made by GraphPad Prism 8, P <0.05 was
significantly different.

3. Results

3.1. General Data Analysis of Two Groups. In the control
group and research group, gender, age, preoperative culture
positive, and preoperative indwelling double ] tube rate,
there is a statistical significance (P >0.05) (Table 1).

3.2. Surgical Results of Two Groups Were Analyzed in Two
Groups of Hospitalization Time. The time of use of post-
operative analgesia did not show a significant difference
(P >0.05). In the control group and the study group, the
stone clearance was 81.7% and 100%, respectively. In
comparison, the stones of the study group were higher, the
surgical time was shorter, and there was statistical signifi-
cance (P <0.05) (Table 2).

3.3. Comparison of Complications between the Two Groups.
The incidence of complications in the study group was lower
than that in the control group (Figure 1).

3.4. Two-Group Kidney Function Index Contrast. Before the
analysis of kidney function indicators, the two groups of
renal function indicators have no significant difference
(P >0.05). After treatment, SCR, BUN, NGAL, and Cys-C
indicators of two groups were significantly increased.
Compared with the control group, the study group change is
more obvious, and there is a statistical significance of the
difference (P <0.05) (Figure 2).

3.5. Comparison of Two Groups of Oxidative Stress Indicators.
There was no significant difference in oxidative stress in-
dicators between the two groups (P >0.05), and the stress
response indicators in the two groups were significantly
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TaBLE 1: Analysis of the general data of two groups.

Project Control group (n=30) Research group (n=34) X/t p

Gender (male/female) 16/14 18/16 0.682 >0.05

Age 48.3+5.6 48.5+5.5 1.524 >0.05

Preoperative urine culture positive (example, %) 5 (16.7) 5 (14.7) 0.638 >0.05

Introduction double J tube (example, %) before surgery 20 (66.7) 23 (67.6) 1.724 >0.05

TaBLE 2: Analysis of the surgical results of the two groups.

Hospital
stay (day)

Surgery

Count time (min)

Group

Postoperative analgesia

Polyps discovery

Stone clearance (%) rate (%)
0

pump usage time (D)

30
34

49.3+7.8

41.4+5.4
17.625
<0.05

52+1.4

51+£1.3
1.082
>0.05

Control group
Research group
XZ

p

22+0.6

23x0.5
1.824
>0.05

49 (81.7)
68 (100.0)
5.638
<0.05

33 (55.0)
37 (54.4)
0.724
>0.05

25

20

15

%

10

—5

Ureteral
prosthesis
fever
Incision
infection
Incidence

=== Control group

=== research group

FiGgure 1: Comparison of complications between the two groups.

increased after treatment, which should be higher in the
study group than in the control group (P <0.05) (Figure 3).

3.6. Comparison of Inflammatory Response Indexes between
the Two Groups. There was no significant difference in in-
flammatory factors between the two groups before treatment
(P> 0.05),and after treatment, the inflammatory factors in the
two groups were significantly increased, but compared with the
control group, the study group waslower (P < 0.05) (Figure4).

4. Discussion

The treatment of ureteral calculi is particularly special, and
open surgery, ureteroscopy, laparoscopy, and transdermal
nephroscopy are often used [9-11]. Minimally invasive
surgery is used if the patient has contraindications to tra-
ditional surgery [12, 13]. At present, laparoscopy and ure-
teroscopy have been widely used in the treatment of urology,
and ureteroscopic lithotripsy can be operated according to
the characteristics of the human body’s natural cavity and

low wound surface. Combined with laser treatment, it can
effectively crush stones. Stenosis can be treated concurrently,
but ureteral stones are less effective [14, 15]. The main
reasons are that the ureteral walker is long, stones are often
used by ureteral budding polyps, and factors such as ureteral
transformation will also affect the treatment effect. The high
rate of ureteral perforation and tearing enables the clinical
treatment of ureteral mirror crimping stones [16, 17].
Therefore, when choosing the treatment method for ureteral
calculi, the situation of the distal ureter should be com-
prehensively analyzed. Ureteroscopy is widely used in the
treatment of larger ureteral calculi, and the treatment effect
is good and the safety is relatively high [18]. After the end of
the study, the patients were treated with ureteroscopy. No
obvious complications were found, and the prognosis of the
patients was good [19]. During ureteroscopy treatment,
stone movement is common, and the following measures
can be taken to reduce the incidence of stones on stones. The
patient’s position is lower than their head [20]. Second,
perform low-pressure perfusion during operation, main-
taining low-speed flushing. Third, when placing the ureteral
stent, the edge should be placed on the edge of the stone and
should be pressed to the ureteral side [21]. Fourth, when
selecting cases, the specific characteristics of the patients
should be considered, and patients with a combined case
with a stone diameter greater than or equal to 1.0 cm, a fixed
stone, and a longer course of disease should be selected [22].

In urology, laparoscopy has been widely used, which has
accelerated the progress of ureteral diameter technology. It
has the characteristics of fast postoperative recovery and
small damage, which can make up for the defects of tra-
ditional open surgery and be used for the treatment of
ureteral stones [23]. Laparoscopic urinalysis can complete
one-time stones, but laparoscopy is skilled. In this study,
laparoscopy was used to treat patients with ureteral calculi,
and the effect was satisfactory, with a stone clearance rate of
100% and a shorter operation time [24]. This study analyzed
the effects of ureteroscopy and laparoscopy on the prog-
nosis of patients with urinary calculi and infections. The
incidence of complications was consistent with the findings
of other scholars. The results confirmed that laparoscopic
urinary tandem resection had lower complication rates and
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higher surgical success rates compared with ureteroscopic
culprits. Surgery is an invasive treatment, which will
stimulate the body to a certain extent. The patient will be
accompanied by stress, and the immune function of the
patient will be reduced, which will affect the postoperative
recovery. Among them, the activation of the hypothalamus-
pituitary-adrenal axis is mainly due to the stress response,
and the amount of Ne, ACTH, COR, and other hormones
increases significantly, which can reflect the stress state of
the body [25]. This study analyzed the effects of uretero-
scopy and postlaparoscopic techniques on stress response
indicators in patients with urinary calculi and infection. The
results showed that the stress response indexes of the two
groups were significantly increased after treatment, but
compared with the control group, the stress response in-
dexes of the study group were lower (P <0.05). The results
confirmed that after reducing the stress response, the ad-
vantages of laparoscopic technology were more obvious,
causing less damage to the patient and speeding up the
recovery of the disease.

However, after the laparoscopic urine test, pay attention
to the following aspects: (1) accurately locate by X-ray mode
before operation, determine the anatomical signs such as
calculus, kidney compression, lumbar bust, and peritoneum,
and explore the ureter. (2) The cutter is held over the stone
with breakaway pliers to prevent mobilization of the stone
[26]. (3) Shorten the time of the double J tube. After the
double ] tube is placed, the ureteral catheter needs to be
removed. The development of medical technology after the
laparoscopic urine test has the possibility of shortening [27].

5. Conclusion

In the clinical treatment of urinary stones, ureteroscopy
technology and the laparoscopic technique have played an

important role, but the laparoscopic surgery time is shorter,
and the stone clearance rate is higher, and the patient’s renal
function can be improved to a greater degree of kidney
function. The patient’s stress reaction should be small after
surgery. Therefore, in the clinical treatment of urinary stones
and infection, laparoscopic technical treatment is worth
promoting.
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Aphasia after stroke is one of the common complications of cerebral infarction. Early diagnosis and treatment of aphasia after
stroke is of great significance for the recovery of language function. At present, there are different views on the pathogenesis of
aphasia after stroke. Functional magnetic resonance imaging (fMRI) can reflect the brain function, brain tissue metabolism, and
the level of brain local blood flow. It has the advantages of noninvasive, high resolution and sensitivity, low price, and so on. It has
been widely used in the study of sensory aphasia after stroke. This study focuses on the development of functional magnetic
resonance imaging in patients with poststroke aphasia and summarizes the published studies on functional magnetic resonance
imaging in patients with poststroke aphasia. Evidence acquisition: A literature search was conducted in PubMed, Hindawi, PLoS,
IEEE, Wiley, ScienceDirect, Springer, EMBASE, and web of science, with the keywords of “stroke” and “Aphasia” and “functional
magnetic resonance imaging”, “RS fMRI”, or “DTT”, to review the research of functional magnetic resonance imaging in patients
with aphasia after stroke. The results included clinical evaluation, diagnostic scale, and imaging analysis; the study design was a
randomized controlled trial, case series and case report, and observational study. A total of 67 articles were identified in the first
search and 43 after the second search. Based on the analysis of 43 selected articles, 19 articles were included, and 24 articles were
excluded. The selected information is shown in Table 1. Eleven of them did not contain imaging-related data. Six articles are
related review articles. Four studies were conducted on patients without poststroke aphasia. Three studies studied the effect of

poststroke aphasia on patients’ social participation.

1. Introduction

Stroke is caused by cerebral circulation and blood circulation
disorder, which causes cerebral tissue ischemia and hypoxia
to cause softening and necrosis. Incidence rate, disability
rate, and mortality rate are all higher than the study of [1].
With the gradual increase of the aging trend of the pop-
ulation in China, the incidence rate of stroke increases
gradually. Cerebral infarction is the most common stroke
type, accounting for 69.6% to 70.8% [2] of stroke in China.
Aphasia is a common symptom of cerebral infarction, ac-
counting for 21% ~ 38% of patients with acute cerebral in-
farction. Language disorders seriously endanger the physical
and mental health of patients, bring mental and economic
pressure to patients and families, and increase social burden

[3, 4]. Many patients have aphasia. Aphasia refers to ac-
quired language dysfunction, that is, the acquired language
ability. Due to the language processing disorder caused by
the brain damage of language function, the ability to un-
derstand and form language is impaired [5]. Aphasia pa-
tients can have various language or speech disorders, most of
which are limited or even lost in spontaneous language,
naming, retelling, reading, writing, and understanding.
Aphasia seriously affects the daily communication ability of
patients. Language is an indispensable part of cognitive
function. At the same time, it also affects the memory,
understanding, and other functions of patients [6, 7].
Moreover, the occurrence of aphasia seriously affects the
quality of life of stroke patients and their ability to return to
family and society and causes a heavy burden on patients,
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family, and society. Aphasia after stroke is caused by direct
damage to the cerebral cortex or the brain-related network
dysfunction after stroke, and the incidence rate is about 30%
[8,9] of stroke patients. Early diagnosis and treatment of
aphasia after stroke is of great significance for the recovery of
language function, Table 1.

In recent years, functional magnetic resonance has made
some achievements in the diagnosis and treatment of
poststroke aphasia. Functional brain imaging, such as
functional magnetic resonance imaging (fMRI), is a popular
method to study aphasia. FMRI mainly includes diffusion
tensor imaging (DTI) and blood-oxygen-level-dependent
(BOLD) imaging. DTI is the only new magnetic resonance
imaging technology developed rapidly in recent years, which
can image the structure of brain white matter in vivo. It
provides the possibility to study brain white matter fibers
and makes up for the shortcomings of other neuroimaging
technologies in this regard. It uses the diffusion anisotropy of
water molecules in biological tissue to image the biological
tissue structure, which can provide white matter fiber in-
formation that other neuroimaging technologies cannot
provide and can visualize the white matter fiber neural
pathway in 3D. Therefore, DTI has become one of the most
popular fMRI techniques in brain function research and
clinical application. Resting-state functional MRI (rs-fMRI)
belongs to BOLD fMRI. Because the detection of rs-fMRI
does not require the patient to perform specific language
tasks, it is simple and easy, and the patient’s compliance is
good. It has developed rapidly in recent years. It has become
the most commonly used tool for the study of language
function recovery after stroke and is widely used in the study
of neurological diseases and mental disorders.

However, there is no research on the application of RS
fMRI and DTTI in poststroke aphasia. Therefore, this paper
reviews the research progress of functional magnetic reso-
nance imaging in patients with poststroke aphasia to provide
an overall outline of the impact of fMRI in poststroke
aphasia.

2. Poststroke Aphasia

Modern studies generally believe that poststroke aphasia is a
clinical syndrome of patients with abstract signal thinking
disorder caused by central neuropathy and then loss of the
ability of oral and written expression and comprehension. It
is an acquired language disorder caused by the damage of
language distribution network with extensive language
distribution in the cortex and subcortical structure of lan-
guage dominant hemisphere [10]. Aphasia can be caused by
many diseases, especially stroke. The pathogenesis of aphasia
caused by stroke is mostly caused by the damage of brain
language functional areas and related nerve fibers. Due to the
obstacles in language expression, understanding and related
reading and writing skills, the social ability of stroke patients
with aphasia is affected, which prevents them from returning
to society [11, 12].

Aphasia is the loss or damage of language function
caused by brain damage. It is common in cerebrovascular
diseases, brain trauma, brain tumors, brain

Journal of Healthcare Engineering

inflammation, and so on. Most of the patients are caused
by acute cerebrovascular disease in the left (dominant
hemisphere). Aphasia patients often show different de-
grees of defects in oral expression, listening compre-
hension, retelling, naming, reading, and writing [13].
Clinically, aphasia is divided into Broca aphasia, Wer-
nicke aphasia, conductive aphasia, transcortical motor
aphasia, transcortical sensory aphasia, mixed trans-
cortical aphasia, naming aphasia, and complete aphasia
according to the characteristics of patients’ language
disorders [14, 15].

The pathogenesis of traditional aphasia includes lo-
calization theory and antilocalization theory. Aphasia lo-
calization theory refers to the theory that language
activities are related to specific parts of cerebral cortex, such
as Broca and Wernicke cortical language areas (Gesch-
wind-Wernicke language model theory). Language infor-
mation is introduced into Wernicke area and processed
and transmitted to Broca area by arcuate fiber bundle.
Finally, Broca area processes the information and trans-
forms it into language activities [16]. Most scholars believe
that speech disorders caused by lesions in different parts of
the left cerebral hemisphere have their own characteristics,
including Broca aphasia caused by damage to the Broca
area in the posterior part of the left inferior frontal gyrus,
Wernicke aphasia caused by damage to the Wernicke area
in the posterior part of the temporal transverse gyrus of the
auditory cortex, conductive aphasia caused by damage to
the projection fibers or arcuate bundles between the
temporal-parietal and frontal lobes, and complete aphasia
caused by Broca area, Wernicke area, basal ganglia area,
and insula damage [17-19]. However, localization theory
cannot well explain aphasia caused by subcortical struc-
tures, such as white matter or nuclear lesions. The other is
the antipositioning theory, which holds that language ac-
tivities are formed by the participation of the whole brain;
that is, the occurrence of language dysfunction is not
caused by the damage or loss of function of specific brain
regions but involves the dysfunction of the whole brain
neural network [20]. In addition, the more typical language
neurobiology model is the dual flow structure model
similar to the visual system proposed by Ungerleider and
Haxby in 1994. This model proposes a method to map
auditory speech to the dorsal flow of pronunciation
(movement) and auditory speech to the ventral flow of
semantics; that is, backflow mainly supports speech gen-
eration and speech perception, while the abdominal flow is
responsible for semantic understanding/processing, which
may be more in line with the mechanism of language
network generation and understanding. At present, the
classification of aphasia is mainly divided into Broca,
Wernicke, conductive, transcortical (motor and sensory),
complete, nominal aphasia, and some rare types of aphasia
[21]. Understanding the mechanism and classification of
aphasia is helpful to further explore the changes in brain
function in patients with poststroke aphasia after treat-
ment. At present, functional magnetic resonance imaging is
gradually more and more widely used in the field of
poststroke aphasia.
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TaBLE 1: Literature inclusion.

Authors Study design Authors Study design
Gray M. Case report Frangois C. Retrospective study
Lee J. K. RCT Zhang J. Retrospective study
Inatomi Y. Case report Fridrikson J. RCT
Stampacchia S. RCT Yin J. Case report
Allendorfer J. B. Case report Yi K. Case report
Wang Y. Retrospective study Kawano T. Retrospective study
Dickens J. V. Retrospective study Torga M. Retrospective study
Kristinsson S. RCT Ellis C. Retrospective study
Kim G. Retrospective study Krishnamurthy S. Case report
Hybinette H. Retrospective study Brady MC RCT

RCT: randomized controlled trial.

3. Principle and Background of Functional
Magnetic Resonance Imaging

Functional magnetic resonance imaging (fMRI) mainly
includes diffusion tensor imaging (DTI) and blood-oxygen-
level-dependent (BOLD) imaging. BOLD fMRI is an MR
imaging technology that uses the change of T2-weighted
image of local tissue caused by the change of the ratio of
oxygenated hemoglobin to deoxyhemoglobin in the local
blood of brain activity area, so that the local activity function
of brain tissue can be reflected on T2-weighted image, which
can not only reflect the patient’s brain function, brain tissue
metabolism, and the level of brain local blood flow (Fig-
ure 1). Moreover, it has been widely used in the study of
sensory aphasia after stroke because of its noninvasive, high
resolution, sensitivity, and low price [22]. BOLD fMRI is
mainly divided into task fMRI and resting fMRI. During the
implementation of task fMRI, patients need to perform
specific tasks or receive preset external stimuli to induce
neuronal activities in different states of the brain, so as to
obtain the activation map of the difference in brain neuronal
activity signals and to reveal the law of brain activity in
specific task states [23]. Resting state functional MRI (RS
fMRI) and diffusion tensor imaging (DTI) overcome some
defects of task fMRI. The detection of RS fMRI or DTI does
not require the patient to perform specific language tasks. It
is simple and easy, and the patient’s compliance is good. It
has developed rapidly in recent years. It has become the most
commonly used tool for the study of language function
recovery after stroke and is widely used in the study of
neurological diseases and mental disorders [24].

4. Research Progress of rs-fMRI

Rs-fMRI reflects a long-range coherent functional model
and is the spontaneous activity of the central nervous system
in the basic state. At present, the research on resting brain
network has two directions: one is seed-based correlation
analysis (seed-based correlation analysis) and independent
component analysis (ICA), which studies the synchroni-
zation of time series in distant brain regions and the
functional connection between brain regions [17, 25]. The
second is the analysis method of regional consistency
(ReHo) and amplitude of low-frequency oscillation (ALFF)

to study the synchronization of local brain regions in time
series and the degree of spontaneous neural activity in local
brain regions [8, 26]. Brain functional connectivity analysis
is a common processing method of rs-fMRI.

According to traditional linguistics, Broca area is mainly
responsible for language generation, Wernicke area (pos-
terior part of left superior temporal gyrus) is responsible for
language acceptance and understanding, and the arcuate
bundle between Wernicke area and Broca area is responsible
for the traffic connection between them [27]. Krishnamurthy
S. [28] found that there is a language understanding network
centered on the posterior temporal gyrus of the dominant
hemisphere in the resting state, which may be the neural
basis of the brain’s language understanding function. Yi
K. [29] found that the recovery of language function is
accompanied by the dynamic change of functional con-
nection: the functional connection coefficient of language
neural network in stroke patients in the acute stage is sig-
nificantly reduced, and the functional connection coefficient
of language neural network in chronic stage is enhanced. It
was also found that high-risk patients had reduced resting
functional connectivity. Naeser M. A. [30] studied 13 pa-
tients with poststroke motor aphasia with left hemisphere
injury. It was found that the average functional connectivity
index of the left frontal-parietal lobe decreased, accompa-
nied by an obvious loss of language understanding. With the
improvement of language comprehension, the average
connectivity index of the left frontoparietal lobe also in-
creased. Therefore, Naeser Ma [30] believes that brain tissue
injury may affect language understanding ability by
changing the functional connection of brain interval, and the
recovery of language function is also related to the change of
functional connection.

