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Background. Emerging evidence demonstrates that the lipid metabolism in acute coronary syndrome (ACS) patients with type 2
diabetes mellitus (T2DM) differs from nondiabetic patients. However, the distinct lipid profiles and their relationships with the
severity of coronary artery stenosis and prognosis in patients with T2DM remain elusive. Method and Result. This single-center,
prospective cohort study enrolled 468 patients diagnosed with ACS undergoing coronary angiography, consisting of 314 non-
DM and 154 DM patients. The HDL-C/apoA-I ratio was significantly higher in DM patients with a multivessel (≥3 affected
vessels) lesion than a single-vessel (1-2 affected vessels) lesion. Regression analyses showed that the HDL-C/apoA-I ratio was
positively correlated to the number of stenotic coronary arteries in DM patients but not non-DM patients. However, Kaplan-
Meier survival analysis revealed no significant difference in the major adverse cardiovascular event rate regarding different
HDL-C/apoA-I levels in DM or non-DM ACS patients at the end of the 2-year follow-up. Conclusion. A higher HDL-C/apoA-I
ratio is associated with increased severity of coronary artery stenosis in DM patients with ACS but not with the rate of major
adverse cardiovascular events at the end of the 2-year follow-up.

1. Introduction

Acute coronary syndrome (ACS) is one of the major pub-
lic health problems worldwide, which describes the range
of acute myocardial ischemic states, including unstable
angina (UA), non-ST elevated myocardial infarction
(NSTEMI), and ST elevated myocardial infarction
(STEMI) [1]. Hyperglycemia and dyslipidemia are risk fac-
tors for ACS [2]. Numerous studies have revealed that
type 2 diabetes mellitus (T2DM) patients with ACS suffer
from worse outcomes compared to their nondiabetic peers
[3–6]. Our previous study demonstrated that hemoglobin

A1c (HbA1c) was positively correlated with the severity
of coronary artery stenosis in both diabetic and nondia-
betic patients with ACS [7]; however, the underlying path-
ophysiological mechanism and clinical manifestations
remain to be elucidated.

High-density lipoprotein cholesteryl (HDL-C) was
ascribed as “good” cholesteryl and negatively correlated
to the risk of cardiovascular diseases, as proven by several
clinical and animal studies [8, 9]. The mechanisms of the
antiatherogenic effects of HDL-C have been proved to be
related to its involvement in the pathways of reverse cho-
lesteryl transport, as well as antioxidation, anti-
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inflammation, and endothelial protection [8, 10]. However,
HDL from T2DM patients showed impaired endothelial-
protective capacities due to reduced endothelial progenitor
cell-mediated endothelial repair [11]. A systemic review of
14 studies has also revealed that the anti-inflammatory
effect of HDL was diminished in individuals with T2DM,
although the underlying mechanisms remain to be eluci-
dated [12]. These indicate that HDL may undergo func-
tional remodeling during the progression of chronic
inflammatory and metabolic diseases.

Apolipoprotein A-I (apoA-I) is the primary functional
apolipoprotein component of HDL participating in choles-
teryl traffic via multiple mechanisms [13]. For instance,
apoA-I plays pivotal roles in the reverse cholesteryl trans-
port pathway by modulating HDL-C formation and stabi-
lization, binding to hepatic scavenger receptors, and
activating lecithin-cholesteryl acyltransferase [14]. Overex-
pression of the human apoA-I gene on apoE-/- and
LDLr-/- mice provided long-term protection on diet-
induced atherosclerosis [15, 16]. A previous study indi-
cated that the HDL-C/apoA-I ratio is a more effective
marker for coronary artery disease than HDL-C alone
[17]. However, it is unknown whether the HDL-C/apoA-
I ratio correlates to the severity of coronary artery stenosis
and prognosis of diabetic ACS patients.

In this present single-center, prospective study, by ana-
lyzing the circulating lipid profile and the major adverse
cardiovascular events (MACEs) among ACS patients with
or without DM, we aimed to evaluate the relationship
between the HDL-C/apoA-I ratio and the severity of coro-
nary artery stenosis and also to explore the short-term
prognostic value of the HDL-C/apoA-I ratio in ACS
patients.