Brain functional connectivity analysis was used to ob-
serve the effect of intervention measures on brain functional
connectivity. Patients with motor aphasia after stroke can
recover spontaneously without intervention. The recovery is
obvious in the acute phase and slows in the chronic phase
[31]. However, studies have shown that the recovery effect of
language rehabilitation treatment in the acute stage of motor
aphasia after stroke is almost twice that of natural recovery
[32]. Lee J. K. [33] used resting-state functional connectivity
to evaluate the effect of naming in the treatment of post-
stroke motor aphasia. Eight patients with poststroke motor
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Ficure 1: FMRI working principle.

aphasia received 12 treatment courses of improved naming.
Before treatment, the activation of the right middle temporal
gyrus gradually shifted to the left with the improvement of
language function.

5. Research Progress of DTI

DTI is a new image expression method based on conven-
tional magnetic resonance imaging technology. DTI is a
special form of MRI, which can not only display the signal
intensity of each voxel but also calculate the specific data of
tensor direction in three-dimensional space [34]. Then, the
single arrow displayed by each voxel is sorted according to
the difference in nerve bundle direction to generate a group
of direction arrows. Then, the direction arrows of each group
are processed through the processing of image data to form a
linear image of the nerve bundle. DTT allows us to objectively
study poststroke aphasia from the perspective of the
structural connection of white matter fibers. Zavanone
C. [35] believes that DTT can be used as a good indicator of
peripheral nerve regeneration and a noninvasive diagnostic
tool for a variety of nervous system diseases. Carragher
M. [36] and other researchers collected aphasia patients with
different severity and examined the damage of white matter
fiber bundle with DTI. They found that DTI examination
was helpful to predict the severity of language disorder in
aphasia patients after stroke. At present, the research related
to DTT mainly involves the occurrence mechanism, recovery
mechanism, and prognosis of aphasia.

The formation mechanism of poststroke aphasia has
been unclear. At present, it is recognized that the occurrence
of aphasia is related to the damage of language functional
areas of the cerebral cortex. The lesion location of poststroke
aphasia is closely related to the specific functional language
area and arcuate fiber bundle of the brain. The injury of
arcuate fiber bundles in specific functional language areas of
the brain is the main factor leading to aphasia after stroke,
which can also be used as an imaging auxiliary tool to

evaluate the patient’s condition [37]. Francois C. [38] found
that patients with Broca aphasia, Wernicke aphasia, and
conductive aphasia had different degrees of damage to the
arcuate fiber bundle, and the damage location was related to
the type of aphasia: Patients with Broca aphasia mainly had
damage and displacement of the integrity of the front end of
the arcuate fiber bundle, and patients with Wernicke aphasia
mainly had middle and rear damage. In patients with
conductive aphasia, the central part of the arcuate fiber
bundle on the functional side was mainly damaged. Zhang J
performed DTI and fiber bundle imaging on patients with
language disorders to check the integrity of the arcuate
bundle. DTI and fiber bundle imaging showed that the
arcuate bundle was seriously damaged [39]. Patients with
sports aphasia have left arcuate fasciculus injury with an-
terior changes in varying degrees, and the degree of injury is
positively correlated with the severity of aphasia, indicating
that arcuate fasciculus is an important channel for the
communication between anterior and posterior language
function zoning. Yao ] and others believe that arcuate fiber
bundle damage and lesions in cortical language functional
areas such as Broca area and Wernicke area can cause
conductive aphasia. If the lesion is close to the Broca area,
the patient’s language disorder is similar to Broca aphasia; if
the lesion is close to the Wernicke area, it is similar to
Wernicke aphasia [40]. It can be seen that the research on
the mechanism of aphasia using DTI breaks the previous
understanding of the mechanism of aphasia. For example,
the Broca area of Broca aphasia patients is not necessarily
damaged, and conductive aphasia can also be caused by
lesions in cortical language functional areas such as the
Broca area and Wernicke area. These findings make the
mechanism of aphasia more complex and need more in-
depth research.

The application of DTT makes us to have a deeper un-
derstanding of the rehabilitation mechanism of aphasia after
stroke. Brain plasticity and language function reorganization
are generally accepted at present. Some scholars believe that
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the study of arcuate fiber bundle by DTI shows that the study
of brain white matter fibers can explore the recovery
mechanism of aphasia from the level of brain structural
changes to a certain extent [41]. Gleichgerrcht E. [42] in-
cluded 6 patients with left hemisphere stroke with moderate
and severe nonfluent aphasia. DTI was tested before and
after 75 times of intensive speech therapy. It was found that
the number of arcuate fiber bundle fibers and the volume of
arcuate fiber bundle were significantly increased after
treatment compared with that before treatment, suggesting
that the recovery of speech function was related to arcuate
fiber bundle remodeling. After one month of intensive re-
habilitation treatment, Forkel S. J. found that the number
and integrity of left arcuate fiber bundles in a patient with
poststroke aphasia also increased [43]. These studies show
that the arcuate fiber bundle of patients with poststroke
aphasia will change structurally after speech intervention.
Detecting this change by DTI will help to explore the re-
covery mechanism of aphasia.

The prognosis of aphasia after stroke is of great concern
to clinical workers and patients. The prognosis prediction of
aphasia patients after stroke has very important guiding
significance for the formulation of the rehabilitation treat-
ment plan and rehabilitation duration. The lesion location of
the arcuate fiber bundle can predict speech rate, information
content, overall efficiency, and naming ability [44]. Keser
7. believes that arcuate fiber bundle lesion load (lesion size
and location) can predict speech fluency and naming ability
in patients with poststroke aphasia [45]. Sanches C. [46]
used DTI to study the recovery and prognosis of aphasia. It
shows that the arcuate fiber bundle has clinical value in
predicting the prognosis of aphasia after stroke.

In conclusion, DTT has irreplaceable advantages over
other neuroimaging methods in the study of the white
matter fiber pathway. At present, the research on poststroke
aphasia using DTI has been preliminarily carried out, in-
volving the discussion of the occurrence and recovery
mechanism of aphasia and the prediction of prognosis, and
also reflects its certain clinical application value. However,
there is still a lack of research on the characteristics and
differences of lesion location and mechanism between dif-
ferent types of aphasia, which needs more in-depth or de-
tailed research. As an important pathway of brain nerve
signal transmission, the cerebral white matter fiber bundle
plays an important role in the occurrence of poststroke
aphasia, but its mechanism has not been clarified. DTI
technology can be used for in-depth research to objectively
and effectively evaluate poststroke aphasia, explore the re-
habilitation mechanism of poststroke aphasia, and predict
the prognosis of poststroke aphasia patients.

6. Conclusion

The mechanism of language disorder in patients with
poststroke aphasia has not been fully explained. At the time
of acute cerebral infarction, there is low perfusion and low
metabolism in the infarct area, and the place where the
metabolic rate decreases the lowest is in the ischemic infarct
area. At the same time, it is also found that the metabolic rate

decreases in the ipsilateral language functional area; that is,
the low metabolism in the language functional area may be
the pathogenesis of aphasia [47]. This suggests that we can
properly restore the perfusion and metabolism of the lan-
guage center in the rehabilitation treatment of aphasia, so as
to improve the language function. Functional magnetic
resonance imaging technology provides a favorable clue to
explore the pathogenesis and recovery mechanism of
aphasia after stroke and provides a theoretical basis for the
rehabilitation treatment of the brain. Rs-fMRI to evaluate
the changes of language network functional connectivity in
patients with poststroke motor aphasia is not only of great
value for the discussion of aphasia occurrence and reha-
bilitation mechanism but also has a good application
prospect for the early diagnosis, rehabilitation prognosis,
and curative effect evaluation of poststroke motor aphasia.
However, the current research results are quite different, and
the potential recovery mechanism of motor aphasia after
stroke has not been fully clarified. Rs-fMRI processing
method still faces many major challenges. As an important
pathway of brain nerve signal transmission, the cerebral
white matter fiber bundle plays an important role in the
occurrence of poststroke aphasia, but its mechanism has not
been clarified. DTT technology can be used for in-depth
research to objectively and effectively evaluate poststroke
aphasia and explore the rehabilitation mechanism of post-
stroke aphasia. However, there is still much room for im-
provement in the study of functional magnetic resonance
imaging in poststroke aphasia. With the development of
imaging technology, functional magnetic resonance imaging
may play a more important role in the individualized
treatment evaluation of patients with poststroke aphasia in
the future.

Data Availability

The datasets used and analyzed during the current study are
available from the corresponding author upon reasonable
request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] I. R. Montenegro, J. A. Alvarez Montesinos, A. J. Estudillo,
and J. Garcia Orza, “Estimulacion eléctrica por corriente
continua en el tratamiento de la afasia,” Revista de Neurologia,
vol. 65, no. 12, pp. 553-562, 2017.

[2] C. Ellis and S. Urban, “Age and aphasia: a review of presence,
type, recovery and clinical outcomes,” Topics in Stroke Re-
habilitation, vol. 23, no. 6, pp. 430-439, 2016.

[3] M. L. Berthier, “Poststroke aphasia,” Drugs & Aging, vol. 22,
no. 2, pp. 163-182, 2005.

[4] C. R. Marshall, C. J. D. Hardy, A. Volkmer et al., “Primary
progressive aphasia: a clinical approach,” Journal of Neurol-
ogy, vol. 265, no. 6, pp. 1474-1490, 2018.

[5] M. Radanovic and V. N. Almeida, “Subcortical aphasia,”
Current Neurology and Neuroscience Reports, vol. 21, no. 12,
p. 73, 2021.



[6] M. M. Jiménez de la Pefa, L. Gémez Vicente, R. Garcia Cobos,

and V. Martinez de Vega, “Neuroradiologic correlation with

aphasias. Cortico-subcortical map of language,” Radiologia

(English Edition), vol. 60, no. 3, pp. 250-261, 2018.

I. Minkina, S. Rosenberg, M. Kalinyak-Fliszar, and N. Martin,

“Short-Term memory and aphasia: from theory to treatment,”

Seminars in Speech and Language, vol. 38, no. 1, pp. 17-28,

2017.

[8] S. M. Sheppard and R. Sebastian, “Diagnosing and managing
post-stroke aphasia,” Expert Review of Neurotherapeutics,
vol. 21, no. 2, pp. 221-234, 2021.

[9] A. Dietz, S. E. Wallace, and K. Weissling, “Revisiting the role
of augmentative and alternative communication in aphasia
rehabilitation,” American Journal of Speech-Language Pa-
thology, vol. 29, no. 2, pp. 909-913, 2020.

[10] F. Ehsaan, N. Mumtaz, and G. Saqulain, “Novel therapeutic
techniques for post stroke aphasia: a narrative review,” The
Journal of the Pakistan Medical Association, vol. 72, no. 1,
pp. 121-125, 2022.

[11] M. C. Brady, H. Kelly, J. Godwin, P. Enderby, and
P. Campbell, “Speech and language therapy for aphasia fol-
lowing stroke,” Cochrane Database of Systematic Reviews,
vol. 2016, no. 6, Article ID CD000425, 2016.

[12] A. Beuter, A. Balossier, F. Vassal, S. Hemm, and V. Volpert,
“Cortical stimulation in aphasia following ischemic stroke:
toward model-guided electrical neuromodulation,” Biological
Cybernetics, vol. 114, no. 1, pp. 5-21, 2020.

[13] B. Elsner, J. Kugler, M. Pohl, and J. Mehrholz, “Transcranial
direct current stimulation (tDCS) for improving aphasia in
adults with aphasia after stroke,” Cochrane Database of Sys-
tematic Reviews, vol. 5, no. 5, Article ID CD009760, 2019.

[14] J. Fridriksson, C. Rorden, J. Elm, S. Sen, M. S. George, and
L. Bonilha, “Transcranial direct current stimulation vs sham
stimulation to treat aphasia after stroke,” JAMA Neurology,
vol. 75, no. 12, pp. 1470-1476, 2018.

[15] J. Akabogu, A. Nnamani, M. S. Otu et al., “Efficacy of cognitive
behavior language therapy for aphasia following stroke: im-
plications for language education research,” Medicine, vol. 98,
no. 18, Article ID el15305, 2019.

[16] Y. Inatomi, M. Nakajima, and T. Yonehara, “Aphasia induced
by infratentorial ischemic stroke: two case reports,” Cognitive
and Behavioral Neurology, vol. 34, no. 2, pp. 129-139, 2021.

[17] P.D. Barrows, S. A. Thomas, and W. Van Gordon, “Assessing
self-reported mood in aphasia following stroke: challenges,
innovations and future directions,” Journal of Stroke and
Cerebrovascular Diseases, vol. 30, no. 1, Article ID 105425,
2021.

[18] J. D. Stefaniak, A. D. Halai, and M. A. Lambon Ralph, “The
neural and neurocomputational bases of recovery from post-
stroke aphasia,” Nature Reviews Neurology, vol. 16, no. 1,
pp. 43-55, 2020.

[19] F. Mattioli, “The clinical management and rehabilitation of
post stroke aphasia in Italy: evidences from the literature and
clinical experience,” Neurological Sciences, vol. 40, no. 7,
pp. 1329-1334, 2019.

[20] J.-F. Landrigan, F. Zhang, and D. Mirman, “A data-driven
approach to post-stroke aphasia classification and lesion-
based prediction,” Brain, vol. 144, no. 5, pp. 1372-1383, 2021.

[21] A. Thiel and A. Zumbansen, “The pathophysiology of post-
stroke aphasia: a network approach,” Restorative Neurology
and Neuroscience, vol. 34, no. 4, pp. 507-518, 2016.

[22] J. B. Allendorfer, R. Nenert, S. Nair, J. Vannest, and
J. P. Szaflarski, “Functional magnetic resonance imaging of
language following constraint-induced aphasia therapy

[7

Journal of Healthcare Engineering

primed with intermittent theta burst stimulation in 13 pa-
tients with post-stroke aphasia,” Medical Science Monitor,
vol. 27, Article ID 930100, 2021.

[23] J. Yin, J. Zhu, D. Huang et al.,, “Unilateral symptomatic in-
tracranial arterial stenosis and myopathy in an adolescent
with Graves disease: a case report of an high-resolution
magnetic resonance imaging study,” Journal of Stroke and
Cerebrovascular Diseases, vol. 24, no. 1, pp. e49-e52, 2015.

[24] S. Sreedharan, K. Arun, P. Sylaja, C. Kesavadas, and
R. Sitaram, “Functional connectivity of language regions of
stroke patients with expressive aphasia during real-time
functional magnetic resonance imaging based neurofeed-
back,” Brain Connectivity, vol. 9, no. 8, pp. 613-626, 2019.

[25] A. Imamura, N. Matsuo, M. Ariki, H. Horikoshi, and
T. Hattori, “MR imaging and 1H-MR spectroscopy in a case of
cerebral infarction with transient cerebral arteriopathy,”
Brain ¢ Development, vol. 26, no. 8, pp. 535-538, 2004.

[26] T.Hara and M. Abo, “New treatment strategy using repetitive
transcranial magnetic stimulation for post-stroke aphasia,”
Diagnostics, vol. 11, no. 10, p. 1853, 2021.

[27] S. Payabvash, S. Kamalian, S. Fung et al., “Predicting language
improvement in acute stroke patients presenting with aphasia:
a multivariate logistic model using location-weighted atlas-
based analysis of admission CT perfusion scans,” American
Journal of Neuroradiology, vol. 31, no. 9, pp. 1661-1668, 2010.

[28] S. Krishnamurthy, D. Tong, K. P. McNamara, G. K. Steinberg,
and K. M. Cockroft, “Early carotid endarterectomy after is-
chemic stroke improves diffusion/perfusion mismatch on
magnetic resonance imaging: report of two cases,” Neuro-
surgery, vol. 52, no. 1, pp. 238-242, 2003.

[29] K. Yi, M. Inoue, K. Irie et al., “Tissue plasminogen activator
for cortical Embolism stroke with magnetic resonance per-
fusion imaging: a report of two cases,” Case Reports in
Neurology, vol. 11, no. 2, pp. 222-229, 2019.

[30] M. A. Naeser, P. I. Martin, E. Treglia et al., “Research with
r'TMS in the treatment of aphasia,” Restorative Neurology and
Neuroscience, vol. 28, no. 4, pp. 511-529, 2010.

[31] F. M. Filippopulos, C. Brem, K. Seelos et al., “Uncrossed
corticospinal tract in health and genetic disorders: review,
case report, and clinical implications,” European Journal of
Neurology, vol. 28, no. 8, pp. 2804-2811, 2021.

[32] H. Wang, S. Li, Y. Dai, and Q. Yu, “Correlation between
speech repetition function and the arcuate fasciculus in the
dominant hemisphere detected by diffusion tensor imaging
tractography in stroke patients with aphasia,” Medical Science
Monitor: International Medical Journal of Experimental and
Clinical Research, vol. 26, Article ID €928702, 2020.

[33] J.-K. Lee, M.-H. Ko, S.-H. Park, and G.-W. Kim, “Prediction
of aphasia severity in patients with stroke using diffusion
tensor imaging,” Brain Sciences, vol. 11, no. 3, p. 304, 2021.

[34] J. D. Stefaniak, F. Geranmayeh, and M. A. Lambon Ralph,
“The multidimensional nature of aphasia recovery post-
stroke,” Brain, vol. 10, Article ID awab377, 2022.

[35] C. Zavanone, Y. Samson, C. Arbizu, S. Dupont, D. Dormont,
and C. Rosso, “Critical brain regions related to post-stroke
aphasia severity identified by early diffusion imaging are not
the same when predicting short- and long-term outcome,”
Brain and Language, vol. 186, pp. 1-7, 2018.

[36] S. M. Wilson and S. M. Schneck, “Neuroplasticity in post-
stroke aphasia: a systematic review and meta-analysis of
functional imaging studies of reorganization of language
processing,” Neurobiology of Language (Cambridge, MA,
USA), vol. 2, no. 1, pp. 22-82, 2021.



Hindawi

Journal of Healthcare Engineering
Volume 2023, Article ID 9853278, 1 page
https://doi.org/10.1155/2023/9853278

Retraction

@ Hindawi

Retracted: Overexpressed RING Finger 44 Correlates with Poor
Prognosis in Hepatocellular Carcinoma

Journal of Healthcare Engineering

Received 23 May 2023; Accepted 23 May 2023; Published 24 May 2023

Copyright © 2023 Journal of Healthcare Engineering. 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 following an
investigation undertaken by the publisher [1]. This in-
vestigation has uncovered evidence of one or more of the
following indicators of systematic manipulation of the
publication process:

(1) Discrepancies in scope

(2) Discrepancies in the description of the research
reported

(3) Discrepancies between the availability of data and
the research described

(4) Inappropriate citations

(5) Incoherent, meaningless and/or irrelevant content
included in the article

(6) Peer-review manipulation

The presence of these indicators undermines our con-
fidence in the integrity of the article’s content and we cannot,
therefore, vouch for its reliability. Please note that this notice
is intended solely to alert readers that the content of this
article is unreliable. We have not investigated whether au-
thors were aware of or involved in the systematic manip-
ulation of the publication process. Wiley and Hindawi
regrets 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 own Research Integrity and Re-
search Publishing teams and anonymous and named ex-
ternal 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] Y. Liu, H. Xia, M. Li et al., “Overexpressed RING Finger 44
Correlates with Poor Prognosis in Hepatocellular Carcinoma,”
Journal of Healthcare Engineering, vol. 2022, Article ID
3522866, 18 pages, 2022.


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/9853278

Hindawi

Journal of Healthcare Engineering
Volume 2022, Article ID 3522866, 18 pages
https://doi.org/10.1155/2022/3522866

Research Article

@ Hindawi

Overexpressed RING Finger 44 Correlates with Poor Prognosis in

Hepatocellular Carcinoma

Yue Liu, Huasong Xia, Meng Li, Yuxin Chen, Wei Zhou, Yi Chen, and Yanqing Wu

The Second Affiliated Hospital of Nanchang University, Nanchang, China

Correspondence should be addressed to Yanqing Wu; wuyanqing01@sina.com

Received 7 March 2022; Revised 18 March 2022; Accepted 21 March 2022; Published 19 April 2022

Academic Editor: Liaqat Ali

Copyright © 2022 Yue Liu et al. 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.

Introduction. Liver carcinoma is one of the most common cancers in the world and remains one of the most difficult cancers to
treat. Hepatocellular cancer is the most important type of liver cancer (90%). RING Finger 44 (RNF44) is one of the E3 ligases,
which play an important role in substrate recognition. It was also reported that RING Finger 44 was connected with resistant
melanoma. But the relationship between RNF44 and HCC remained unknown. Materials and Methods. To analyze the role of
RING Finger 44 gene in hepatocellular carcinoma, we used bioinformatics to analyze the expression level, genetic changes,
immunohistochemistry, immune infiltration, diagnostic value, survival, and functional enrichment of RING Finger 44. Results.
Through analyzing The Genotype-Tissue Expression and The Cancer Genome Atlas databases, we found that the expression level
of RING Finger 44 was significantly increased in hepatocellular carcinoma tissues. Meanwhile, the expression of RING Finger 44
was connected with immune cell infiltration and survival time, and the expression level of RING Finger 44 could perform as a
useful diagnostic and prognostic index. The functional enrichment analysis of RING Finger 44 provided some possible pathways
of RING Finger 44 in hepatocellular carcinoma, which provided an important direction for the further experiments in vitro or in
vivo. Conclusions. RING Finger 44, the high expression level of which predicts poor prognosis, is a potential oncogene in

hepatocellular carcinoma.

1. Introduction

Liver cancer is a highly malignant tumor and a common
carcinoma [1, 2]. The mortality and incidence of liver cancer
have been sustainable growth, posing a huge threat to
people’s lives and health [3-5]. Most hepatocellular carci-
noma (HCC) cases occur in developing countries, mainly in
Southeast Asia and East Asia [6, 7]. China accounts for more
than half of all global cases [8]. Hepatocellular carcinoma is
the main type of liver malignant tumor, accounting for about
90% [9]. Hepatitis B virus (HBV) or hepatitis C virus (HCV)
infection is related to the occurrence of HCC [7, 10]. The
incidence of HCV-related HCC has been gradually in-
creasing and will continue to increase in the coming decades
in the United States [7]. Multiple options of HCC treatment
could be chosen, while hepatectomy is still the most effective
choice [11, 12]. Despite enormous progresses in the treat-
ment and diagnosis of liver tumors over the past few

decades, liver cancer remains one of the most difficult
cancers to treat, and the prognosis for liver tumors remains
poor [13, 14].

E3 ubiquitin ligases (E3s) are a class of proteins that play
an important role in substrate recognition and catalyze the
transfer of ubiquitin to specific substrate proteins [15]. E3s
are enzymes that determine the specificity of protein sub-
strates [16]. E3 can bind to oncogenes or pathway proteins to
play a role in tumor resistance [15]. Studies have found that
RING Finger 44 (RNF44) is one of the E3 ligases. RNF44 is
responsible for promoting AMPK-«1 degradation in BRAF
inhibitor resistant melanoma cells [17]. RNF44 can also play
a key role in the development of osteoarthritis [18]. How-
ever, no studies have found the relationship between RNF44
and HCC.

In our study, RNF44 was found to be overexpressed in
hepatocellular carcinoma in The Genotype-Tissue Expres-
sion (GTEx) and The Cancer Genome Atlas (TCGA)
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databases. Immune infiltration analysis showed that RNF44
was associated with a variety of immune cells, suggesting
that RNF44 may affect cellular immunity. COX survival
analysis showed that RNF44 overexpression might lead to
poor prognosis of HCC. In a word, our study suggested that
RNF44 may be a potential oncogene for HCC.

2. Methods and Methods

2.1. Characteristics Analysis. Standardized RNA-Seq data
and the corresponding clinical information were down-
loaded from Genotype-Tissue Expression (GTEx, https://
gtexportal.org/home/index.html) and the Cancer Genome
Atlas (TCGA, https://cancergenome.nih.gov/) database. The
format of RNA-Seq was converted from fragments per ki-
lobase per million (FPKM) to transcripts per million reads
(TPM) with log2 conversion. The dividing line between the
high expression set and low expression of RNF44 was the
median of RNF44 expression in the HCC samples of TCGA
cohort. The basic package of R software (version 3.6.3) was
used to analyze the association between clinical factors and
RNF44.

2.2. Gene Expression Analysis. In addition to using data
from TCGA database, the normal tissue data was supple-
mented from GTEx database. The visualization of RNF44
expression in was achieved by ggplot2 package (version
3.3.3) of R software (version 3.6.3).

2.3. Analysis of Genetic Variation. UCSC Xena (https://
xenabrowser.net/) and cBioPortal (https://www.cbioportal.
org) were used to analyze the variation characteristics of
RNF44, including variation types, variation frequency, and
copy number variation. The data of cBioPortal and UCSC
Xena was obtained from TCGA database.

2.4. Immune Infiltration Analysis. We used GSVA package
(version 1.34.0) of R software (version 3.6.3) and single-
sample gene set enrichment analysis (ssGSEA) algorithm to
analyze the correlation between RNF44 and infiltration level
of multiple immune cells. We used Spearman’s correlation
coefficient to evaluate the association between RNF44 and
immune infiltration.

2.5. ROC Curve and Survival Analysis. ROC curves were
drawn using PROC packages (version 1.17.0.1) and ggplot2
packages (version 3.3.3) of R software (version 3.6.3). In
addition, the survival package (3.2-10 version) of R software
(version 3.6.3) was applied to analyze the association be-
tween RNF44 expression and the survival time of HCC by
COX regression model.

2.6. Nomogram Prediction Model. To predict the probability
of survival at 1, 3, and 5 years after diagnosis for patients
with HCC, we constructed a nomogram prediction model
based on the multivariate Cox regression model. The Rms
package (version 6.2-0) and survival package (version

Journal of Healthcare Engineering

3.2-10) of R software (version 3.6.3) were used as tools for
plotting the nomogram. Concordance index (C-index) was
the evaluation criterion to judge the consistency of this
model.

2.7. RNF44-Binding Proteins and RNF44-Correlated Genes
Analysis. The top 19 RNF44-binding proteins were down-
loaded using the STRING (https://string-db.org/) tool. And
we downloaded the top 100 RNF44-related genes from Gene
Expression Profiling Interactive Analysis 2 (GEPIA2, http://
gepia2.cancer-pku.cn/#index). The intersection of the top 19
RNF44-binding proteins and the top 100 RNF44-related
genes was obtained using a Venn diagram, which was drawn
by ggplot2 package (version 3.3.3) of R software (version
3.6.3). The scatter plot and heat maps of the top 5 RNF44-
related genes and the integrated gene were also created by
ggplot2 package (version 3.3.3) of R software (version 3.6.3).

2.8. Functional Enrichment Analysis. We did Kyoto Ency-
clopedia of Genes and Genomes (KEGG) and Gene ontology
(GO) enrichment analysis by clusterProfiler package (ver-
sion 3.14.3) and org.hs.eg.db package (version 3.10.0) of R
software (version 3.6.3). The data of gene set enrichment
analysis (GSEA) were from MSigDB Collections (https://
www.gsea-msigdb.org/gsea/msigdb/index.jsp). GSEA en-
richment analysis was done by ggplot2 package (version
3.3.3) of R software (version 3.6.3). STRING tools were used
to draw protein-protein interaction (PPI) network.

2.9. Statistical Analysis. Shapiro-Wilk tests are used to
verify the distribution of data. If the variables followed a
normal distribution, they would be analyzed by the Student
t-test. If the variable did not follow a normal distribution, it
would be analyzed by Wilcoxon’s test or Mann-Whitney
test. And the comparison of multiple groups was analyzed
using one-way ANOVA. Comparison of two groups was
evaluated by Student’s ¢-test. Spearman correlation analysis
was used to evaluate the monotonic relationship between
two continuous or sequential variables. The differences
between two Kaplan-Meier survival curves groups were
analyzed by Log-rank test. Logistic regression was used to
analyze the association between RNF44 expression and
clinicopathological features. Cox regression was used to
analyze the survival prognosis of HCC patients. The sta-
tistically significant index was P <0.05. SPSS 25.0 software
and R 3.6.3 software were used for statistical analysis. Data
visualization was done by R 3.6.3 software.

3. Results

3.1. RNF44 Was Overexpressed in HCC. To validate our
hypothesis, we assessed the levels of RNF44 expression, exon
expression, and methylation in the TCGA cohort. As shown
in Figure 1(a), we found that RNF44 expression and exon
expression were higher in tumors, but there was no sig-
nificant difference of RNF44 methylation level between
tumor tissue and normal tissue. Besides the unpaired
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FIGURE 1: The expression level of RNF44 in HCC. (a) The heat maps of RNF44 mRNA expression, exon expression, and methylation in HCC
and corresponding normal tissues from UCSC Xena. (b) The RNF44 expression level of no paired HCC samples in TCGA dataset. (c) RNF44
expression of no HCC samples in TCGA + GTEx dataset. (d) IHC slices of RNF44 in liver samples from HPA. (e) RNF44 expression level of
paired HCC samples in TCGA dataset. *P <0.05, **P <0.01, ***P <0.001, and ****P <0.0001.



samples statistical analysis of TCGA cohort and
TCGA + GTEx cohort, the paired samples statistical analysis
of TCGA cohort also showed that RNF44 was highly
expressed in HCC (Figures 1(b), 1(c), and 1(e)). Baseline
characteristics of HCC patients from TCGA are listed in
Table 1. Immunohistochemical sections (IHC) from the
Human Protein Atlas Database (HPA, https://www.
proteinatlas.org/) also showed that RNF44 was overex-
pressed in tumor tissues of patients with hepatocellular
carcinoma (Figure 1(d)). The basic information of the 6 THC
sections is listed in Table 2. These results suggested that
RNF44 was overexpressed in HCC and might perform as an
oncogene in HCC.

3.2. The Location Site and Variation of RNF44 in HCC.
We found that RNF44 was mainly expressed in cell nucleus,
as shown in Figure 2(b), from HPA. The 3D morphology,
common mutation sites, and basic gene information of
RNFF44 were described in Figures 2(c) and 2(d). Further-
more, we found that 2.7% of RNF44 mutations were present
in HCC samples, of which proliferation was the most fre-
quent, by analyzing the molecular characteristics of RNF44
(Figure 2(a)). And after analyzing the correlation between
the mRNA expression level, genetic changes, and copy
number of RNF44, we found that the mutations of prolif-
eration increased the mRNA expression level of RNF44
(Figures 2(e)-2). These results further confirmed that RNF44
was overexpressed in HCC and might play a carcinogenic
role in hepatocytes.

3.3. Correlation between Immune Infiltration Level of
Different Immune Cells and RNF44 Expression Level.
As shown in Table 3 and Figure 3, among different immune
cell types, the expression level of RNF44 was correlated with
aDC, cytotoxic cells, DC, eosinophils, neutrophils, NK D56
bright cells, pDC, T helper cells, Tcm, TFH, Tgd and Th2
cells, and Treg infiltration level. The expression levels of T
helper cells, Th2 cells, TFH, Tcm, eosinophils, NK CD56
bright cells, aDC, and macrophages were positively corre-
lated with RNF44 expression. The expression levels of Tgd,
Treg, neutrophils, cytotoxic cells, DC, and pDC were sig-
nificantly negatively correlated with RNF44 expression.
These results suggested that the expression level of RNF44
might be related to tumor immunity and influence tumor
immunity, which might help to guide the immunotherapy of
HCC. RNF44 might be a new immunotherapy target of HCC
patients in the future.

3.4. The Relationship between RNF44 Expression Level and
Some Clinical Features. To further understand the rela-
tionship between RNF44 and HCC, we analyzed the ex-
pression level of RNF44 and clinicopathological
characteristics data from TCGA database. The patients were
divided into the low expression group and the high ex-
pression group based on the median value. The results
showed that age (P = 0.026), weight (P = 0.039), histologic
grade (P = 0.002), pathologic stage (P = 0.021), and AFP
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(P =0.002) were significantly correlated with RNF44 ex-
pression. There was a part correlation with T stage
(P =0.053) (Table 4). Figure 4 showed the visualization of
the correlation between the above clinical features and the
expression level of RNF44. These results showed that pa-
tients with younger age, lower body weight, higher histologic
grade, higher tumor stage, higher pathologic stage, and
higher blood AFP value were more prone to express higher
RNF44. In other words, higher RNF44 expression predicted
early-onset HCC, increased probability of tumor cachexia,
poorer histologic grade, larger tumor size, higher pathologic
stage, and higher blood AFP value. All these indicated a poor
prognosis of HCC.

3.5. The Diagnostic Value of RNF44 Expression in HCC.
In this study, ROC analysis was performed to explore the
diagnostic value of RNF44 expression level in HCC. As
shown in Figure 5(a), the area under the curve (AUC) of
RNF44 is 0.897, indicating a high diagnostic value in dis-
tinguishing HCC tumors from normal liver tissues.

3.6. Relationship between RNF44 Expression and Survival
Time in Patients with Hepatocellular Carcinoma. To analyze
the association between RNF44 and survival, Kaplan-Meier
analysis was performed. Univariate Cox regression analysis
revealed that RNF44 expression was connected with overall
survival time (P =0.027, hazard ratio [HR]=1.48, 95%
CI=1.05-2.10, Figure 5(b)) and progression-free interval
time (P = 0.007, risk ratio [HR] =1.49, 95% CI =1.11-2.00,
Figure 5(c)). Similarly, Kaplan-Meier analysis was per-
formed in different subgroups of patients with HCC, and the
results were shown in Figures 5(d)-5(1). Kaplan-Meier
analysis results of different clinical subgroups of HCC also
suggested that the expression of RNF44 was related to
progression-free interval, disease-specific survival, and
overall survival. In further Cox univariate and multivariate
analyses, we found that higher expression of RNF44, higher
tumor stage, higher pathologic stage, distant metastasis, and
vascular invasion were correlated with poor progression-free
interval (Table 5). The expression level of RNF44 was an
independent risk factor for progression-free interval. This
reminded us that higher expression of RNF44 predicted
poor overall survival, poor disease-specific survival, and
poor progression-free interval in HCC patients. Therefore,
we drawn a nomogram for predicting the 1-year, 3-year, and
5-year progression-free interval possibility of patients with
HCC (C-index =0.632, 95% CI=0.575-0.688) (Figure 6(a)).
We used ROC analysis to test the diagnostic specificity of the
nomogram. As shown in Figure 6(h), the area under the
curve (AUC) of 1 year, 3 years, and 5 years was 0.783, 0.703,
and 0.617, indicating the effective predictive value of the
model.

3.7. Functional Enrichment Analysis of RNF44. To further
explore the carcinogenic mechanism of RNF44, we used the
STRING tools to download the top 19 RNF44-binding
proteins and the top 100 RNF44-related genes from


https://www.proteinatlas.org/
https://www.proteinatlas.org/
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TaBLE 1: Baseline characteristics of the RNF44 high-expression set and the low-expression set in the TCGA cohort.

Characteristic Low expression of RNF44 High expression of RNF44
Total 187 187

T Stage

Tl 100 (27%) 83 (22.4%)
T2 46 (12.4%) 49 (13.2%)
T3 33 (8.9%) 47 (12.7%)
T4 5 (1.3%) 8 (2.2%)
N stage

NO 126 (48.8%) 128 (49.6%)
N1 1 (0.4%) 3 (1.2%)
M stage

MO 135 (49.6%) 133 (48.9%)
M1 2 (0.7%) 2 (0.7%)
Pathologic stage

Stage 1 96 (27.4%) 77 (22%)
Stage II 45 (12.9%) 42 (12%)
Stage III 33 (9.4%) 52 (14.9%)
Stage IV 3 (0.9%) 2 (0.6%)
Tumor status

Tumor free 108 (30.4%) 94 (26.5%)
With tumor 71 (20%) 82 (23.1%)
Gender

Female 55 (14.7%) 66 (17.6%)
Male 132 (35.3%) 121 (32.4%)
Race

Asian 74 (20.4%) 86 (23.8%)

Black or African American
White

Age

<60

>60

Weight (kg)
<70

>70

Height (cm)
<170

>170

BMI

<25

>25

Residual tumor
RO

R1

R2

Histologic grade
Gl

G2

G3

G4

Adjacent hepatic tissue inflammation

None

Mild

Severe

AFP (ng/ml)
<400

>400

Albumin (g/dl)
<3.5

>3.5
Prothrombin time (s)
<4

7 (1.9%)
98 (27.1%)

78 (20.9%)
109 (29.2%)

84 (24.3%)
92 (26.6%)

96 (28.2%)
76 (22.3%)

83 (24.6%)
88 (26.1%)

165 (47.8%)
6 (1.7%)
1 (0.3%)

37 (10%)
94 (25.5%)
49 (13.3%)

5 (1.4%)

66 (27.8%)
51 (21.5%)
8 (3.4%)

123 (43.9%)
23 (8.2%)

37 (12.3%)
119 (39.7%)

105 (35.4%)

10 (2.8%)
87 (24%)

99 (26.5%)
87 (23.3%)

100 (28.9%)
70 (20.2%)

105 (30.8%)
64 (18.8%)

94 (27.9%)
72 (21.4%)

162 (47%)
11 (3.2%)
0 (0%)

18 (4.9%)

84 (22.8%)

75 (20.3%)
7 (1.9%)

52 (21.9%)
50 (21.1%)
10 (4.2%)

92 (32.9%)
42 (15%)

32 (10.7%)
112 (37.3%)

103 (34.7%)
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TasLE 1: Continued.

Characteristic Low expression of RNF44 High expression of RNF44

>4 48 (16.2%) 41 (13.8%)

Child-Pugh grade
A

B

C
Vascular invasion
No

Yes

OS event
Alive
Dead
DSS event
Alive
Dead

PFI event
Alive
Dead

120 (49.8%)

108 (34%)
56 (17.6%)

129 (34.5%)
58 (15.5%)

145 (39.6%)
38 (10.4%)

102 (27.3%)
85 (22.7%)

99 (41.1%)
9 (3.7%)
1 (0.4%)

12 (5%)
0 (0%)

100 (31.4%)
54 (17%)

115 (30.7%)
72 (19.3%)

142 (38.8%)
41 (11.2%)

89 (23.8%)
98 (26.2%)

RNF44: ring finger protein 44; AJCC7: American Joint Committee on Cancer 7th edition.

TaBLE 2: The basic information of IHC slices.

Tissue type 1D Age Gender
Normal-1 2429 55 Male

Normal-2 3222 63 Female
Normal-3 3402 54 Female
Tumor-1 2766 73 Female
Tumor-2 2399 52 Female
Tumor-3 3346 73 Female

GEPIA2. Then, we made enrichment analysis. The protein-
protein interaction (PPI) network between the top 19 RNF44
binding proteins is shown in Figure 7(a). Among the top 100

RNF44-related genes, MAMLI (P<0.01, R=0.859),
KDM3B1 (P<0.01, R=0.832), TCERGlI (P<0.01,
R=0.832), UIMC1 (P<0.01, R=0.794), and CPSF6

(P<0.01, R=0.817) had the strongest correlation with
RNF44 (Figures 7(b)-7(d)) and showed a significant positive
correlation with the expression level of RNF44. FAF2
(P <0.01, R=0.775, Figures 7(b)- 7(d)) was the common
gene of the top 19 proteins and the top 100 genes
(Figure 7(c)). Then, we combined these genes and proteins
for the following GO and KEGG analyses. GO enrichment
analysis includes three functional groups, that is, molecular
functions, cellular components, and biological processes
(Figures 8(a)-8(c)). Figure 8(d) shows the results of KEGG
analysis. Figure 7(e) shows the GO and KEGG enrichment
interaction network. These results showed that RNF44 and
other related genes were mainly related to regulation of
mRNA splicing and protein complex.