2. Research Design and Methods

2.1. Study Design and Participants. This is a single-center,
prospective cohort study in which 468 ACS patients were
recruited, consisting of 229 UA, 71 NSTEMI, and 168 STEMI
patients consecutively admitted to the First Affiliated Hospi-
tal of Xi’an Jiaotong University from January to December
2016. This study excluded patients who had severe noncar-
diac disease with an expected survival of less than 1 year,
severe renal disease (plasma creatinine ≥ 130μmol/L), and
chronic liver disease (alanine aminotransferase ðALTÞ ≥ 2
times the upper limit of normal) or over the age of 80 years.
Written informed consent was obtained from all study par-
ticipants with ethical committee approval from the First
Affiliated Hospital of Xi’an Jiaotong University.

2.2. Data Collection and Laboratory Measurement. Baseline
characteristics and clinical data were recorded from patients’
standard medical records. Blood HbA1c levels of all patients
were measured within 3 h of admission using a Siemens DCA
analyzer for quantitative assay. Both the concentrations of
specific HbA1c and total hemoglobin were measured. The
ratio was reported as percent HbA1c.

Venous blood samples were collected in the morning fol-
lowing an overnight fast for other baseline laboratory mea-
surements. TC was detected using a detection kit from
FUJIFILM™ via the HMMPS method; HDL-C, LDL-C, and
VLDL-C were detected using a detection kit via the direct
measurement method from FUJIFILM™; apoA, apoB, and
apoE were measured using a detection kit from SEKISUI™
by turbidimetric inhibition immunoassay. All laboratory
assays were performed in duplicate, and the results were
averaged.

468 ACS patients
provided consent for full screen

Excluded (N = 1032, 68.8%):
(i) Not meeting inclusion criteria (N = 173)

(ii) Refused to participate (N = 504)
(iii)

(i)
(ii)

(iii)

 Other reasons (N = 355)

Diagnosed ACS patients
(N = 1500)

 Lost to follow-up (N = 12)
 Withdraw consent (N = 9)
 Other reasons (N = 10)

(i) Lost to follow-up (N = 23)
(ii) Withdraw consent (N = 20)
(iii) Other reasons (N = 26)

DM group
154 patients

(32.91%)

245 (78.03%) 
completed study or 
reached end point

125 (81.17%) 
completed study or 
reached end point

Non-DM group
314 patients

(67.09%)

Figure 1: Study flowchart.
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2.3. Assessment of Coronary Artery Stenosis. Selective coro-
nary angiography was performed in multiple views by expe-
rienced clinicians. The severity of ACS was characterized by
the number of coronary vessels with stenosis (>50% of the
lumen diameter). A single-vessel lesion was defined as 1-2
affected vessels, and a multivessel lesion was defined as at
least 3 affected vessels.

2.4. Outcome and Follow-Up. Follow-up information was
obtained via telephone questionnaires or interviews in the
hospital by the general practitioner. All-cause death, heart

failure, nonfatal MI, and symptom-driven revascularization
were defined as MACEs.

2.5. Statistical Analysis. All statistical analyses were per-
formed using SPSS 18.0. Data were presented as frequencies
and percentages for categorical variables and mean ± SD for
continuous variables unless otherwise indicated. Differences
between two independent groups were compared using the
chi-squared test for categorical data, t-test for normally dis-
tributed data, and nonparametric test for nonnormally dis-
tributed data. One-way ANOVA was used to compare

Table 1: Baseline characteristics for non-DM and DM ACS patients.