To further explore the signaling pathway activated by
RNF44 in HCC, we performed GSEA analysis about those
118 related genes. We identified several important RNF44-
related signaling pathways. In this study, we mapped the first
four pathways including REACTOME_CD22_MEDIATED
_BCR_REGULATION, REACTOME_FCGR_ACTIVATIO
N, REACTOME_ANTIGEN_ACTIVATES_B_CELL_REC
EPTOR_BCR_LEADING_TO_GENERATION_OF_SECO

ND_MESSENGERS, -~ and ~ REACTOME_ROLE_OF_
PHOSPHOLIPIDS_IN_PHAGOCYTOSIS  (Figure 9).
GSEA functional enrichment analysis suggested that RNF44
might be correlated with FCGR and CD22, as well as with
immune function.

4. Discussion

Liver cancer is a common cancer, showing a high degree of
malignancy and posing a serious threat to people’s health
and life. Liver patients in China account for more than half
of the total number of global cases [1-5]. Among liver cancer
subtypes, HCC is the most important subtype, accounting
for about 90% [9]. Although there was a great progress in the
diagnosis and treatment of liver tumors. The treatment of
liver cancer includes surgery, chemotherapy, radiotherapy,
TACE, immunotherapy, targeted therapy liver, and liver
transplantation. Liver cancer is still one of the most difficult
cancers to treat, and the prognosis of liver tumors is still poor
[11-14].

E3s are a class of specific enzymes that play an important
role in substrate recognition and catalyzing ubiquitin
transfer to specific substrate proteins [15, 16] and also play a
certain role in tumor drug resistance [15]. RING Finger 44 is
one of the E3 ligases. Therefore, there might be a certain
correlation with the occurrence and development of HCC.
In this study, we evaluated RNF44 expression in the TCGA
cohort and found that RNF44 expression and exon ex-
pression were higher in tumors. Amplification, among many
variants, was the main change in HCC, further confirming
high expression of RNF44 in HCC. Immune infiltration
analysis showed that RNF44 was associated with a variety of
immune cells, suggesting that RNF44 might affect cellular
immunity, which was consistent with our initial conjecture
that RNF44 might affect tumor drug resistance by affecting
E3 ubiquitin ligase. This can guide the immunotherapy of
HCC. To further understand the relationship between
RNF44 and HCC, we also analyzed the association between
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(b) The location site of RNF44 in HCC. (c) The 3D structure of RNF44 in HCC from cBioPortal. (d) The mutation sites of RNF44 in HCC
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between the mRNA expression level and copy number of RNF44 from cBioPortal. *P <0.05, **P <0.01, ***P <0.001, and**** P < 0.0001.

clinical features and RNF44. In the TCGA cohort, higher  histologic grade, larger tumor size, higher pathologic stage,
expression of RNF44 might predict earlier hepatocellular ~ and higher blood AFP values. These clinicopathological
carcinoma, increased probability of tumor cachexia, poorer  features were suggestive of poorer disease survival outcomes.
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TaBLE 3: Connection between the expression level of RNF44 and the immune infiltration in the tumor microenvironment.

Immune cell Spearman’s correlation P value
T helper cells 0.413 <0.001
B cells 0.023 0.657
CD8 T cells -0.025 0.635
Th2 cells 0.331 <0.001
iDC 0.045 0.386
Mast cells -0.041 0.427
TFH 0.241 <0.001
Tem 0.223 <0.001
NK CD56dim cells -0.055 0.286
NK cells -0.014 0.782
Eosinophils 0.211 <0.001
T cells -0.014 0.791
NK CD56bright cells 0.197 <0.001
aDC 0.128 0.013
Thl cells 0.076 0.143
Th17 cells -0.061 0.239
Macrophages 0.103 0.047
Tem 0.102 0.050
Tgd -0.131 0.011
Treg -0.157 0.002
Neutrophils -0.200 <0.001
Cytotoxic cells -0.304 <0.001
DC -0.312 <0.001
pDC -0.345 <0.001
aDC: activated dendritic cell; DC: dendritic cell; iDC: immature dendritic cell; Macrophages: Mast cells; pDC: plasmacytoid dendritic cell; Tem: T central

memory; Tem: T effector memory; Tth: T follicular helper; Tgd: T gamma delta; and Treg: T regulatory cell.
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FiGure 3: Correlations between the expression level of RNF44 and immune infiltration. (a) The bar graph about the immune infiltration
level of different immune infiltration cells in RNF44 high set and low set. (b) The lollipop figure about the correlations between the
expression level of RNF44 and immune infiltration of different immune infiltration cells. (c) The scatter diagrams about the correlations
between the expression level of RNF44 and immune infiltration level of different immune infiltration cells. *P <0.05, **P<0.01,

***P <0.001, and ****P <0.0001.

TaBLE 4: The correlation between RNF44 expression and clinicopathologic factors in the TCGA cohort.

Characteristics Total (N) QOdds ratio (OR) P value
Age (>60 vs. <60) 373 0.629 (0.417-0.946) 0.026
Weight (kg) (>70 vs. <70) 346 0.639 (0.417-0.976) 0.039
Histologic grade (G3 and 4 vs. G1 and 2) 369 1.950 (1.272-3.009) 0.002
T stage (T3 and 4 vs. T1 and 2) 371 1.601 (0.998-2.589) 0.053
Pathologic stage (stage III & IV vs. stage I & II) 350 1.777 (1.096-2.910) 0.021
N stage (N1 vs. NO) 258 2.953 (0.373-60.136) 0.351
M Stage (M1 vs. MO) 272 1.015 (0.120-8.560) 0.988
AFP (ng/ml) (>400 vs. <400) 280 2.441 (1.384-4.396) 0.002

Note. The stages were graded according to AJCC7. RNF44: RING Finger protein 44; AJCC7: American Joint Committee on Cancer 7th edition.

Further COX survival analysis also showed that RNF44
overexpression was an independent risk factor for pro-
gression-free interval of HCC.

Taken together, our results suggested that RNF44 might
be a potential oncogene for HCC. Based on COX regression
analysis, we constructed an exploratory nomogram to
predict the 1-year, 3-year, and 5-year progression-free in-
terval survival probability of HCC patients. ROC curve
analysis indicated that the nomogram had a good predictive
value, which might provide some help for the clinical di-
agnosis and treatment of HCC patients in the future.

Subsequent GO, KEGG, and GSEA functional enrichment
analysis suggested that RNF44 might be involved in RNA
binding and protein complex processes; RNF44 might be
correlated with FCGR and CD22 genes; and RNF44 might be
associated with immune phagocytosis [19]. High RNF44
expression also relates to high infiltration level of NK and
macrophages in hepatocellular carcinoma; NK markers such
as CD56 also show significant correlations with RNF44
expression. These results further reveal that there is a strong
relationship between RNF44 and NK cells infiltration. These
had certain guiding significance for further basic



10

X% %%
- 7 T — 7 T —
¥ — ! . T ! )
Z. 6 - s =1 6
7o Z ~
e & 54 273 s
o = ° s
S & o
FE 4 . EE 4
SR 3~ N
X8 g
L <o
o 5 b 2
= ! 2 ! !
1 B T T : 1 B T : T
Normal <=60 >60 Normal <=70 >70
Age Weight
(a) (b)
% 8_ *ot
7_ 4% 4o
x — . 3 T —
: 5 — .
E 61 Z -~ 6 ]
E7F s £z
T 5-
Sz =
=S 5 ~
SE 41 . Z2E 4
17 "il k4 N b
5 oo 3 g ¥
5 g~ +
L T & T
£ . ! =
1 B T T :
Normal T1&T2 T3&T4 Normal G1&G2 G3&G4
T stage Histologic grade
(d) (e)

The expression of RNF44
Log, (TPM+1)

The expression of RNF44
Log, (TPM+1)

Journal of Healthcare Engineering

-

T T T
Normal <=400 ~ >400

AFP (ng/ml)
()
6
5
41 .
|
2 4
14 :

Normal Stage  Stage
[&II I &IV

Pathologic stage
69

FIGURE 4: The correlation between RNF44 expression and clinical factors in TCGA. The correlation between RNF44 expression and (a) age,
(b) weight, (c) AFP, (d) T stage, (e) histological grade, and (f) pathological stage. *P <0.05, **P <0.01, ***P <0.001, and**** P <0.0001.

Sensitivity (TPR)

Normal vs Tumor Overall Survival
N
....... Z 0.8+
<
"§ 0.6 -
a,
= 0.4+
=
2 0.2 4 Overall Survival
= HR = 1.48 (1.05-2.10)
L 0.0 P00
e 0 30 60 90 120
0.0 Cl: 0.864-0:930 Time (months)
. T T 1 T . ~ | Sz
0.0 02 04 06 08 1.0 éf”}‘l T
1-Specificity (FPR) 1gh =
RNF44
—+— Low
—— High
@) (b)

FiGgure 5: Continued.

Survival probability

o o =
B o » o
L

Progress Free Interval

0.2 - Progress Free Interv:

HR = 1.49 (1.11-2.00)

0.0 4 P=0.007

Low L5 - -

High 1 +

0 30 60 920 120
Time (months)

o

il

RNF44
—— Low

—— High



Journal of Healthcare Engineering

Weight: <=70 Race: Asian
1.0 4
= 0.8 =
2 3
o 0.6+ 3
= =
o =¥
= 0.4+ =
2 =
2 0.2 - Disease Specific Survival z 0.2 q Disease Specific Survival
(% HR =2.17 (1.09-4.29) c% HR =2.52(1.11-5.72)
0.0 { P=0.026 0.0 { P=0.027
T T T T T T T T T
0 30 60 90 120 0 25 50 75

Time (months)
|

Time (months)

: )
High 78 22 h2 i

High 9| 25
RNF44 RNF44
Low Low
—— High —— High
(d) (e)
N stage: NO Histologic grade: G3
B & 1.0
= = 084
; ;
—5 @ 0.6 -
S ="
= = 0.4+
Z Z
2 0.2 overall Survival 2 0.24 overall Survival
(2 HR = 1.88 (1.21-2.93) Vﬁ) HR = 1.86 (1.01-3.41)
0.0 4 P=0.005 0.0 { p=0.046

0 30 60 9 120 0 30 60 9

120

Time (months) Time (months)
High 12744 | 1 ¢ High 61|18
RNF44 RNF44
Low Low
—— High —— High
(g (h)
Albumin (g/dl): >=3.5 T stage: T1&T2
JRUE R 1.0
2 e
= 0.84 Z 0.8+
3 2
'§ 0.6 e 0.6 4
2 a,
= 0.4 = 0.44
2 2
i 0.2 4 Progress Free Interval —r E 0.2 4 Progress Free Interval
= HR = 1.53 (1.06-2.20) =3 HR = 1.51 (1.05-2.15)
«» 00 4 P=0.025 @ 00 4 P=0.025
0 25 50 75 100 0 30 60 90 120
Time (months) Time (months)
High 1#? 25 | ¢ High H8——28
RNF44 RNF44
Low Low
—— High —— High
G (k)

11

BMI: <=25
1.0+
>
=
= 0.8
<
8 0.6
=
o
= 0.4
2z
E 0.2 4 Overall Survival
uﬁ) HR = 1.92 (1.13-3.25)
0.0 4 p=0015
T

0 30 60 90
Time (months)

120

High 891 25

RNF44
Low

—— High
®

Race: Asian
1.0 4 +

0.8 +
0.6

0.4

0.2 - Overall Survival
HR = 2.86 (1.52-5.41)
0.0_ P =0.001
0 25 50 75
Time (months)
| 3 | 9 |k | |
o o | [ |4
T T T T
RNF44
Low

—— High
)
N stage: NO

Survival probability

High

1.04
0.8
0.6 4
0.4
0.2 4

Progress Free Interval
HR = 1.69 (1.19-2.42)
0.04 P=0.004

T

Survival probability

0 30 60 920
Time (months)

120

——

High 1 20

RNF44
Low

—— High
)

FI1GURE 5: Diagnostic value of the expression and the survival analysis of RNF44 in HCC. (a) ROC curve for differentiating normal people
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subgroup patients. *P <0.05, **P <0.01, ***P <0.001, and****P < 0.0001.

experiments. Despite our meaningful findings, this study
also showed some limitations. On the one hand, a sufficient
number of local validation groups should be used to validate
the analysis results of the common database. On the other

hand, there was a lack of in vivo and in vitro experiments to
probe the mechanism of RNF44 in the development of HCC.

In conclusion, this study demonstrated that the ex-
pression of RNF44 was significantly elevated in HCC and
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TaBLE 5: Univariate and multivariate COX regression analysis for disease-specific survival in the TCGA cohort.

o Univariate analysis Multivariate analysis

Characteristics Total (N) . .
Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

T stage 370
Tl & T2 277 Reference
T3 & T4 93 2.177 (1.590-2.980) <0.001 0.372 (0.080-1.732) 0.207
Pathologic stage 349
Stage I & stage II 259 Reference
Stage III & stage IV 90 2.201 (1.591-3.046) <0.001 4.112 (0.871-19.421) 0.074
Gender 373
Female 121 Reference
Male 252 0.982 (0.721-1.338) 0.909
Age 373
<60 177 Reference
>60 196 0.960 (0.718-1.284) 0.783
BMI 336
<25 177 Reference
>25 159 0.936 (0.689-1.272) 0.673
Histologic grade 368
Gl & G2 233 Reference
G3 & G4 135 1.152 (0.853-1.557) 0.355
AFP (ng/ml) 279
<400 215 Reference
>400 64 1.045 (0.698-1.563) 0.832
Fibrosis Ishak score 214
0 75 Reference
1/2 and 3/4 and 5/6 139 1.363 (0.911-2.039) 0.132
N stage 258
NO 254 Reference
N1 4 1.370 (0.338-5.552) 0.659
M stage 272
MO 268 Reference
M1 4 3.476 (1.091-11.076) 0.035 2.266 (0.632-8.123) 0.209
Weight 345
<70 184 Reference
>70 161 1.016 (0.750-1.375) 0.920
Height 340
<170 201 Reference
>170 139 1.252 (0.919-1.706) 0.154
Albumin (g/dl) 299
<35 69 Reference
>35 230 0.911 (0.618-1.341) 0.636
Adjacent hepatic tissue inflammation 236
None 118 Reference
Mild & severe 118 1.238 (0.867-1.768) 0.241
Prothrombin time 296
<4 207 Reference
>4 89 1.100 (0.785-1.541) 0.581
Child-Pugh grade 240
A 218 Reference
B&C 22 1.395 (0.765-2.545) 0.277
Vascular invasion 317
No 208 Reference
Yes 109 1.676 (1.196-2.348) 0.003 1.332 (0.885-2.006) 0.169
RNF44 373
Low 187 Reference
High 186 1.511 (1.129-2.022) 0.006 1.483 (1.003-2.195) 0.049

Note. The stages were graded according to AJCC7. RNF44: RING Finger protein 44; AJCC7: American Joint Committee on Cancer 7th edition. Bold means
statistically significant.
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FIGURE 6: A nomogram about progression-free interval. (a) A nomogram for predicting the 1-year, 3-year, and 5-year progression-free
interval survival probability of HCC patients. (b) ROC curves of the nomogram. *P < 0.05, **P <0.01, ***P <0.001, and ****P <0.0001.
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was correlated with the degree of immune invasion of some
immune cells, as well as the prognosis of hepatocellular
carcinoma. The results of this study provided a new potential
marker and target for HCC therapy.
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Objective. To evaluate the therapy of autologous fat fine-grain transplantation in the application of antiaging facial by
metaelaboration method. Methods. In Chinese and English databases, such as Wanfang, Weipu, CNKI, PubMed, Cochrane
Library, and EMBASE, the literature on the use of autologous fat fines graft in antiaging facial was collected, covering
randomized comparative trials, nonrandomized comparative studies, comparative case studies, cohort studies, case reports,
and so forth. Meta-analyses were also conducted on complication rates, beauty seeker satisfaction, and one-shot success
rates. Results. This study included 23 studies that held metaelaborations, including a total of 2852 beauty seekers. According
to metaelaboration, the complication rate was 0.02 (95% CI: 0.01, 0.04), the satisfaction rate of beauty seekers was 0.95 (95%
CI: 0.91, 0.97), and the success rate of one injection is 0.79 (95% CI: 0.73, 0.84). Conclusion. Autologous fat fine-grain
transplantation is obvious and stable in the use of antiaging facial, and it is necessary to popularize the use in

clinical practice.

1. Introduction

Studies have found that the important reasons for facial aging
are sagging skin, subcutaneous soft tissue reduction, volume
reduction, and deep tissue relaxation leading to wrinkles and
depressions in the face. For the above reasons, plastic sur-
geons often use the method of facial supplementation to
enable beauty seekers to achieve antiaging results in the face
[1]. The facial supplements that are often used in plastic
surgery now mainly need sodium hyaluronate, collagen egg
whites, and autologous fat fines. This autologous fat fine grain
has reached the application of all-round application in the
face antiaging because of its roots, material selection bento,
nonimmune exclusion response, and so on.

In order to illustrate the clinical effect and stability of
this method, we searched the literature published at home
and abroad on the use of autologous fat fine particle
transplantation in antiaging facial, and this skill is elab-
orated on the physical meta-analysis, with a view to using

the technique in the antiaging of the face in plastic
surgery.

2. Materials and Methods

2.1. Search Strategy. We comply with the requirements of
the PRISMA statement and write meta-anaylsis. Wanfang,
Wipu, CNKI, PubMed, Cochrane Library, EMBASE and
other Chinese and English databases are searched. The time
is indeed from the construction of the library to October
2021. The important Chinese words used are “fat grafting”
and “face anti-aging.” This study seeks to have no language
restrictions, only the values available in the literature.

2.2. Criteria for Inclusion and Exclusion of Literature

2.2.1. Inclusion Criteria. The literature review was con-
ducted by 2 researchers, and the literature was screened
according to the specially formulated inclusion criteria: (1)
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The research strategy was randomized comparison experi-
ments and nonrandomized comparison experiments for
autologous fat fine-grain transplantation in the use of an-
tiaging facial, as well as comparative case studies, cohort
studies, and case complaints. (2) The evaluation goals of the
study covered the postoperative complication rate, the
satisfaction of the beauty seekers (the satisfaction of the
beauty seekers after they treated the injection of autologous
fat particles), and the success rate of one injection (i.e., only
one injection of autologous lipids) [2].

2.2.2. Exclusion Criteria. Exclusion criteria were repeated
publications of the literature and acceptance of non-
autologous fat fine-grain transplantation methods for an-
tiaging facial.

2.2.3. Numerical Collection and Literature Evaluation.
The first browsing of literature should be selected to hold
literature selection, clear the contradictory literature that
does not conform to the norms, and select again after the
selection of literature browsing the full text. If there is a
disagreement on the literature choice, the decision is made
by the participation of the third reviewer or after discussion
between the two researchers. In order to facilitate the ex-
traction of data, meta-analysis elaborated a special data
extraction table, the author’s name, publication time, re-
search area, sample volume, number of events generated,
and evaluation objectives of important extracted documents.
Literature quality evaluation is achieved using the New-
castle-Ottawa Scale (NOS), from the selection of the number
of diseases to the comparison and follow-up of results. 3
literature quality evaluation is oriented in different ways. The
highest quality of literature is 9 stars and the lowest is 0 stars

[3].