Characteristics Whole (n = 468) Non-DM (n = 314) DM (n = 154) p value

Age 60:97 ± 9:57 60:59 ± 9:85 61:73 ± 8:94 ns

Male, n (%) 365 (78.00) 249 (79.30) 116 (75.32) ns

BMI (kg/m2) 24:95 ± 3:35 24:75 ± 3:35 25:34 ± 3:31 ns

Current smoker, n (%) 135 (28.8) 93 (29.62) 42 (27.27) ns

Family history of CAD, n (%) 183 (39.10) 129 (41.08) 54 (35.06) ns

Hypertension, n (%) 255 (54.5) 166 (52.87) 89 (57.79) ns

Heart rate (bpm) 71:16 ± 16:36 71:10 ± 17:73 71:29 ± 13:20 ns

Systolic BP (mmHg) 126:2 ± 19:03 125:80 ± 18:53 127:02 ± 20:04 ns

Diastolic BP (mmHg) 78:06 ± 11:78 77:59 ± 11:85 79:01 ± 11:62 ns

LVEF (%) 58:27 ± 12:46 58:94 ± 12:36 56:87 ± 12:59 ns

Affected vessels 2:45 ± 0:89 2:39 ± 0:89 2:57 ± 0:87 <0.05
BUN 4:93 ± 1:48 4:84 ± 1:47 5:13 ± 1:50 ns

Creatine (μmol/L) 69:74 ± 20:99 69:10 ± 15:99 71:05 ± 28:61 ns

hsCRP (mg/dL) 2:38 ± 2:33 2:43 ± 2:41 2:28 ± 2:15 ns

HDL-C (mmol/L) 0:91 ± 0:22 0:93 ± 0:23 0:89 ± 0:21 ns

LDL-C (mmol/L) 2:22 ± 0:8 2:26 ± 0:83 2:13 ± 0:74 ns

Triglyceride (mmol/L) 1:68 ± 1:15 1:66 ± 1:21 1:70 ± 1:02 ns

Lipoprotein A (mg/L) 247:74 ± 217:59 255:00 ± 217:61 232:94 ± 217:52 ns

apoA-I (g/L) 1:07 ± 0:19 1:07 ± 0:18 1:08 ± 0:19 ns

HbA1c (%) 6:4 ± 1:31 5:74 ± 0:35 7:75 ± 1:50 <0.001
HDL-C/apoA-I (mmol/g) 0:85 ± 0:12 0:86 ± 0:12 0:82 ± 0:10 <0.01
Medication at discharge

Aspirin, n (%) 462 (98.7) 309 (98.4) 153 (99.4) ns

Clopidogrel, n (%) 448 (95.7) 300 (95.5) 148 (96.1) ns

Statin, n (%) 459 (98.1) 309 (98.4) 150 (97.4) ns

ACEI/ARB, n (%) 417 (89.1) 278 (88.5) 139 (90.3) ns

Beta-blockers, n (%) 410 (87.6) 276 (87.9) 134 (87.0) ns

CCB, n (%) 102 (21.8) 68 (21.7) 34 (22.1) ns

Main diagnosis

UA 229 (48.9) 150 (47.77) 79 (51.30) ns

NSTEMI 71 (15.2) 50 (15.92) 21 (13.64) ns

STEMI 168 (35.9) 114 (36.31) 54 (35.06) ns

Data are mean ± SD and number (%). ACS: acute coronary syndrome; ACEI: angiotensin-converting enzyme inhibitor; apoA-I: apolipoprotein A-I; ARB:
angiotensin receptor blocker; BMI: body mass index; BP: blood pressure; BUN: blood urea nitrogen; CAD: coronary artery disease; CCB: calcium channel
blocker; CKMB: creatine kinase MB; DM: diabetes mellitus; HbA1c: hemoglobin A1c; HDL-C: high-density lipoprotein cholesterol; hsCRP: high-sensitivity
C-reactive protein; LDL-C: low-density lipoprotein cholesterol; LVEF: left ventricular ejection fraction; NSTEMI: non-ST elevated myocardial infarction;
STEMI: ST elevated myocardial infarction; UA: unstable angina.
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continuous variables among multiple groups. Univariate lin-
ear regression analysis was used for calculating the correla-
tion between the HbA1c, the HDL-C/apoA-I ratio, and the
severity of coronary artery stenosis. Multivariate regression
analysis was conducted to assess the independent contribu-
tion of different factors to coronary artery stenosis. DM and
non-DM patients were divided into three groups based on
tertiles of the HDL-C/apoA-I level. Kaplan-Meier survival
curve analysis was conducted to represent the proportional
risk of MACE for the HDL-C/apoA-I ratio in patients with
or without DM. All probability values were two-tailed. p <
0:05 was considered statistically significant.