2.3. Statistical Analysis Methods for Data. STATA version
12.0 was used for this metaelaboration. Q inspection and I*
inspection are used to check the heterogeneity of the lit-
erature classified, and it is stipulated that P<0.1 in Q in-
spection indicates heterogeneity. In accordance with the
Cochrane text, 50% of the P> in the I’ test denotes het-
erogeneity. Following the check effect, if the heterogeneity of
the literature is classified, the random-effects model is used
for elaboration; conversely, the solid-effects model is used
for explanation. In the original values of the literature, if P is
between [0.3, 0.7], the metaexposition is held directly, and,
conversely, the double sine cosine (the double arcsine
method) transforms the values so that they fit into a normal
distribution before holding metaelaboration. The final re-
sults obtained from the application are illustrated by ap-
plying the recovery of the numerical conversion hysteresis
line meta-analysis. The Begger check was used to assess the
distribution bias of the entrenched literature, and P <0.05
was specified as the residual distribution bias [4].

Journal of Healthcare Engineering
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2.4. Search Policy. Comply with the code of the Cochrane
Interventions System Assessment Manuscript and accept the
system evaluation and metaelaboration of the preferred
application for the business (PRISMA) to declare the supply
of styles, as “fatgrafting, fatgraft,” fattransplantation, fat-
transfer, fatinjection, fatImplantation, fatfiller, lipofilling,
lipotransfer, lipomodeling, lipostructuring, lipofiller, lip-
oinjection, lipograft, and adipocytegraft. For search terms,
overall, repeatable electronic searches were made in
PubMed, EMBASE, and Cochrane Library, ranging from
library construction to 2021. In November, it was deter-
mined that all published studies included subjects who re-
ceived autologous fat grafting to the face as a dry
premeasure, with no limits on literature or language.

3. Research Design

3.1. Exclusion Specification

(1) Exclusion of those who receive autologous fat
grafting due to facial defects caused by external sores,
removal of masses or iatrogenic causes, and exclu-
sion of those who have a personal or clan history of
facial cancer.

3.2. Literature Selection. Following the above rules, two
researchers independently read all the retrieved literature
titles and abstracts and, after clearing the studies that were
obviously self-contradictory and classified into the norm,
held a full-text view of the studies that were roughly suitable
for inclusion. The two researchers interspersed the effect of
the classification of the studys; if there is a different discussion
treatment, the discussion is not handled, and the third re-
searcher is asked to determine whether to be classified.

3.3. Literature Value Collection. The two researchers col-
lected the entire selected literature in detail. When the
original data is not neat or missing, the supplementary value
published by the author will be applied. When key values are
reported only in pattern form, the Digitizer soft device is
used to collect the values. Using the canonical estimation
equation applied in meta-analysis, the continuous values of
the pattern from the digital maximum to the small value
domain are converted to the equivalent gauge difference.
The presentation is held on the basis of the value of the
material presentation (e.g., satisfaction) transferred to a
ratio.

The collection of usual materials is held in accordance
with the predrawn table, such as the author, the time of
publication, the place of jurisdiction of the author, the type
of research, the total number, the grade, and the average age
of the research subjects. Then, more detailed data collection
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was held on the classified studies in three departments,
which were the fundamental and quota numerical groups,
covering detailed treatment methods, and body mass index
(BMI). Uniform surgical frequency, follow-up length,
number of cases of patient number, number of patient heart
cases, number of complication cases, number of biopsy
cases, uniform fat injection volume and fat survival rate; the
second type of information is the corresponding informa-
tion of the perioperative period. It covers the anesthesia
variety, supply area location, liposuction status, fat resolu-
tion status, fat injection condition, injection organization,
uniform surgery, and postoperative care; the third type of
information is postoperative follow-up content, covering the
variety, time, and unusual conditions of the imaging ex-
amination, the accuracy of the measurement method of
facial material change, the variety of complications, and
detailed cases number [5].

4. Result Objectives

The merger effect objectives of the study covered patient
number satisfaction, operator satisfaction, uniform number
of surgeries, postoperative complication rate, and postop-
erative biopsy rate.

4.1. Data Solutions. STATA/SE15.1 (TX 77845, USA,
package meta-analysis) was applied for metaelaboration. The
heterogeneity test method is I” statistics, and the merger
effect refers to the target method as inverted variance (IV)
method. Goals such as patient number satisfaction, operator
satisfaction, postoperative complication rate, and postop-
erative biopsy rate are all in areas that are relatively large or
may not be large, and about 95% believe in interval CI. In the
case outside of (0,1), perhaps the P value is too close to 0 to
show a variance of 0, and it is not possible to hold an inverted
variance merger, so the value of this rate needs to pass the
sine and cosine. The technique holds a numerical conver-
sion, and the amount of the merger effect is then returned to
the conversion rate for indication. All effect targets are
random-effects models and are expressed in the pattern of
forest diagrams. All of the merger effects described above are
expressed in the rate and 95% confidence interval. Uniform
surgical frequency is a metaelaboration of the incidence
density of the one-handed study, using a random-effects
model, and therefore the forest schema is revealed, with a
uniform surgical frequency and a 95% confidence interval.

5. Results

5.1. Classified into Literature. A total of 629 articles were
searched, of which 166 were cleared due to repeated searches
and 404 were requested to be cleared due to the paradoxical
acceptance of surgical methods other than autologous fat
fine-grain transplantation and evaluation specifications due
to brief descriptions of styles, interference methods, and so
forth. After browsing the full text, the literature was removed
due to self-contradictory inclusion in the norm or the in-
ability to collect useful values. In the end, 23 articles were

selected, including 2852 cases of beauty seekers. The detailed
operation process is shown in Figure 1.

5.2. List of Values Classified into Documents.
Metaelaboration effect of the complication rate of the effect
is as follows: Because the original value P is not all in the field
of [0.3, 0.7], the double sine cosine method is used to
transform the value to fit the normal distribution and then
held metaelaboration. The effect obtained after applying the
random effects model was P=0.28 (95% CI: 0.18, 0.38) for
the heterogeneity (P =0, 12 = 84.1%) retained in the literature
[6]. Application 1 restored the effect and obtained the full
postoperative complication rate P =0.02 (95% CI: 0.01,
0.04), as shown in Figure 2.

For meta-analysis of the satisfaction of the seeker, be-
cause the original data P is not all in the [0.3, 0.7] field, the
values are transformed to fit a normal distribution using the
double sine cosine method, and then the meta-analysis is
elaborated. Heterogeneity (P = 0, I* = 89.2%) was included,
and the effect obtained was P = 2.67 (95% CI: 2.53, 2.80)
using random-effects model. Then application 1 was applied
to restore the effect, obtaining a total satisfaction P = 0.95
(95% CI: 0.91, 0.97).

As regards the results of the meta-analysis of the success
rate of one injection, because the original value P is not all in
the field of [0.3, 0.7], the double sine cosine method is first
accepted to convert the value to make it fit the normal
spread, and then the metaelaboration is held. For the het-
erogeneity of literature retention (P = 0, I = 89.5%) and the
application of random-effects model to hold merger elab-
oration, the effect obtained was P = 2.18 (95% CI: 2.05, 2.31).
Application 1 restores the effect and obtains a total one-shot
success rate P = 0.79 (95% CI: 0.73, 0.84).

5.3. Publication Bias. Apply Begger check to check publi-
cation bias, stipulating that P <0.05 is the persistence of
publication bias. The effects of postoperative complication
rate, disease number satisfaction, and success rate of a single
injection were P =0.218, 0.367, and 0.270, respectively,
suggesting no significant publication bias.

The metaelaboration analysis showed that the postop-
erative complication rate of autologous fat fine-grain
transplantation in the application of antiaging facial was P =
0.02 (95% CI: 0.01, 0.04), and the satisfaction of beauty
seekers was P = 0.95 (95% CI: 0.91, 0.97). The success rate of
a single injection was P =0.79 (95% CI: 0.73, 0.84). The
postoperative complication rate of autologous fat fine-grain
transplantation in the use of antiaging facial disease is 2%,
and, according to the literature, the important complications
are inflammation, fat nodules at the injection site, and ex-
cessive fat filling. 95% of the beauty seekers were satisfied
with the method used in antiaging facial, and the success rate
of a single injection was 79%. It can be seen that this method
is safer and has a good effect [7].

This study is metaelaborated and, after Q inspection and
I? inspection, it was found that the literature was classified as
heterogeneous. The reasons may be as follows: (1) The types
of studies classified in the literature are different, including
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FIGURE 1: Flow chart of meta-analysis literature screening.

randomized comparative studies, nonrandom comparative
studies, case comparisons research, and formation studies.
(2) The beauty seekers who study needle pairs are from
North America, Europe, and Asia, and the aesthetics are
different. (3) There are differences in the way autologous fat
fines are used in the study. (4) At the time of follow-up of
researchers, the evaluation norms accepted by each study
were different. (5) After the test of the NOS scale, the quality
of the literature classified is different, and the high-quality
literature is less [8].

Due to the limitations of this study, clinical studies on
the use of autologous fat particle grafting in antiaging facial
applications, especially large-scale clinical randomized
controlled studies, still need to be further studied in depth.

5.4. Literature Search Effect. According to the search strategy
that has been formulated, a total of 1389 articles were
searched; 1 document was obtained by reference to litera-
ture, and 867 documents were obtained after excluding
repeated literature. After browsing the title and abstract, 763
articles were cleared, and 104 articles were obtained in the
initial screening. After browsing the full text, a total of 30

articles without full text and corresponding author were
cleared, and 74 articles classified as definitive evaluations
were obtained. The meta-analysis was followed to classify the
number of canonical clearance cases in 5 and below, and 59
cases were obtained after the respondents said that the heart
rate was at least one. There were still two studies suspected of
stacking finished products with the same author, and the
most appropriate research was accepted, and 26 literature
were obtained for inclusion in the study [9].

5.5. Basic Data Characteristics of the Included Studies. A total
of 2852 beauty seekers were included in 23 studies, aged 11
to 63 years. The publication period was from January 1987
to October 2021, and most of the studies were after 2008.
Those studies have their roots in 20 countries around the
world, mostly in Europe, North America, and Asia, and the
current three countries in the number of studies are France,
the United States, and Italy. Most of the studies were based
on a low grade; only one study was a randomized com-
parative study, but the comparison group was not actually
included in the evaluation content of this system, so the
literature was based on grade 2b to 5 (grading follows
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Study ID ES(95% CI)  veisht
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FiGure 2: The incidence of postoperative complications in a meta-analysis forest map.

Oxford College’s Five-Level Norms for Documentation
Categories by the Central Centre for Evidence-Based
Medicine).

Twenty studies in 1885 cases were classified as meta-
elaborations, published from 2007 to 2021. There were 21
cohort studies, 17 prospective cohort studies, and 4 retro-
spective cohort studies. There were 4 comparative case
studies and 32 case combination studies. The follow-up
period ranged from 3 months to 25 years, with an average of
23 months. BMI was 17~30kg/m”. Patient numbers can be
divided into two categories: facial aging (93.1%, 2655 cases)
and facial profile moulding (6.9%, 197 cases). To achieve a
larger result, the number of surgeries is usually 1 to 5 times.
Five studies had a comparison group, three of which were
not related to fat grafting and only the fat grafting group was
included in the study. Because most studies did not have a
comparison group, it was not possible to compare AFT with
a comparison group in a meta-analysis. Complication rates
were the most common reported effect in the studies (19
studies, 2031 case numbers). This was followed by 11 studies
(1086 case numbers) that reported uniform surgical fre-
quency, as well as patient number satisfaction (17 studies,
1137 patient numbers) and operator satisfaction (11 studies,
742 case numbers). Twenty-one studies (1483 case numbers)
reported at least one-time point face measurement 3, 6, 12,
and 18 months postoperatively to affirm the survival rate of
grafted fat regardless of when it is changed. Twelve studies
(670 cases) complained of biopsy rates due to unusual
clinical indications (e.g., mass involvement) or radiological
indications, including 2852 patient numbers; 2 cases of facial

cancer were consulted (0.04%). Another common satisfac-
tion assessment method is the VAS method (1 study, 31 case
numbers) and its scale (4 studies, 116 case numbers). The
scale assesses the patient number’s satisfaction with the
various margins of antiaging facial and the quality corre-
sponding to the face. Finally, one study evaluated the fat-
based vascular component SVF, but the numerical values are
lacking and cannot be classified into metaelaboration [10].

According to the different application methods of au-
tologous fat transplantation, it can be divided into four types
according to (AFT), autologous fat transplantation plus
(SUPP) (AFT + SUPP), autologous fat transplantation plus
BRAVA extension skills (AFT + BRAVA), autologous fat
transplantation combined with implantation (AFT + IMP).
Four groups conduct effect orientation surveys to reduce
heterogeneity between studies. They included fatty vascular
builder (SVF), platelet-rich plasma (PRP), adipose-derived
stem cells (ASC), and autologous adipose-derived regen-
erative cells (ADRCS) of 17 groups (1,164 cases) in simple
AFT group, 3 groups (92 cases) in AFT + SUPP group, 4
groups (750 cases) in AFT + BRAVA group, and 6 groups
(846 cases) in AFT + IMP group.

6. Perioperative Condition

6.1. Preoperative Preparation. Most of the studies were
conducted under general anesthesia combined with partial
anesthesia, which covered both general anesthesia intuba-
tion and intravenous general anesthesia. Some patients used
local infiltrative anesthesia alone; most of them were typical



of Klein solution, that is, swelling anesthesia technique,
which contains 30 to 50ml of 1% lidocaine per liter of
normal saline or sodium lactate forest format solution, 1 ml
of 1:100,000 epinephrine, with infiltration for 10 to 15
minutes. However, in five studies (748 patients), there was
no lidocaine in the swelling fluid. Four studies (331 patients)
used antibiotics, and only one study detailed how to use
them [11].

BRAVA was used in six studies to hold preenlargement,
and the important goal was to preexpand the receiving area
space, making it easier to obtain sufficient blood transport of
grafted fat to survive. Detailed application method: wearing
3 to 4 weeks before surgery, 10 to 12 hours a day, will have a
good effect.

6.2. Fat Supply Area Location. The belly, thighs, and lateral
belly are the most used parts in various studies, and the rest of
the back, waist, hips, arms, knees, buttocks, legs, and stomach
are less used, but the preferred parts are not recommended,
mainly according to the specific situation of the patient.

6.3. Liposuction Status. Liposuction skills are all about
accepting Coleman’s large-aperture sleeve and low-pressure
liposuction.

The pore size is usually 2 to 4 mm, led by a porous blunt
head, and the negative pressure is usually 0.4 to 0.6 standard
air pressure. However, there were some minor differences
between each of the studies, such as the negative root source
covering manual needle dispenser manipulation and ma-
chine liposuction machine manipulation. There were 21
studies on liposuction with manual syringes, 10 ml, 20 ml,
and 60 ml size needle syringes, 32 studies on liposuction with
machine liposuction machines, and 7 studies on the ap-
plication of hydrodynamic liposuction machines.

6.4. Fat Treatment Situation. 'The adipose tissue in 33 studies
was resolved by centrifugation, taking the pure adipose
tissue in the middle at a speed of 3000 rpm for 2 to 4 minutes.
110 studies used precipitation techniques, 3 studies used
filtration techniques, and 4 studies used cleaning methods.
Kang reported on the effects of slow centrifugation and
accumulation on postoperative fat dysphoria, suggesting
that slow centrifugation was simpler to cause postoperative
refractory nodules [12]. In particular, the history of facial
surgery or the number of patients who need repeated fat
transplantation is a significant risk factor. Twelve studies
used SVF, ASCs and ADRCs, and one used monocytes
derived from iliac bone marrow to enrich the body. Com-
pared with AFT group and AFT + SVF group, there was no
significant difference in fat survival rate at 6 and 12 months
after operation. SVF is divided into low-solubility and high-
solubility groups. There was still a great difference in fat
survival rate within 18 months (50% :75%) [13].

6.5. Fat Injection Process. Multistroke, multilayer, multi-
point, fan-shaped, and small oiler is commonly used in
grease injection. Syringes ranged from 1 ml to 60 ml and
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screw push syringes were equipped, each pumping 0.28 ml
of fat. Most of the injection needle research is in the lower
layer of the skin and the lower part of the gland, which
may be the gap of facial height, but the controversy lies in
the fact that injecting a needle into the facial muscularis
will lead to the formation of nodules in the muscularis and
pain during exercise. The injection volume is large, but
scientists are different. Only the AFT group is injected
with 50-420 ml at a time, while the AFT + SUPP group is
injected with 195-380ml, with 245-430ml in AFT + -
BRAVA group and 27-134ml in AFT +IMP group. Five
studies confirmed that, due to the direct absorption of
adipose tissue after operation, the amount of trans-
plantable fat should be increased by 30-50% compared
with the design index. Therefore, after astrological sta-
bility, the survival of all fat takes 6-12 months. In addi-
tion, both studies indicated that the interval between two
operations was 3 or 6 months, which was similar to the
method, during the postoperative visit, and fat survival
and survival variables, i.e., E. Education. [14].

6.6. Duration of Surgery. 14 studies on the duration of
surgery ranged from 60 hours to 240 hours, mainly about
120 hours. Long-term studies were conducted during the
operation. It may be related to the preparation of SVF,
sometimes requiring a large amount of fat injection and
longer liposuction time [15].

Almost all studies conducted one year after surgery and
within one year after surgery were accompanied by facial
audio and myocardial angiography; most of them were
reclassified within 6 months, compared with BI-RADS3 and
BI-RADSI or BI-RADS2. Spear company reported a case of
BI-RADS type 4 disease, which was negative in field test [16].

6.7. Concurrent Condition. 19 studies (2031 cases) reported
complications mainly caused by lime kilns of different sizes,
lipodystrophy and lymph nodes, infection, dislocation,
transplant defects, and dents in supply areas in affected
areas. In 30 cases, postoperative complications required
further operation [17].

After 23 months of unified visit, the data of 2852 patients
in 23 studies were transformed into two-level vertical lines,
which were taken on the basis of random-effects model I. The
cumulative case satisfaction was 93%, the confidence interval
was 95%, and the intergroup heterogeneity analysis was
P>0.01. There were no significant group differences. In
addition, in 11 studies of 742 patients, 87% of respondents
were satisfied with the treatment effect and 95% believed that
treatment and time intervals are long [18].

According to our analysis of Aloe vera, 4,031 patients in
49 studies had an 8% reduction in clinical complications and
95% of patients had intervals [19].

In 21 studies, 2093 cases were diagnosed, and the
metadata was crushed. The investigation of intergroup
heterogeneity was I°=98.8% and P <0.01. Other surgeons
may consider surgery, and the difference between the
number of diseases and perinatal conditions is more
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TaBLE 1: Research basic data sheet.

Author (year) Author territory

Type of study

Total number of people Level of evidence Average age

Meyer-Marcotty (2021) America Prospective cohort studies 78 2b 39
Zhu L (2022) China Case series studies 8 6 37
Zhang HY (2021) China Case series studies 46 4 34
Manuneedhi Cholan P (2021) UK Case series studies 20 5 32
Burian M (2021) Australia Case series studies 30 4 36.9
Wang Y (2021) China Case series studies 32 4 45

relevant. The total uniform operation frequency of random-
effects model is 1.59 times of 95% confidence interval (1.27,
1.91).

The meta-analysis showed that 5% of the 12 studies (670)
were to treat autoimmune fat at the waiting interval (-2.12).
Because the bed may be associated with unusual images or
tumors, histopathological examination is required [20].

6.8. Metaregression Model. In 21 studies (1483), the results
of 4 groups varied according to the method of artificial or
mechanical transplantation of lipids and fats. The sur-
vival rate of fat was different. A regression model with
P <0.01 was established, and the relationship between the
studies immediately after operation was pointed out;
differences remained. Especially 6 months and 12 months
after operation, there was no difference in covariance
between liposuction and fat transplantation (P> 0.01);
see Table 1 [21].

Within 12 months after operation, the fat survival rate
and time ratio gradually decreased by 50% to 70%. Over an
18-month period, only one study (57 patients) had a sig-
nificant but unrepresentative impact on the trend chart.
Longer access times require wider coverage.

7. Discussion

Many factors affect the survival rate of adipose tissue, such as
fat survival rate during transplantation, liposuction position,
lipid extraction method, and fat purification solution, as well
as injection methods, space and pressure in the transplant
environment, use of supplements, blood circulation, and
general nutrition. There are two methods of liposuction:
traditional manual liposuction and mechanical liposuction.
Liquid liposuction is a new method of mechanical lipo-
suction. Current cleaning methods include stacking,
screening, cleaning, and centrifuging. One of the ways to
improve blood supply after autologous fat transplantation is
cellular fat transfer (CFL). Increase the local solubility of
adipose stem cells (ASC) to improve survival, as well as
related cytokines, such as hypertrophic plasma (HP). It is
used to improve vascular fat transplantation and reduce
fibrosis and calcification [22].

Autologous facial reconstruction has been widely used in
plastic surgery, but there is no unified method to evaluate the
postoperative efficacy. At present, the satisfaction assess-
ment of patients or operators mainly includes Likert form
and VAS form. The postoperative survival rate of fat includes
examination method, volume acquisition rate, survival rate,

and growth rate. Among these evaluation methods, most
researchers use the survival index as a method to evaluate the
effect of autoimmune fat on facial aging. Face volume
measurement methods include molding, drainage, and
image forming methods, such as BSM, CT, MRI, and 3D
scanning, However, the most common imaging methods are
still CT and MRI. Another objective indicator of efficacy is
the number of operations. The biopsy rate reflects the safety
of surgical tumors [23].

In this study, we systematically evaluated various
methods of facial fat transplantation. The research topic,
perinatal status, and surgical methods of autologous fat
transplantation were described in detail. Postoperative video
surveillance and complications were described from the
aspects of satisfaction of potential patients and surgeons and
operation frequency. The incidence of complications, the
survival rate of the fat at the time of grafting, and the stability
of the tumour margins after surgery are strong evidence for
clinical application.

Autologous fat transplantation (AFT) refers to the ex-
traction and dispersion of subcutaneous fat in the abdomen,
thighs, and other parts of the body. Then inject it into other
necessary parts of the body, such as face and scar. The facial
fat transplant changed. In recent years, no negative side
effects have been reported, so this technology is more and
more widely used in the field of plastic surgery.

According to the electronic evaluation method of
COCHRANE system, the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) is sys-
tematically analyzed and optimized. The search dates were
PubMed (1950-2021.11), EMBASE (1946-2018.11), and
Corcoran Library (Architecture-2021.11), respectively. In
the digital library, there are no restrictions on the language
and category of literature. According to the classification law
of literature selection, autologous fat is selected for face
transplantation. For antiaging of relevant documents, col-
lection of adjustment values, and convergence of relevant
values into system evaluation, according to the quantitative
meta-analysis method, STATA/sel5 statistics are used to
summarize the performance indicators. Efficacy indicators
include patient satisfaction, operator satisfaction, average
number of operations, incidence of complications, fat sur-
vival rate, and biopsy index [24].

A total of 23 studies were conducted under the regu-
lation, involving 2852 cases, of which 10 were individual
cases, seven case studies were excluded because their sig-
nificance could not be confirmed, and 16 studies included
2800 cases. Fourteen studies were conducted according to
the five-step normative transformation of the document



classification center of Oxford Medical School, fact-based
studies, mostly based on lower indicators, and only one
study was conducted randomly, However, it is not included
in the system overview. Therefore, literature ranks from 2b
to 5. These studies have been carried out in 20 countries
around the world, mainly in Europe, North America, and
Asia, and three countries ranked first, second, and third in
the number of studies, that is, France, the United States, and
Italy. Among them, 57 were divided into 21 cohort studies,
17 advanced cohort studies, and 4 cohort studies. A total of 4
comparative studies and 32 studies were conducted. For a
long time, the stability of cancer tumors in these patients has
not been established. According to the results of Omega
optimization, the overall satisfaction of patients was 93% and
that of surgeons was 87%, and these percentages were
generally high.

8. Conclusion

Autologous fat transplantation is an important method of
facial plastic surgery, with high patient satisfaction and less
surgery; the rate of clinical and radiological complications is
low, the survival rate of fat is poor, and there is no clear
conclusion. The safety of tumor needs continuous
observation.

Automobile fat transplantation has been used for more
than 100 years. In 1893, the operation of filling soft tissue
defects with small pieces of free fat was first reported. In
1987, a patient’s own fat was injected into his face for the first
time. Since then, autologous fat transplantation has opened a
new chapter in facial plastic surgery.
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Objective. To explore the effects of different intervention methods on intestinal cleanliness in children undergoing colonoscopy.
Methods. 61 children who underwent colonoscopy in our hospital from May 2020 to May 2021 were randomly divided into group
A (n=21), group B (n=30), and group C (n=10). The children in the three groups were intervened in different ways before the
colonoscopy. Group A received a long-handled Kaiselu +1 cathartic intervention, while group B received a long-handled Kaiselu
+2 cathartic intervention, and group C received an enema plus one cathartic intervention. The patients in the three groups were
given the same diet before the examination until the examination was completed. The time-related indexes, cleanliness, adverse
reactions, tolerance, and adaptability of the three groups under different dietary interventions and cleaning methods were
evaluated. Results. The first defecation time in group C was lower than that in group A and group B, the hospital stay was longer
than that in group A and group B (p >0.05), and the colonoscopy time in group C was shorter than that in group A and group B
(p <0.05). The BBPS score of group C was (2.10 + 0.32), which was significantly higher than that of group A (1.16 £ 0.19) and group
B (1.77 £ 0.18) (p < 0.05). The BBPS scores of children with liquid food in the three groups were significantly higher than those of
common food, and the BBPS scores of liquid food and common food in group C were significantly higher than those in group A
and group B (p <0.05). The incidence of adverse reactions in group C was 20.00%, which was significantly lower than 33.33% in
group A and 23.33% in group B (p < 0.05). The proportion of grade I in group C was 50.00%, which was significantly higher than
38.10% in group A and 43.33% in group B (p < 0.05). Conclusion. Children undergoing colonoscopy take preintestinal preparation
under different diets and intervention methods. The cleanliness of liquid food and enema + one-time laxative one day before
colonoscopy is the best, which can significantly reduce adverse reactions and increase the acceptability and adaptability of
children. It is worthy of clinical application.

1. Introduction

As one of the clinical fiber endoscopes, colonoscopy can
observe the internal conditions of the rectum, colon, cecum,
and part of the small intestine through anal reverse insertion.
The lesions and degree of the digestive system can be clearly
understood by using an objective lens and a light image
conversion system to assist in clinical surgical examination
and operation [1, 2]. Colonoscopy has been used for pe-
diatric digestive tests since the 1980s. As the main

examination method for the diagnosis of colorectal diseases
in children, its disease detection rate and safety are high, and
it is widely used in pediatrics [3]. Whether colonoscopy can
be carried out smoothly depends mainly on intestinal
preparation. High-quality intestinal preparation can not
only clear the observed lesion location and degree, improve
the disease detection rate and the success rate of endoscopic
treatment, but also shorten the examination time. At the
same time, it is convenient for medical staff to check the
operation and relieve patients’ discomfort [4, 5]. During
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clinical colonoscopy for children, the examination is often
performed under general anesthesia, considering the ac-
ceptance degree, physical dosage, and tolerance of children.
Intestinal examination preparation should be arranged
according to child’s age, physical condition, clinical symp-
toms, digestive status, and examination willingness [6]. At
present, there are many preparation programs, among which
physiological saline enema, oral magnesium sulfate, or
mannitol are important drugs for adults to clean the in-
testine before examination. However, it may cause adverse
reactions such as hypoglycemia, and the cleaning effect is not
good. Therefore, it is necessary to further find a safer, fea-
sible, and cleaner plan for the intestinal preparation of
children [7, 8]. Casserole long stem uses hypertonic reac-
tions caused by glycerin or sorbitol to soften metabolites and
stimulate intestinal wall reflexes to cause defecation be-
havior, which has limited stimulation to the body and is
often applied in constipation and intestinal preparation with
minor adverse reactions [9, 10]. In this study, children
undergoing colonoscopy were treated with different intes-
tinal prepreparation interventions since May 2020, aiming to
explore the effects of different interventions on intestinal
cleanliness and comfort of general diet and liquid food. The
report is as further discussed in this study.

2. Data and Methods

2.1. General Information. In this study, 61 children who
underwent colonoscopy in our hospital from May 2020 to
May 2021 were selected as the subjects and randomly divided
into group A (n=21), group B (n=30), and group C (n=10)
according to the time of admission. There were 9 males and
12 females in group A with an average age of 11+1.2
months, including 2 abdominal distension, 2 diarrhea, 2
constipation, 1 mucus, and no fistula. In group B, there were
14 males and 16 females, with an average age of 9.2+ 0.8
months, including 1 case of abdominal distension, 12 cases
of diarrhea, 2 cases of constipation, 1 case of mucus, and no
fistula. In group C, there were 7 males and 3 females, with an
average age of 8.4+0.6 months, including 2 abdominal
distension, 3 diarrhea, 1 mucus, no fistula, or constipation.
There was no significant difference in baseline data between
the three groups (p > 0.05), indicating comparability. Before
colonoscopy, three groups of children were given different
interventions: group A was given carcerol long-stalk +1 time
of laxative intervention, group B was given carcerol long-
stalk +2 times of laxative intervention, and group C was
given enema +1 time of laxative intervention. All patients in
the three groups were given the same diet before the ex-
amination until the examination was completed. This study
was approved by the hospital medical committee.

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
were as follows: (1) in line with the diagnostic indication
criteria in Expert Consensus on Standardized Operation of
Gastroscopy and Colonoscopy for Children in China [11];
(2) the colonoscopy was performed for the first time, and the
colonoscopy criteria were met; (3) aged from 3 to 18; (4)
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clinical manifestations include lower gastrointestinal
bleeding, abdominal pain, diarrhea, anemia, perianal lesions,
and lower gastrointestinal diseases; (5) no cognitive im-
pairment, mental system diseases, and so on; and (6)
complete clinical data; study subjects, family members or
legal guardians, were informed of the contents of the project
and signed informed consent.

The exclusion criteria were as follows: (1) patients with
serious dysfunction of heart, liver, kidney and blood vessels;
(2) with intestinal obstruction, gastrointestinal bleeding or
perforation, intestinal infection, toxic enteritis, and intes-
tinal volvulus; (3) complicated with peritonitis, abdominal
mucosa, megacolon crisis, and abdominal malignant tumor;
(4) patients with hypertension, hyperglycemia, and other
chronic diseases; (5) With moderate or severe diarrhea and
constipation; (6) with coagulation disorder, allergic to the
study drugs or have a history of severe allergy; and (7) poor
compliance, do not cooperate with visitors.

2.3. Research Methods. Preenteral preparation: after ad-
mission, all children were given psychological education,
explaining the examination items and telling their relatives
to soothe their anxiety. The history of allergy, surgery,
disease, and medication was filled in, and the specific
physical symptoms and basic information were explained.
A blood routine, a urine routine, and a cardiohepatic ex-
amination were performed. The diet, medication, time
arrangement, and matters needing attention during the
preparation period were informed. The number of defe-
cations, character, and physiological reactions were ob-
served during the preparation period. According to the
physical condition and tolerance of children, all patients in
the three groups ate as recommended the day before the
examination. In group A, there was 1 case of liquid food, 10
cases of semiliquid food, and 10 cases of general food. In
group B, there were 3 cases of liquid diet, 8 cases of
semiliquid diet, and 19 cases of general diet. In group C,
there were 2 cases of liquid diet, 3 cases of semiliquid diet,
and 5 cases of general diet. In order to prevent hypogly-
cemia, a supplement glucose electrolyte solution was given
before the examination. At the same time, fasting was
recommended for 4h to 6h before liquid food examinations
and 8h before general food examinations according to
different types of diet.

According to the Intestinal Preparation Guidelines re-
lated to the Diagnosis and Treatment of Digestive Endos-
copy in China [12], the dosage requirements of Kaiselu,
compound polyethylene glycol electrolyte powder (Shu-
taiqing (Beijing) Biopharmaceutical Co., Ltd.; State Drug
Approval H20040034), and enema for all children were
based on their physique, weight, and degree of disease. One
day before the examination, after dietary management, all
patients were given compound polyethylene glycol elec-
trolyte powder orally, 300g in 3000 mL, and it was taken
completely internally for 1h. Among them, patients in group
B received 80 mL/kg polyglycol electrolyte again at 8 : 00 a.m.
on the day of examination. Patients in group A and group B
were treated with long-handled Kaiselu intervention. All the
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glycerin in Kaiselu (20ml) was inhaled into a syringe
(without a needle), a part of the scalp needle was inserted
and paraffin oil was applied, and the needle was slowly
inserted into the child’s anus to the scalp, and the drug
solution was slowly injected into the rectum for 10 to
20 minutes before defecation. Group C was given a normal
saline enema and a glycerin enema after admission. Children
under 3 years old were given 250 ml of warn water. At the age
of 4-6years old, 550 ml of warn water given. From 6 to
9years old, 800 ml of warn water was given. Aged 10 years
and above, 1100 ml of warn water was given. During the
guidance of the prone position, it was kept longer.

2.4. Observation Indicators. Time-related indicators were
evaluated, including time of initial defecation, colonoscopy
time, and length of hospital stay, wherein colonoscopy time
was the time from colonoscopy insertion to complete
withdrawal. (2) Evaluation of intestinal cleanliness after
different intervention methods: the Boston Bowel Prepa-
ration Scale [13] (BBPS) was used to measure the quality of
bowel preparation in the three groups, which divides the
colon into three parts. They were the right colon (ileocecal
colon, ascending colon), the middle colon (transverse
colon, descending colon), and the left colon (sigmoid
colon, rectum), with a total of 3 points for each colon and a
total of 9 points. The higher the score, the better the
cleaning effect. (3) To evaluate the intestinal cleanliness of
different diets; (4) the incidence of adverse reactions in the
three groups was evaluated, including nausea, vomiting,
abdominal distention, abdominal pain, cold sweat, palpi-
tation, and dizziness; (5) the tolerance and comfort level of
the children in the three groups were evaluated. After
colonoscopy, questionnaire survey was conducted to
evaluate their comfort level and tolerance. And ask if you
would like to have another colon examination or
preparation.

2.5. Clinical Evaluation Criteria. Performed and recorded by
the same experienced endoscopic surgeon, intestinal
cleanliness was assessed by the double-blind method.

The scoring standard for the segmented cleanliness of the
intestinal tract was as follows [14]: the intestinal tract was
poorly cleaned, the intestinal lumen was filled with a large
amount of feces and feces residue, and no mucous mem-
brane was found, so the endoscopic observation was not
possible, and it was judged as 0. Intestinal cleanliness is poor,
a large number of feces and feces residue can be seen in the
intestinal lumen, and some mucous membranes can be seen.
Experienced patients can be forced into the microscope and
observation, and it is judged as 1 point. Intestinal cleanliness
was fair, a small amount of feces and fecal residue remained
in the intestinal lumen, and mucous membrane could be
seen. There was no obstruction in endoscopic and obser-
vation, and the field of vision was still clear, which was
judged as 2 points. The intestinal tract was well cleaned, no
feces or feces residue was found in the intestinal lumen, the
mucous membrane was clearly visible, and the field of vision

was good, which had no influence on the endoscopy and
observation. It was judged as 3 points.

Overall intestinal cleanliness scoring standard [15]: the
total score is less than 5 points or the score in any section is
less than 2 points, which indicates that the intestinal fecal
and fecal residue accumulation during colonoscopy is se-
rious and the examination cannot be carried out smoothly.
The total score of 6-7 was judged as good intestinal
cleanliness, indicating that the residual feces and fecal
residue in the intestinal tract during colonoscopy would not
affect the observation and treatment under colonoscopy.
Those with a total score of 8-9 were judged to have excellent
intestinal cleanliness, indicating that there was no feces and
fecal residue in the intestine during colonoscopy, and the
intestine was fully prepared.

Tolerance evaluation criteria [16]: i degree no obvious
discomfort, complete tolerance, complete acceptance of
second colonoscopy, and preparation. Degree ii mild dis-
comfort, tolerable, but acceptable for a second colonoscopy
and preparation. Grade iii was moderate/severe discomfort,
totally intolerable, and the second colonoscopy was refused
and prepared.

2.6. Statistical Treatment. The data were processed by SPSS
24.00  statistical software. The measurement data were
expressed as X+, and comparison between groups was
performed by the T'test. The counting data were expressed as
case number (1) and percentage (%). The y2 test was used for
comparison between groups, and p <0.05 indicated statis-
tically significant differences.

3. Results

3.1. Comparison of Time-Related Indicators. The results
showed that the time of initial defecation in group C was
shorter than that in groups A and B, and the length of
hospital stay was longer than that in groups A and B, with no
statistical significance (p>0.05). The colonoscopy time of
group C was shorter than that of group A and group B. The
difference was statistically significant (p < 0.05), as shown in
Table 1.

3.2. Comparison of Intestinal Cleanliness with Different In-
tervention Methods. The results showed that the BBPS score
of group C (2.10 + 0.32) was significantly higher than that of
group A (1.16 £0.19) and group B (1.77 £ 0.18). The differ-
ence was statistically significant (p <0.05), as shown in
Figure 1.

3.3. Comparison of Intestinal Cleanliness between Different
Diets. The results showed that the BBPS score of liquid food
in three groups was significantly higher than that of general
food, and the difference was statistically significant
(p <0.05). The BBPS scores of liquid diet and general diet in
group C were significantly higher than those in group A and
group B. The difference was statistically significant
(p <0.05), as shown in Table 2.
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TaBLE 1: Comparison of time related indicators (X +s).
Group A Group B Group C
Group (n=21) (n=30) (n=10) F p
Time of first defecation (min) 8.32+1.92 8.25+1.89 8.03+1.97 0.253 0.316
Colonoscopy time (min) 21.79 + 8.46 18.65+7.24 14.09 +6.03 2.420 0.025
Length of hospital stay (D) 3.54+0.68 3.94+0.72 4.23+0.79 4.071 0.102
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FIGURE 1: Comparison of BBPS scores by different intervention methods (note, compared with group (C) *p <0.05).
TaBLE 2: Comparison of BBPS scores by different dietary patterns (y+s).
Group A Group B Group C
Group (n=21) (n=30) (n=10)
Liquid diets 1.22+0.32* 1.91 +0.34% 2.20+0.37
Ordinary food 1.08+0.19*" 1.67+0.23** 2.00 +0.55*

Note: compared with liquid diet, * p <0.05. Compared with group C, #p <0.05, as shown as Figure 2.

3.4. Comparison of Incidence of Adverse Reactions. The re-
sults showed that the incidence of adverse reaction in group
C (20.00%) was significantly lower than that in group A
(33.33%) and group B (23.33%). The difference was statis-
tically significant (p <0.05), as shown in Table 3.

3.5. Comparison of Tolerance and Comfort. The results
showed that the proportion of i degree in group C (50.00%)
was significantly higher than that in group A (38.10%) and
group B (43.33%). The difference was statistically significant
(p <0.05), as shown in Table 4.