3. Results

3.1. Study Population and Baseline Characteristics. A total of
1500 patients with a diagnosis of ACS were screened, of
which 173 patients did not meet the inclusion criteria, 504
refused to participate, and 355 were not included in this
study due to other reasons. 468 ACS patients were enrolled
in the observational study, consisting of 314 non-DM
(67.09%) and 154 DM (32.91%) patients. At the end of this
study, 245 of 314 non-DM patients (78.03%) and 125 of
154 DM patients (81.71%) completed the 2-year follow-up
survival analysis or reached endpoints (Figure 1).

Table 2: Baseline characteristics for different ACS patients with
single-vessel (1-2 affected vessels) or multivessel (≥3 affected
vessels) lesions.

Characteristics
Affected vessels p

value1–2 ≥3
All

Patient number, n
(%)

213 (45.5) 255 (54.5)

Age 60:28 ± 9:36 61:22 ± 9:65 ns

Male, n (%) 154 (75.9) 196 (80.7) ns

BMI (kg/m2) 24:94 ± 3:43 24:94 ± 3:28 ns

Heart rate (bpm) 70:56 ± 13:74 72:01 ± 18:62 ns

Systolic BP (mmHg) 124:81 ± 17:11 126:76 ± 19:86 ns

Diastolic BP
(mmHg)

77:75 ± 11:01 78:35 ± 12:38 ns

LVEF (%) 59:65 ± 11:46 57:26 ± 13:18 ns

Creatine (μmol/L) 69:42 ± 24:51 70:3 ± 17:91 ns

HDL-C (mmol/L) 0:92 ± 0:22 0:9 ± 0:21 ns

LDL-C (mmol/L) 2:18 ± 0:8 2:24 ± 0:77 ns

Triglyceride
(mmol/L)

1:69 ± 1:15 1:66 ± 1:14 ns

Lipoprotein A
(mg/L)

224:96 ± 191:36 265:6 ± 233:81 ns

apoA-I (g/L) 1:09 ± 0:17 1:05 ± 0:18 <0.05
HbA1c (%) 6:24 ± 1:14 6:57 ± 1:45 <0.05
HDL-C/apoA-I

(mmol/g)
0:84 ± 0:11 0:85 ± 0:11 ns

Non-DM

Patient number, n
(%)

149 (47.5) 165 (52.5)

Age 59:3 ± 9:71 61:2 ± 9:85 ns

Male, n (%) 107 (77.0) 130 (83.3) ns

BMI (kg/m2) 24:71 ± 3:37 24:77 ± 3:34 ns

HR (bpm) 70:69 ± 13:88 71:85 ± 21:14 ns

Systolic BP (mmHg) 124:36 ± 16:1 126:03 ± 19:44 ns

Diastolic BP
(mmHg)

77:21 ± 11:21 77:9 ± 12:4 ns

LVEF (%) 60:34 ± 11:13 57:8 ± 13:49 ns

Creatine (μmol/L) 67:56 ± 15:56 70:84 ± 15:96 ns

HDL-C (mmol/L) 0:95 ± 0:22 0:9 ± 0:21 ns

LDL-C (mmol/L) 2:18 ± 0:84 2:31 ± 0:77 ns

Triglyceride
(mmol/L)

1:69 ± 1:28 1:62 ± 1:12 ns

Lipoprotein A
(mg/L)

231:18 ± 198:69 277:15 ± 226:46 ns

apoA-I (g/L) 1:1 ± 0:17 1:05 ± 0:18 <0.05
HbA1c (%) 5:7 ± 0:34 5:76 ± 0:35 ns

HDL-C/apoA-I
(mmol/g)

0:86 ± 0:12 0:86 ± 0:1 ns

DM

Table 2: Continued.

Characteristics
Affected vessels p

value1–2 ≥3
Patient number, n

(%)
64 (41.6) 90 (58.4)

Age 62:39 ± 8:24 61:25 ± 9:33 ns

Male, n (%) 47 (73.4) 66 (75.9) ns

BMI (kg/m2) 25:52 ± 3:55 25:22 ± 3:18 ns

HR (bpm) 70:28 ± 13:54 72:29 ± 13:06 ns

Systolic BP (mmHg) 125:76 ± 19:21 128:06 ± 20:65 ns

Diastolic BP
(mmHg)

78:92 ± 10:54 79:16 ± 12:37 ns

LVEF (%) 58:19 ± 12:08 56:25 ± 12:59 ns

Creatine (μmol/L) 73:44 ± 37:03 69:33 ± 21:03 ns

HDL-C (mmol/L) 0:87 ± 0:21 0:9 ± 0:2 ns

LDL-C (mmol/L) 2:18 ± 0:73 2:11 ± 0:75 ns

Triglyceride
(mmol/L)

1:69 ± 0:76 1:72 ± 1:18 ns

Lipoprotein A
(mg/L)

211:45 ± 175:11 244:89 ± 246:42 ns

apoA-I (g/L) 1:08 ± 0:18 1:07 ± 0:18 ns

HbA1c (%) 7:41 ± 1:38 8:03 ± 1:54 <0.05
HDL-C/apoA-I

(mmol/g)
0:79 ± 0:08 0:84 ± 0:11 <0.05

Data aremean ± SD and number (%). ACS: acute coronary syndrome; apoA-
I: apolipoprotein A-I; BMI: body mass index; BP: blood pressure; DM:
diabetes mellitus; HbA1c: hemoglobin A1c; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; LVEF:
left ventricular ejection fraction.
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Baseline characteristics of all patients and patients in the
non-DM/DM subgroups are shown in Table 1. The 468 ACS
patients had a mean age of 60:97 ± 9:57 years with a mean
HbA1c of 6:4% ± 1:31 and a mean HDL-C/apoA-I ratio of
0:85 ± 0:12mmol/g. The mean number of affected vessels indi-
cated by coronary angiography was 2:57 ± 0:87 in DM patients,
significantly higher than that in non-DM patients (2:39 ± 0:89,
p < 0:05). Additionally, the HbA1c level was also higher in DM
patients compared to non-DM ACS patients (7:75 ± 1:50 vs.
5:74 ± 0:35, p < 0:001). Although no differences were found
in low-density lipoprotein cholesteryl (LDL-C), HDL-C, and
apoA-I, the HDL-C/apoA-I ratio was lower in diabetic ACS
patients than in non-DM patients (0:82 ± 0:10 vs. 0:86 ± 0:12,
p < 0:01). No differences in other risk factors were found
between the non-DM and DM ACS patients, such as age, gen-
der, family history of coronary artery disease, history of hyper-

tension, heart rate (HR), creatine, blood urea nitrogen (BUN),
and medication at discharge.

3.2. Baseline Characteristics of Patients with Single- and
Multivessel Lesions. Baseline characteristics of ACS patients
with single-vessel (1-2 affected vessels) and multivessel (≥3
affected vessels) lesions are shown in Table 2. No differences
were found in risk factors, including age, gender, BMI, heart
rate, systolic/diastolic blood pressure (BP), creatine, left ven-
tricular ejection fraction (LVEF), HDL-C, and LDL-C,
between the single- and multivessel lesion groups in either
all, non-DM, or DM ACS patients.

In the whole population, 213 patients had multivessel
lesions, while 255 patients had a single-vessel lesion. HbA1c
was higher in patients with multivessel lesions (6:57 ± 1:45
vs. 6:24 ± 1:14, p < 0:05). However, apoA-I is lower in
patients with multivessel lesions than a single-vessel lesion
(1:05 ± 0:18 vs. 1:09 ± 0:17, p < 0:05).