4. Discussion

With the change of people’s health consciousness and eating
habits, the examination of the upper and lower digestive tract
has been paid more and more attention. As a major exam-
ination device, colonoscopy can accurately detect the loca-
tion, type, and degree of lesions in the colon with significant
safety and feasibility [17]. The accuracy and quality of co-
lonoscopy largely depend on the cleanliness of intestinal pre-
preparation. Excellent cleanliness can smoothly insert the
colonoscopy, observe the mucosa and pathological tissues,
and improve the detection rate and treatment success rate of
intestinal diseases [18]. Intestinal cleanliness quality is closely
related to many factors, including diet before examination,

dosage and frequency of laxative, patient psychology, and
disease status. At present, most studies at home and abroad
focus on adult disease types, laxative selection and dosage,
diet, and other aspects. Most scholars believe that liquid or
semiliquid food should be eaten one day before the exami-
nation, and fasting should be required for 4 to 6 hours before
the examination. Biopsy or treatment is not suitable for such
patients, and a large number of samples are required for
verification. However, domestic studies on the intestinal
preparation of children are limited, especially in dietary
control [19, 20]. Due to the gastrointestinal function devel-
opment and dietary habits of children, the probability of
colonoscopy is increasing year by year, and the demand for
pediatric gastrointestinal preparation is increasing [21]. In
this study, children who underwent colonoscopy were treated
with different dietary controls and cathartic interventions,
respectively, to observe the cleanliness, tolerance, and
adaptability of intestinal preparation in each group.

There are many kinds of drugs for intestinal preparation
before colonoscopy, and their combinations and uses are
different. Due to the weak gastrointestinal function of
children, medication and dose need to be improved. Shan |
et al. [22] separately administered polyethylene glycol
electrolytes to patients undergoing morning colonoscopy for
intestinal prepreparation with a separate dose and a single
dose, and BBPS scores in the separate dose group were
significantly higher than those in the single dose group,
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TaBLE 3: Comparison of adverse reaction rate (cases, %).

Group A Group B Group C
Group (n=21) (n=30) (n=10) F P
Nausea 1 (4.76) 2 (6.67) 0 (0.00) — —
Vomiting 0 (0.00) 1 (3.33) 1 (10.00) — —
Abdominal distension 2 (9.52) 2 (6.67) 0 (0.00) — —
Abdominal pain 2 (9.52) 1(3.33) 1 (10.00) — —
Cold sweat 1 (4.76) 0 (0.00) 0 (0.00) — -
Heart palpitations 0 (0.00) 1(3.33) 0 (0.00) — —
Dizzy 1 (4.76) 0 (0.00) 0 (0.00) — —
Incidence of adverse reactions 33.33% 23.33% 20.00% 1.214 0.001
TaBLE 4: Comparison of tolerance and comfort (cases, %).
Group A Group B Group C
Group (n=21) (n=30) (n=10)
I 8 (38.10) 13 (43.33) 5 (50.00)
I 7 (33.33) 10 (33.33) 3 (30.00)
I 6 (28.57) 7 (23.33) 2 (20.00)
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F1GURE 2: Comparison of BBPS scores of different dietary patterns (left: group A; middle: group B; right: group C; note: compared with

liquid diet, * p <0.05; compared with group (C) (* p <0.05).

showing more significant tolerance and  satisfaction.
Gimeno-Garcia AZ et al. [23] believed that a low-residue
diet was more conducive to improving intestinal cleanliness
in patients undergoing colonoscopy during intestinal pre-
preparation, especially the effect of liquid or semiliquid food
intake one day before the examination was more significant.
The results of this study showed that the colonoscopy time of
group C was shorter than that of group A and group B; the
BBPS score of group C (2.10 + 0.32) was significantly higher
than that of group A (1.16 +0.19) and group B (1.77 £ 0.18).
The BBPS score of liquid diet was significantly higher than
that of general diet in the three groups, and the BBPS score of
liquid diet and general diet in group C was significantly
higher than that in group A and group B. Similar to the study
of Shan J and Gimeno-Garcia AZ, it indicated that taking
liquid food, enema, and one laxative one day before colo-
noscopy had the most significant cleaning effect. Semifluid
diet in intestinal preparation can drain the colon in a short
time and does not cause changes in colonic protein, water
electrolyte, and mucosa. In addition, it is necessary to meet
the physiological needs of children, improve the cleanliness
of the colon, and reduce the impact on colonoscopy. Enema
combined with polyethylene glycol electrolyte can increase
the osmotic pressure in the colon, have the advantages of

being rapid and thorough, and reduce the colon empty time.
At the same time, it will not cause electrolyte disorder in the
field, reduce the intestinal examination time and discomfort
of children, making it more suitable for children with in-
testinal fragility.

During intestinal preparation, different patients may
experience adverse reactions such as nausea, abdominal
distension, and cold sweat due to different physical signs,
gastrointestinal function, and tolerance degree. In addition,
due to the metabolic imbalance of the body itself, it will
aggravate gastrointestinal dysfunction and affect the de-
tection rate and treatment rate of microscopic lesions by
colonoscopy. Chen E et al. [24] used low-residue food and
no-residue food, respectively, for adenocarcinoma patients
undergoing colon cancer examinations. The results showed
that there was no significant difference in cleanliness be-
tween the two diets. The tolerance degree and fitness degree
of patients with a low-residue diet were higher than those
with a clear liquid diet, and the hunger of patients was
reduced. Yokoi A et al. [25] applied olive oil enema for
children with severe chronic constipation, and the results
showed that olive oil had a significant lubrication effect and
could treat most children with good results, with ideal
tolerance effect and adaptability. The results showed that the



incidence of adverse reactions in group C was significantly
lower than that in group A and group B. The proportion of
degree i in group C was significantly higher than that in
group A and group B. Similar to the study of Chen E and
Yokoi A, it indicated that children undergoing colonoscopy
had a lower risk of adverse reactions and a higher tolerance
and adaptability by eating dreg-free food, enema, and one
laxative for intestinal preparation one day before the co-
lonoscopy. As a commonly used laxative, Kaiselu is passed
into the rectum through glycerin or sorbitol to soften the
stool and stimulate the intestinal physiology to cause a
defecation reaction. Glycerin will accompany lubrication,
making it more conducive to defecation. However, carcerol
can cause swelling and pain in the perianal mucosa in
children and even stimulate the rectal mucosa, causing
discomfort in children. Through warm water or physio-
logical saline enema to promote physical absorption of water
in the large intestine and maintain the body water and
electrolyte balance. At the same time, can use pressure or
chemical stimulation to promote spontaneous defecation
and improve the coordination and tolerance of children.

5. Conclusion

In conclusion, children undergoing colonoscopy can eat
liquid or semiliquid food 1d before the examination and take
one enema and laxative bowel preparation to achieve ideal
intestinal cleanliness, reduce the incidence of adverse re-
actions, improve the tolerance and adaptability of children,
and provide a good intestinal environment for clinical ex-
amination and treatment. However, the following problems
still exist in this study: the sample size is limited, so it is
necessary to expand the sample size to explore its univer-
sality. The follow-up time is short, so it is necessary to
observe the gastrointestinal injuries of children for a long
time and adopt appropriate laxatives. The scope of the study
is one-sided, and the influence of other factors of intestinal
cleanliness on the experimental results should be discussed.
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Nursing is a vital health profession. In almost all clinical and hospital settings, nurses offer primary palliative care. Nurses are
recognized for their strong philosophy of care for a wide spectrum of disorders. No matter the sickness, condition, or clinical
situation, palliative care is considered essential in nursing practice. Palliative care nursing is the provision of palliative care services
to cancer patients and their families, regardless of whether cancer can be cured or not. A large body of evidence shows that early
palliative care nursing integration improves the quality of life and survival of cancer patients. Due to the intricacy of cancer, the
landscape of cancer care is shifting. Cancer is a life-threatening disease with a high mortality rate. Oncology nurses’ skills and
experience are vital in providing specialized patient care and fulfilling the needs of patients and their families. The current study
examines the shifting environment of palliative care nursing in oncology. However, new palliative care nursing approaches are

required to adapt to the evolving cancer scenario.

1. Introduction

An illness always needs proper caring along with the
treatment course to improve patient’s life quality throughout
the period of illness [1]. The centred care provided by the
family members and caregivers of the patient to relieve
stress, anxiety, and ease the signs and symptoms, while
suffering from a life-threatening illness is called palliative
care [2, 3]. Palliative care is a measurable and most im-
portant factor to bring ease in life and pleasure before the
end of life in patient’s life suffering from severe illness. The
major modules of palliative care are physical, spiritual,
social, psychological, and proper guidance to family
members for making the right decisions about patient’s
illness [4].

The provision of palliative care together with therapy of
the disease is crucial from the diagnosis to the life-threat-
ening conditions. Nurse is an ideal role model, who provides
palliative care to the patient, reducing emotional and psy-
chological burden of the patient and the family members of
the patient. Comprehensive palliative care recognizes the

end of life as natural death and delivers sociological care to
reduce the patient and family discomfort. Cancer is one of
the most lethal types of diseases, causing a majority of deaths
worldwide and putting severe discomfort inpatients’ lives
and family members. It is characterized by the irregular and
rapid growth of immature cells that occur in different types
of cells and tissues, and such cells are circulated in the blood
and spread to other distant sites and organs, thereby causing
metastases. Cancer is a chronic disease that has the highest
mortality rate, and its treatment is long and troublesome for
patients, family, caregivers, doctors, and other healthcare
professionals. However, current treatment technology is
providing the best therapeutic resources, but still palliative
care benefits are crucial and significant for patients and their
family members [4]. Among the cancer population, pro-
found demographic shifts are contributing to an increasingly
elderly and diverse cancer population. The number of people
suffering from cancer at age of 65 and older is expected to be
double from 48 million to 85 million in 2050 [5, 6].

The increasing cancer population will face multiple
changes regarding the treatment course and high-paid cost
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for the treatment, as well as exceedingly high-level dis-
comfort, anxiety, and psychosocial issues [7]. All these issues
are concerned with proper cancer care, which has also high-
cost share along with this course [8]. Such a high expense
may increase the burden of cancer care and treatment that
may be beyond the affordable range for patients and family
members. The patients may feel a severe economic burden,
which may lead to emotional and spiritual discomfort
[9, 10]. The cancer patients often acquire multiple chronic
conditions, requiring extensive and expensive palliative care
services [11, 12]. So, this poses challenges because cancer
acquires multiple chronic conditions that need long and
intensive care to increase the average survival and improve
patient’s life quality [13].

In high-quality caring of cancer patients, family care-
givers have also a crucial role [14]. In general, for cancer
patients’ longer survival, their family caregivers like relatives,
friends, and neighbours provide quality care without being
paid for these services. These caregivers are responsible
managers during cancer treatment, as they manage side
effects from both cancer and treatment, even having no
professional experiences. At the same time, they offer ex-
traordinary emotional spirit to the cancer patient [15, 16].
Research studies declared that caregivers often experience a
huge burden while caring for the cancer patients [17]. Nurses
are the prime heathcare professionals, who offer bedside care
to cancer patients and can effectively engage the family
caregivers in caring for the cancer patients. Nursing practice
is very significant in the establishment of the relationship
between patients, family, and caregivers. The palliative care
nursing is the philosophical and comprehensive care, which
is deeply expressed in palliative care policy, research, and
practice [18]. Palliative care offered by nurses to the cancer
patients is considered a hope of change in lives of cancer
patients since last decade [19]. Palliative care nursing is the
mainstream healthcare service for cancer patients, which
assures that how, when, where, and to whom the palliative
care should be provided [20, 21].

The main therapeutic model proposed by healthcare
professional is the treatment or surgical removal of pa-
thology, which resulted in manifestation, and dominating
strategy for individual’s health recovery [22]. The emergence
of the palliative care nursing in this strategy may lead to help
the faster recovery of individual’s health by approaching
patient’s care in the sense of health, psychological issues,
emotional, and spiritual aspects of patient and family. So, the
cancer patients not only need treatment and management
but also need palliative care nursing, and the need of pal-
liative care nursing is also crucial and can be an emerging
factor to improve life quality of the individuals with a life-
limiting illness like terminal cancer [23, 24]. Furthermore,
the increase in deaths of aged population due to cancer even
with the availability of improved treatment options is an-
other challenging issue for palliative care nursing for the
provision of care [25, 26]. However, malignant illness always
has a lot of expenditure and the provision of palliative care
nursing can expand the cost [27], but still the palliative care
nursing has crucial role in the improvement of life quality of
cancer patients and has the emerging landscape in oncology.
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Additionally, the investigation revealed that the introduc-
tion of palliative care has valuable improvement in the early
phase of illness when disease diagnosis is confirmed, rather
than in those patients who receive standard treatment and
care at the late phase of the disease or illness [28]. The
practice of palliative care becomes more broadened with the
advancement in all aspects and leads to a disconnection
between policy and practice [29] and confusion about the
provision of palliative care.

We searched PubMed and Web of sciences using the
terms “Palliative care,” “Nursing,” “oncology,” and “Cancer
care.” We included only English literature and excluded
abstract and conferences papers. The current work describes
the changing landscape and concept of palliative care
nursing for cancer patients with increased mortality and
morbidity. This work can be useful for the reader to un-
derstand the role of palliative care nursing while treating and
caring for the cancer patients, where palliative care nursing
can play a surprising role to improve the patient’s life quality
and provide an ease to the family members and caregivers.

2. Palliative Care and Cancer

Conferring to World Health Organization (WHO), pallia-
tive care can be described as “the overall needs for care
services to the patients where patient’s treatment is of prime
importance together with emotional, mental, and physical
care,” where the primary goal is to achieve ease of life for
patients and family members resulting in improved quality
of life for the individuals suffering from life-terminating
diseases like cancer [30]. However, the actual purpose and
sense of the palliative care is still debatable and known with
little evidences. Palliative care is thought to be an indicator of
the patient quality of care and improvements in life quality
[31]. Previously, without the provision of palliative care the
death or disease complications were thought to be the bi-
ological indicators. Currently, due to the discovery of health
monitoring apparatuses, the significance of palliative care
can be reflected as the quality of care can be monitored with
such instruments. In this way, the importance and outcomes
of palliative care can be explored. Palliative care nursing in
oncology is the integration of cancer-directed care along
with the whole course of the disease condition, regardless of
cancer stages, therapeutic options (chemotherapy, radio-
therapy, or surgery), and other clinical complications
[31, 32].

Palliative care nursing plays a unique and very important
role in the provision of palliative care to cancer patients,
which realize complete potential of treatment to patients and
their families whether it can be treated or not. Palliative care
nursing provided to cancer patients can specifically address
the issues like symptomatic control, psychological and social
care, ease of communication for patient, ease in making
serious decisions, and care at the terminal stage of cancer.
The United Kingdom had been declared palliative care, a
significant component of cancer care and treatment [32-34].
A huge content of records justifies that the integration of
early palliative care nursing results in the improvement of
life quality and improved survival of cancer patients [35-37].
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The palliative care improves the outcomes of caregivers and
helps in reducing the adverse sides of chemotherapeutics at
the terminal stage of cancer [36, 38-41]. In the light of these
outcomes, palliative care nursing models have been devel-
oped and applied in a large number of cancer hospitals and
oncology care centres around the globe [42, 43], but even
though with huge benefits and paramount understanding
only a small number of cancer patients are integrated for
palliative care and those are often suffering from the late
stage of cancer [44]. The lack of feasible palliative care
services and care models is a great challenge for both in-
patients and outpatients [44]. Deep and comprehensive
institutional efforts are required for the multidimensional
cancer care and specialized palliative care services.
Previously, an investigational survey made in the United
States had been revealed that twelve percent of the total
cancer care centres had no palliative care programs, twenty-
seven percent of the centres had no physician specialist for
the palliative care services, twenty-six percent of the total did
not have palliative care taskforce (nurses and physicians) for
the inpatients, and seventy-seven percent among them did
not have specified beds and units for palliative care [44]. And
thirty percent of the centres in this survey possessed com-
bined clinics for oncology and palliative care, where the
nature and direction of the setting were unknown [44].
There was unpredictable palliative cancer care in most of the
settings, where the implementation of beneficial interven-
tions was in-applicable and standards were not meeting the
minimum criterion to recognize the benefits. The limited
resources and high-cost burden in almost all institutions
were the main reasons that could not display palliative care
services in oncology units, where proper management of the
palliative care and oncology was surprisingly needed [44].
These investigations prove that in the United States,
there are huge deficiencies in specialized palliative care
nursing staff for oncology clinics, and there are deficiencies
of regulatory authorities to promote palliative care services
for cancer patients, and workforce for palliative care services
is required to meet the needs of patient’s care. Proper
legislation is strongly demanded around the globe for the
promotion of palliative care nursing in oncology hospitals
and institutes. However, several countries have been in-
corporated palliative care into the common cancer treatment
regimen, while the United States has been also taken serious
decisions about integrating the palliative care services as a
compulsory part of comprehensive cancer treatments
[45, 46]. The American Society of Clinical Oncology (ASCO)
has detailed that eminence cancer care “requires access to
and the availability of state-of-the-art palliative cancer care
rendered by skilled clinicians, buttressed when necessary by
palliative care experts” [47]. Realizing this prophecy will
need the expansion of a service model that is cost-effective
and freely reachable to patients in a range of care settings.
The needs of palliative care nursing are increased day by
day worldwide, with the increasing population diagnosed
with cancer and its complexity [48, 49]. The demanding
palliative care needs suggest comprehensive models for
palliative care nursing especially for cancer patients [50].
Nurses are the one who can resolve the palliative care issue

for cancer patients in more smooth and reliable way. At
present, there are no cancer palliative care-related courses in
nursing education (both undergraduate and graduate). In
the light of this context, special contents about palliative care
should be integrated into the oncology centres and nursing
education programmes, which can play mighty role in
cancer treatment [51]. However, the nurses practising in
other departments rather than oncology may lack expertise
of caring cancer patients [52].

Therefore, nurses practising in other departments may
need special education and training for palliative care
nursing to work in oncology wards and departments. It is an
unmet and empirical need to develop strategies and agendas
for palliative care nursing to cover the demanding and
complex needs of cancer patients, where the nurses should
be educated (college, undergraduate, and graduate levels)
regarding the intake of oral targeted oncodrugs, caring and
advocating of patients, and their family members [53, 54]. As
the national organization for oncology nurses, in 2001
CANO/ACIO developed . Standards of Care focused on
patients. Subsequently, in 2006, CANO/ACIO developed
Practice Standards and Competencies for the Specialized
Oncology Nurse. The emphasis of these standards and
competencies was primarily on specialized oncology nursing
practice [54]. Professional nurses have been recognized the
gaps while educating nurses for palliative care nursing in
oncology departments, so smooth and clear framework for
palliative care nursing can be implemented in hospitals. The
developed framework provides guidance to nurses working
in all practice settings assuring the provision of high-quality
services and care to patients living with cancer and those at
the stage of end of life. The well-trained nursing community
can indeed reduce the burden of cancer globally [53, 54].

There is an empirical need of cancer knowledge for the
nurses who are caring for the cancer patients and dealing
with their families. Due to huge increase in the number of
patients suffering from cancer, a number of patients are
considered as outpatients; therefore, nurses may the patients
and families regardless of the setting in inpatients or
outpatients.

3. Palliative Nursing in Changing Landscape of
Cancer Care

The landscape of cancer care is changing and becoming
more complex due to the complexity of cancer. In fact,
cancer is a life-threatening disease and has a high rate of end-
of-life conditions. Nevertheless, inpatients have increased
emergence in the cancer hospitals for surgery, diagnosis,
chemotherapy, symptomatic treatment, and palliative care,
so the landscape of cancer care changed with the changing
dimensions of cancer treatment and care towards outpa-
tients [54]. The knowledge and experience of the oncology
nurses play important roles in specialized patient care and
meeting the care services of patient’s care and their families.
The Canadian Cancer Society’s Advisory Committee on
Cancer Statistics (2015) approximations demonstrated that
nearly half of whole Canadian populations will develop



cancer in their lifetime and approximately 25% of that will
die of the disease.

The rapid increase in the cancer patients over last few
decades is because of the increasing population, aging, and
advancement in the diagnostic procedures. This rapid in-
crease is expected to be continued and may become double
in the future decade [53, 54]. With the increasing cancer
ratio, palliative care nursing in oncology will also face
challenges and need special attentions of the concern de-
partments and policymakers. Nurses in oncology unit secure
both physical and mental care of inpatients [55]. Care at-
titudes necessitate addressing the physical, psychological,
social, and spiritual healthcare essentials of cancer patients
and their families.

Moreover, the direction of palliative care nursing can be
demonstrated as “reducing the pain of cancer and care
provision to improve the life quality of the patients, and
support for the best possible ways to increase the patient’s
survival...” [56]. The nurses working in oncology depart-
ments can recognize various factors such as systematic
therapeutics plans, care services plan, patient’s needs,
complexity of the illness, contact with patients and family
members, emotional attachment with patients who are in the
terminal phase of cancer, and facing end-of-life stress
[57, 58]. However, there is an inadequate investigation of the
experiences of oncology nurses. One example, a hermeneutic
study was carried out to describe the experience of oncology
nurses caring for dying patients [59]. In-depth interviews
were conducted with six oncology nurses who had at least
five years of oncology nursing experience and had cared for
dying patients. Four themes were described as follows: (1)
“knowing the patient,” (2) “preserving hope,” (3) “easing the
struggle,” and (4) “providing for privacy.” The investigators
determined that nurses accomplished the emotional de-
mands of their work by establishing varying degrees of
closeness with patients as they were dying. The nurses de-
scribed developing close bonds with some patients and,
despite not developing these relationships with all patients,
they felt they provided good care for those who were dying.

4. Palliative Care Nursing Models in Oncology

There are various palliative care nursing models developed
for the care provision to cancer patients and still continued
to be developed for the large cancer population including
paediatrics, geriatrics, and adult cancer patients. These
various models differ in planning, organizing, and focus.
However, all of them rely on oncology nurse, and in all
models, oncology nurse is the key provider of palliative care
to the patients and their families [60-62]. All the models are
explained in Figure 1 concisely with their imperative focus.

Although having direct contact with cancer patients and
with the presence of a number of palliative care programs,
there is an urgent and unmet need of educational and
training programs for oncology nurses to provide quality
palliative care to the patients suffering with life-threatening
cancer diseases. Different types of palliative care nursing are
listed and explained below.
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4.1. Paediatric Long-Term Follow-Up Models. These pro-
grammes comprise “late effects clinics” inside children’s
clinics or hospitals. It was developed for the paediatric
cancer patients and was an initiation towards adult’s on-
cology models [64, 65]. The continuous follow-up is rec-
ommended in this model to expand the understanding of
cancer effects; otherwise, it may develop second cancers.
These clinical programmes are not disease-specific and often
need multidisciplinary oncology nurse for palliative care
servicer.

4.2. Adult Follow-Up Clinic Models. In various adult clinical
models, oncology nurse is a key provider of the care services.
They may work together with other healthcare teams and
may work independently. In this context, the care services
need of patients and family members or fulfilled in either
national hearth institutes or private clinical settings.

4.3. Disease-Specific Model. Initially, when clinical models
were started to develop, clinical programmes were estab-
lished for the early diagnosis and the provision of care
services before treatment of the breast cancer. The oncology
nurse not only has the responsibility of palliative care
provision but also needs to identify early problems and
symptoms. This model is costly enough and may increase the
total burden on the family members [66].

4.4. General Survivorship Clinic Model. It is noteworthy that
the palliative care nursing cannot be implied in disease-
specific clinical settings in most of the cases. Instead, pal-
liative care can be provided in generalized clinical or in-
stitutional settings. Such programmes may be staffed by
oncology nurse in collaboration with oncologist. In such
settings, particular treatment plan is designed by oncologist,
oncology nurse, and other healthcare team members. Fur-
ther care services are provided upon investigation and family
member recommendations [67, 68].

4.5. Consultative Clinic Model. In these types of models,
patients together with the family members only visit the
clinic or hospital once. Comprehensive check-up is pro-
ceeded with the continuation of the ongoing palliative care.
In such programmes, oncology nurse prepared detailed
treatment plan and care summary for the patient and family
members. The oncology nurse discusses the improvements
in health with the patients and also aware them about the
prevention of cancer by quitting bad habits such as smoking,
diet, and use of alcohol. Oncology nurses also compel them
to exercise and healthy habits. This type of programmes is
very simple and cost-effective and can be widely applied
[67, 69].

4.6. The Multidisciplinary Clinic Model. It was the earliest
applied models and was used in paediatric clinics and on-
cology units. Although this is a significant model from
theoretical point of view, it is not practical in the cancer
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Models

Adult Follow-Up Clinic Models

The integrated care model.

FIGURE 1: Various palliative care nursing models for cancer patients [63].

institutes and hospitals because it extremely challenging to
provide multidisciplinary care service to the patients at the
same place in the same clinics. With changing landscape of
oncology, it becomes more difficult to provide care services
to patients and apply these models.

4.7. The Integrated Care Model. The increasing complexity
of cancer and its changing landscape are noteworthy to
identify the type of best palliative care model for cancer
patients to improve care services and save the workload. In
this model, the formal visits of oncology nurse and oncology
team are made. The patients in this model are in the su-
pervision of oncology nurse receiving care and treatment at
the same place. In this model, oncology nurse provides
palliative care services even when the treatment ends and
patient is on maintenance therapy. In this model, routine
follow-up is made by oncology nurses and family members
are given with proper information and understanding about
the disease condition and care service [67, 69].

5. Transition to Primary Care

The care needs of cancer patients are challenging for family
members, where oncology nurse plays a key role in care
provision, as well as making positive contact with the family
members of the patients. The patients not only need care
services in the cancer institutes but also need care services
after the termination of treatment. So, the primary care
providers in homes (family members and caregivers) must

be educated with proper information about care and
symptoms. In such situation, oncology nurse together with
oncology team or in collaboration with oncology team can
give guidelines about the primary care and disease symp-
toms. Hence, strong communication between oncology
nurse, patients, family member, and primary care provider is
always demanded [70, 71].

6. Conclusion and Future Perspective

The current study emphasizes the wide role of oncology
nurses in palliative care, which encircles the key and major
contribution of nurses. In oncology hospitals and clinics, the
philosophy of palliative care has a major conflict with
nursing practice. The palliative care nursing can be un-
derstandable when experienced it in specific illness and
nursing theory comprehensively supports it. Nurses are well
trained and aware of the pathophysiology and required skills
to evaluate the patients’ needs of care in all domains of life,
giving hope of life to the patients suffering from life-
threatening illness like cancer. However, it should be
comprehended that with the changing landscape of cancer,
palliative care nursing is facing many challenges and needs
special attention to fulfil the care needs of the patients in
oncology units and clinics. Nurses secure central position in
providing palliative care to the patients and their family
members. The direct contact with patients, family members,
and caregivers makes them able to provide mental, social,
emotional and physical care, and support. As with changing
landscape of oncology, the needs of cancer patients are



changing; therefore, nurses need to adopt with the changing
healthcare needs of the patients and their families. The
development of more unique palliative care nursing models
is needed to cope with the changing landscape of cancer.
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Objective. The detection of Helicobacter pylori mutations that result in antimicrobial resistance can serve as a guideline of
antimicrobial therapeutics and probably prevent the failure of clinical treatments. Evaluating the potential of Sanger sequencing to
identify genetically resistant determinants in Helicobacter pylori clinical isolates will be important. Methods. 180 cultured strains
have been tested using agar dilution for antibiotic susceptibility. NCBI BLAST was used to perform genotypic analysis on the
sequencing data. Sanger sequencing was evaluated as an alternative method to detect resistant genotypes and susceptibility.
Results. By the conventional E-test, resistance to levofloxacin, amoxicillin, metronidazole, and clarithromycin was 67.3%, 15.1%,
96.4%, and 25.5%, respectively. In contrast, tetracycline had no resistance. Resistance to multiple drugs was observed in 8.12% of
the strains. The genetic determinants of resistance to CLA was 23s rRNA, the determinants of resistance to amoxicillin was Pbpl,
the determinants of resistance to metronidazole was rdxA, and the determinants of resistance to levofloxacin were GyrA and
GyrB. However, there was no association of resistance in tetracycline. Conclusion. We found increased rates of metronidazole
antibiotic resistance, highlighting the necessity for alternative therapies and periodic evaluation. Sanger sequencing has proved to
be highly effective and holds the potential to be implemented in policies catering to local treatments.

1. Introduction

Widespread use of antibiotics has had a profound impact on
the whole life of bacteria [1]. Many pathogen strains have
become resistant to antibiotics and even multidrug resis-
tance [2]. It has been proven that drug resistance can make
the efficacy of many existing drugs and decrease and dis-
appear, leading to more than 700,000 deaths in one year
[3, 4], which is one of the greatest public health issues [5, 6].

According to the WHO, Helicobacter pylori can cause
many gastrointestinal disorders such as gastritis, peptic

ulcers, and gastric cancer [7], which is the main threat to
human health [8]. However, the efficacy of current therapies
for Helicobacter pylori was dramatically decreasing because
of the increased antibiotic resistance [9]. Therefore, many
conferences for Helicobacter pylori treatments have been
held to deal with antibiotic resistance [10, 11]. In developed
countries, the infection rate of Helicobacter pylori ranges
from 25% to 50%, whereas in developing countries, the rate
is up to 80%. The infection rate in China is also numbered as
high as 56.2% [12]. The widespread use of eradication
therapeutic regimens, consisting of at least two antimicrobial
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agents, has recently shown that the resistance of Helicobacter
pylori to antimicrobial agents such as clarithromycin, flu-
oroquinolones like levofloxacin, and metronidazole shows
an increasing trend year by year.

Routine Helicobacter pylori sensitivity tests are very dif-
ficult under current conditions because Helicobacter pylori
needs a nutrient-rich, selective medium [13]. Therefore, it is
particularly important to find a timely and accurate method to
diagnose drug resistance in the clinical treatment of Heli-
cobacter pylori. Molecular biology techniques can identify the
molecular mechanisms of various antimicrobial agents
[14-16]. And a molecular testing strategy also can compre-
hensively assess the multifaceted information associated with
Helicobacter pylori therapy in one test [17]. It can not only
assist clinicians in issuing individualized solutions for Heli-
cobacter pylori treatment for different patients, but also help to
promote the progress of research on the mechanism of
molecular treatment for Helicobacter pylori [18, 19].

Based on the abovementioned, we characterized the
resistance rate of amoxicillin, clarithromycin, metronida-
zole, levofloxacin, and tetracycline from Helicobacter pylori,
which are the five antibiotics commonly used in Helicobacter
pylori treatments. We also use Sanger sequencing, which is
the most common approach to determine the mutations
conferring resistance, to detect resistant genotypes, deter-
mine susceptibility, and evaluate the correlation between
their phenotypes and genotypes.

2. Materials and Methods

2.1. Sample Collection. The study included 160 Helicobacter
pyloritreatment naive outpatients (80 in 2014-2015 and 80 in
2018-2019). They had an esophagogastroduodenoscopy
examination at Chinese PLA General Hospital in 2014-2015
and 2018-2019. During the endoscopic procedure, gastric
biopsy specimens were taken, then we inoculated them on a
Helicobacter pylori-selective plate [20]. After performing a
series of biochemical reactions using catalase, oxidase,
urease, and stained gram, Helicobacter pylori colonies, which
were circular, clear, convex, and purple, were identified
under light microscopy observation [21]. All procedures
were incubated at 37°C and performed in microaerophilic
conditions (10% O,, 5% CO,, and 85% N,).

2.2.  Phenotypic  Characterization  of  Antimicrobial
Susceptibility. The agar dilution assay was used to define the
antibiotic susceptibility phenotype. Five antibiotics such as
amoxicillin, metronidazole, clarithromycin, tetracycline,
and levofloxacin were used in this experiment. Helicobacter
pylori were cultured for 72h, then the antibiotic MIC was
inferred using Helicobacter pylori strain 26695 as the control.
Antibiotic MIC is the minimum inhibitory concentration of
antibiotics, which is always used to define the antibiotic
susceptibility phenotype. When the MIC of metronidazole
exceeded 8 mg/L, tetracycline and levofloxacin exceeded
1 mg/L, clarithromycin exceeded 0.25 mg/L, and amoxicillin
exceeded 0.125 mg/L, it was defined as antibiotic resistance
[22, 23].
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TaBLE 1: Resistance pattern of Helicobacter pylori strains.

Resistance pattern Numbgr B
strains
All susceptible 14
All resistance 0
Levofloxacin 108
Amoxicillin 24
Metronidazole 154
Clarithromycin 41
Tetracycline 0
Mono resistance
Levofloxacin only 13
Amoxicillin only 5
Metronidazole only 0
Clarithromycin only 5
Tetracycline only 12
Multiple resistance
Levofloxacin + metronidazole 64
Clarithromycin + metronidazole 12
Amoxicillin + levofloxacin + metronidazole 15
Clarithromycin + levofloxacin + metronidazole 29

2.3. Genotype Analysis of Antibiotic Susceptibility. Snippy
v.3.2 and Gubbinsv2.3.4 were used to core SNP alignment and
predict recombinant regions aimed to assess the relatedness
between Helicobacter pylori strains. The antibiotic suscepti-
bility genotypes, such as GyrA and GyrB for levofloxacin, 23S
rRNA for clarithromycin, Pbpl for amoxicillin, RdxA for
metronidazole, and 16S rRNA for tetracycline were assessed.
Variant identification, summarization, and assessment were
performed for the association with the resistance phenotype.
Besides, Phandango was used to perform the phenotypic
resistance patterns to heat maps and antibiotic resistance.

2.4. Statistical Analysis. SPSS 17.0 statistical software was
used for statistical analysis. The quantitative data were
expressed as the mean + standard deviation (mean +SD).
The t-test was used for comparison between two groups, and
P <0.05 was considered a statistically significant difference.

3. Results

As the antibiograms of 160 isolates from Beijing in Table 1,
we noted the resistance rates of metronidazole, levofloxacin,
clarithromycin, amoxicillin, and tetracycline decreased in
the order of 96%, 67%, 25%, 15%, and 0, respectively, and 14
strains were susceptible to all (Figure 1).

3.1. Helicobacter pylori Antibiotic Susceptibility in Beijing.
The proportion of single-drug resistance was 21.8% among
all drug-resistant isolates, and all were metronidazole re-
sistant. The proportion of multi-drug resistance was 76.4%.
Among all clinical isolates, the dual resistance rate to lev-
ofloxacin + metronidazole was 40%, and the dual resistance
rate to metronidazole + clarithromycin was 7.3%. Triple
resistance to amoxicillin + levofloxacin + metronidazole was
9.1% and to clarithromycin + levofloxacin + metronidazole
was 18.2% (Figure 2).
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40% p<0.05
0,
33;7& p<0.05
28.3%
30% - 27.6%  28.4%
24.9%
% p<0.05
3
£ 20% f
3 16.7%
g 14.6% ]
10% | [94% 730 P50
6.2%
2.3% (39
0.3%- 0.1%
0% 1 1 1 1 | —
All Isolate  Double Triple  Quadruple Quintuple  Sextuple
susceptible resistance resistance resistance resistance resistance resistance

[ 2014-2015 (n=80)
[ 2018-2019 (n=80)

FiGure 2: Comparisons of multiple antibiotic resistance rates. In 2014-2015, 14.6% of Helicobacter pylori isolates were susceptible to all
antibiotics, with 33.7%, 28.3%, 16.7%, 6.2%, 0.3%, and 0.3% being isolate resistance, double resistance, triple resistance, quadruple re-
sistance, quintuple resistance, and sextuple resistance, respectively. In 2018-2019, 9.4% of Helicobacter pylori isolates were susceptible to all
antibiotics, with 27.6%, 28.4%, 24.9%, 7.3%, 2.3%, and 0.1% being isolate resistance, double resistance, triple resistance, quadruple resistance,

quintuple resistance, and sextuple resistance, respectively.

3.2. Comparison between Genotypes and Phenotypes. After
the comparison of the phenotypes and the corresponding
genotypes, we found that the determinants of resistance to
levofloxacin were GyrA and GyrB, the determinant of re-
sistance to amoxicillin was Pbpl, the determinant of re-
sistance to metronidazole was rdxA, and the determinant of
resistance to CLA was 23s rRNA (Figure 3). There was
complete concordance between genotype and phenotype for
clarithromycin and concordance for levofloxacin and
amoxicillin (Table 2).

4. Discussion

Our study suggests that the resistance of Helicobacter pylori
isolates may be due to the extensive use of antibiotics, es-
pecially metronidazole, clarithromycin, and amoxicillin. For
example, the resistance to metronidazole in Helicobacter
pylori clinical isolates may be because of prescriptions for
parasitic infections, pelvic inflammation, or dental infec-
tions [24-26]. Furthermore, resistance of drug-resistant
Helicobacter pylori to levofloxacin is similarly high, which
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FIGURE 3: Comparison between antibiotic susceptibility genotypes and phenotypes. Maximum likelihood phylogenetic trees were built for
the resistance patterns of each antibiotic and their corresponding genetic determinants. Dark blue and red rectangles represented sensitive

and resistant patterns. Green and grey rectangles denote mutations

TaBLE 2: Comparison between genotypes and phenotypes.

Antibiotics Phenotypic ;Znory};\il((:) Kappa values
Metronidazole IY\IeOs 1;9 145 0.279
Levofloxacin ;[\Ieos 951 41;; 0.705
Clarithromycin ;{qe()s 345 1? 6 0.848
Amoxicillin f\fg 127 12 . 0.727

may be caused by using levofloxacin to treat urinary and
respiratory tract infections [27-29].

As high MIC values in metronidazole and clari-
thromycin resistant strains are associated with resistance
patterns in vivo, they are perhaps potential markers for
predicting curable rates. As no plasmids were found in all
strains, indicating that Helicobacter pylori resistance is based

and no mutation, respectively.

on mutations, it also inspired us to think that detection of
point mutations in the genome can be used to identify
Helicobacter pylori resistance.

Molecular susceptibility testing is becoming the ideal for
detecting drug resistance in Helicobacter pylori clinical
isolates due to greater speed as well as greater accuracy [30].
Sanger sequencing may not have an impact on strain re-
sistance [31-33]. We thus need to explore new approaches
like phenotypic characterization of antimicrobial suscepti-
bility and genotype analysis of antibiotic susceptibility
[34, 35]. Furthermore, regular assessment and alternative
therapies are also important to control the resistance status.
This study’s novelty lies in the reporting of resistance pat-
terns of Helicobacter pylori clinical isolates, providing an
overview of the current state of antibiotic resistance, which
can guide the elimination of Helicobacter pylori.

However, this study also has partial limitations. First of
all, the samples in this study were all patients from a hospital,
which cannot reflect Helicobacter pylori patterns in the
general population. Second, the sample size of partial re-
sistance to antibiotics in this study was small, and the
strength of the association was only associated with few or
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no resistant strains, such as amoxicillin and TET. Third, the
present study was conducted at the in vitro level, and the
commonly used antibiotic resistance rates revealed by the
study data were not completely accurate, and clinical trials
are needed for further validation.

5. Conclusion

This findings show that Helicobacter pylori had resistance to
antibiotics and was also likely to be pathogenic and virulent.
In addition, molecular susceptibility testing that detects
genetic determinants associated with drug resistance can be
used in detection tests for Helicobacter pylori drug resis-
tance. However, due to various limitations, it is necessary to
continue to expand the sample size and continue clinical
trials in the future.
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