In the non-DM subgroup, 165 and 149 patients had
multi- and single-vessel lesions, respectively. HbA1c was
unaltered between patients with different numbers of affected
vessels, whereas apoA-I was decreased in patients with multi-
vessel lesions compared to those with a single-vessel lesion
(1:05 ± 0:18 vs. 1:1 ± 0:17, p < 0:05).

In the DM subgroup, 90 and 64 patients had multi- and
single-vessel lesions, respectively. HbA1c was 8:03 ± 1:54 in
patients with multiple-vessel lesions, which is significantly
higher than that in patients with a single-vessel lesion
(7:41 ± 1:38, p < 0:05). Moreover, the HDL-C/apoA-I ratio
was higher in multivessel lesion DM patients than in single-
vessel lesion DM patients (0:84 ± 0:11 vs. 0:79 ± 0:08, p <
0:05).

3.3. Association between HDL-C/apoA-I and Severity of
Coronary Artery Stenosis. The severity of coronary artery
stenosis was evaluated by the number of affected vessels
suffering from coronary artery stenosis as described.
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Figure 2: Linear regression analysis between the HDL-C/apoA-I ratio and the number of stenotic coronary arteries in non-DM and DMACS
patients.

Table 3: Multiregression analysis of the severity of coronary artery
stenosis in non-DM and DM ACS patients.

Variable Coefficient 95% CI p value

Non-DM

Age 0.012 -0.002 to 0.025 ns

BMI (kg/m2) 0.006 -0.033 to 0.045 ns

HDL-C/apoA-I (mmol/g) -0.091 -1.263 to 1.080 ns

apoA-I (g/L) -0.299 -0.986 to 0.387 ns

HbA1c (%) 0.178 -0.166 to 0.521 ns

DM

Age -0.019 -0.038 to 0.000 ns

BMI (kg/m2) 0.005 -0.044 to 0.054 ns

HDL-C/apoA-I (mmol/g) 1.801 0.235 to 3.368 <0.05
apoA-I (g/L) -0.317 -1.252 to 0.618 ns

HbA1c (%) 0.052 -0.057 to 0.162 ns

Data are the mean ± SD and number (%). apoA-I: apolipoprotein A-I; BMI:
body mass index; BP: blood pressure; DM: diabetes mellitus; HbA1c:
hemoglobin A1c; HDL-C: high-density lipoprotein cholesterol.
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Table 4: Baseline characteristics for ACS patients with or without DM in HDL/apoA tertiles.

Characteristics
HDL/apoA

p value<0.77 0.77-0.89 >0.89
All

Patient number 152 161 155

Age 58:57 ± 8:49 60:64 ± 9:95 63:65 ± 9:52 <0.001
Male, n (%) 121 (79.6) 125 (77.6) 119 (76.8) ns

BMI (kg/m2) 25:78 ± 3:42∗ 24:93 ± 3:14 24:05 ± 3:27 <0.01
HR (bpm) 69:98 ± 19:05 70:95 ± 12:87 72:52 ± 16:74 ns

Systolic BP (mmHg) 125 ± 18:58 127:33 ± 17:88 126:2 ± 20:58 ns

Diastolic BP (mmHg) 78:3 ± 11:39 78:83 ± 11:16 77 ± 12:73 ns

LVEF (%) 59:06 ± 12:57 58:83 ± 11:74 56:93 ± 13 ns

Creatine (μmol/L) 69:2 ± 16:94 70:69 ± 26:76 69:27 ± 17:56 ns

HDL-C (mmol/L) 0:75 ± 0:11 0:9 ± 0:15 1:08 ± 0:23 <0.001
LDL-C (mmol/L) 2:03 ± 0:62 2:26 ± 0:78 2:35 ± 0:93 <0.01
Triglyceride (mmol/L) 2:34 ± 1:48 1:54 ± 0:72 1:15 ± 0:73 <0.001
Lipoprotein A (mg/L) 197:66 ± 192:03 251:75 ± 204:74 292:67 ± 243:59 <0.05
apoA-I (g/L) 1:03 ± 0:14 1:07 ± 0:17 1:11 ± 0:22 <0.01
HbA1c (%) 6:45 ± 1:27 6:52 ± 1:52 6:22 ± 1:06 <0.01
HDL-C/apoA-I (mmol/g) 0:73 ± 0:05∗ 0:83 ± 0:02∗ 0:97 ± 0:08∗ <0.001
Affected vessels 2:38 ± 0:94 2:43 ± 0:84 2:54 ± 0:88 ns

Non-DM

Patient number 92 103 110

Age 58:35 ± 8:68 59:26 ± 10:21 63:48 ± 9:76 <0.001
Male, n (%) 75 (81.5) 84 (81.6) 90 (75.6) ns

BMI (kg/m2) 25:93 ± 3:18 24:74 ± 3:09 23:73 ± 3:42 <0.001
HR (bpm) 70:08 ± 22:96 70:45 ± 12:74 72:46 ± 16:86 ns

Systolic BP (mmHg) 124:97 ± 17:14 125:95 ± 16:35 126:3 ± 21:26 ns

Diastolic BP (mmHg) 78:58 ± 11:72 78:24 ± 11:03 76:27 ± 12:58 ns

LVEF (%) 59:55 ± 12:56 60:12 ± 11:11 57:5 ± 13:14 ns

Creatine (μmol/L) 69:59 ± 15:69 68:81 ± 15:04 68:96 ± 17:1 ns

HDL-C (mmol/L) 0:75 ± 0:13 0:9 ± 0:14 1:08 ± 0:24 <0.001
LDL-C (mmol/L) 2:09 ± 0:67 2:3 ± 0:81 2:37 ± 0:94 ns

Triglyceride (mmol/L) 2:44 ± 1:7 1:53 ± 0:57 1:18 ± 0:81 <0.001
Lipoprotein A (mg/L) 194:42 ± 162:65 251:64 ± 204:09 304:74 ± 252:65 <0.01
apoA-I (g/L) 1:03 ± 0:15 1:07 ± 0:16 1:11 ± 0:22 <0.05
HbA1c (%) 5:75 ± 0:37 5:72 ± 0:38 5:76 ± 0:32 ns

HDL-C/apoA-I (mmol/g) 0:73 ± 0:05 0:84 ± 0:03 0:98 ± 0:09 <0.001
Affected vessels 2:34 ± 0:93 2:38 ± 0:86 2:43 ± 0:90 ns

DM

Patient number 60 58 36

Age 58:92 ± 8:27 63:1 ± 9:05 64:22 ± 8:79 <0.05
Male, n (%) 46 (76.7) 41 (70.7) 29 (80.6) ns

BMI (kg/m2) 25:54 ± 3:8 25:26 ± 3:24 25:1 ± 2:55 ns

HR (bpm) 69:85 ± 10:8 71:86 ± 13:17 72:75 ± 16:61 ns

Systolic BP (mmHg) 125:05 ± 20:77 129:76 ± 20:25 125:89 ± 18:44 ns

Diastolic BP (mmHg) 77:9 ± 10:98 79:9 ± 11:41 79:44 ± 13:09 ns
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Simple linear regression analysis demonstrated that the
HDL-C/apoA-I ratio was positively correlated with the
severity of coronary artery stenosis in DM ACS patients
(R2 = 0:053, p = 0:004). However, the HDL-C/apoA-I ratio
was not associated with the severity of coronary artery ste-
nosis in non-DM ACS patients (Figure 2).

Multiregression analysis was then performed to further
determine the risk factors regarding the severity of
coronary artery stenosis (Table 3). Consistently, the HDL-
C/apoA-I ratio was only found to be significantly positively
correlated to the severity of coronary artery stenosis in dia-
betic ACS patients (95% CI 0.235 to 3.368, p < 0:05).

3.4. Comparison of Characteristics between Patients with
Different HDL-C/apoA-I Levels. Patients were divided into 3
groups based on HDL-C/apoA-I tertiles, and the comparison
of various characteristics is shown in Table 4. In the whole
population, age, HDL-C, LDL-C, and apoA-I were signifi-
cantly increased in uprising HDL-C/apoA-I levels (p < 0:05
). On the contrary, BMI was stepwise decreased based on
HDL-C/apoA-I levels (p < 0:001). Patients with the middle
level of HDL-C/apoA-I had the highest level of HbA1c com-
pared to those with low and high levels of HDL-C/apoA-I
(6:52 ± 1:52 vs. 6:45 ± 1:27 vs. 6:22 ± 1:06, p < 0:01). No dif-
ference in gender, HR, BP, LVEF, and the number of stenotic

Table 4: Continued.

Characteristics
HDL/apoA

p value<0.77 0.77-0.89 >0.89
LVEF (%) 58:3 ± 12:68 56:53 ± 12:6 55:09 ± 12:54 ns

Creatine (μmol/L) 68:6 ± 18:83 74:03 ± 39:85 70:33 ± 19:22 ns

HDL-C (mmol/L) 0:76 ± 0:11 0:9 ± 0:17 1:08 ± 0:24 <0.001
LDL-C (mmol/L) 1:96 ± 0:55 2:21 ± 0:75 2:3 ± 0:94 ns

Triglyceride (mmol/L) 2:21 ± 1:1 1:57 ± 0:94 1:07 ± 0:41 <0.001
Lipoprotein A (mg/L) 202:64 ± 231:38 251:94 ± 207:69 252:82 ± 209:19 ns

apoA-I (g/L) 1:05 ± 0:12 1:08 ± 0:19 1:12 ± 0:25 ns

HbA1c (%) 7:54 ± 1:41 7:97 ± 1:72 7:76 ± 1:22 ns

HDL-C/apoA-I (mmol/g) 0:73 ± 0:05 0:83 ± 0:03 0:97 ± 0:07 <0.05
Affected vessels 2:43 ± 0:96 2:52 ± 0:80 2:91 ± 0:71 <0.05

Data are mean ± SD and number (%). ACS: acute coronary syndrome; apoA-I: apolipoprotein A-I; BMI: body mass index; BP: blood pressure; DM: diabetes
mellitus; HbA1c: hemoglobin A1c; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; LVEF: left ventricular ejection
fraction.
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Figure 3: Kaplan-Meier survival curves for freedom from MACE in non-DM and DM patients.
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coronary arteries was found in this comparison. Similar
trends of all these characteristics were found in the non-
DM ACS patients.

In the DM ACS patient group, age and HDL-C were also
increased as HDL-C/apoA-I levels rise (58:92 ± 8:27 vs.
63:1 ± 9:05 vs. 64:22 ± 8:79, p < 0:05; 0:76 ± 0:11 vs. 0:9 ±
0:17 vs. 1:08 ± 0:24, p < 0:001). Interestingly, the severity of
coronary artery stenosis was more obvious in patients with
lower HDL-C/apoA-I levels (2:91 ± 0:71 vs. 2:52 ± 0:80 vs.
2:43 ± 0:96, p < 0:05).

3.5. Effect of the HDL-C/apoA-I Level on MACE Occurrence.
Kaplan-Meier survival analysis was utilized to evaluate the
survival curve in different HDL-C/apoA-I level groups in
non-DM and DM ACS patients, as shown in Figure 3. How-
ever, the analysis showed no difference in MACE in both
groups.

4. Discussion

The HDL-C/apoA-I ratio has been proposed as a novel sur-
rogate marker for the increased risk of CVD-related, can-
cer-related, and all-cause death [17]. However, the
discriminative value of the HDL-C/apoA-I ratio in predicting
the risk and severity of CVD in diabetic and nondiabetic
patients has not been studied yet. In this study, we found that
the HDL-C/apoA-I ratio was positively correlated with the
number of stenotic coronary arteries among diabetic ACS
patients but not nondiabetic patients, indicating that the
HDL-C/apoA-I ratio may be a valuable marker for predicting
the severity of coronary artery stenosis in DM patients. How-
ever, the HDL-C/apoA-I ratio exhibited no effect on the 2-
year MACE rate in both the diabetic and nondiabetic ACS
patients.

The plasma HDL-C level is known to be inversely corre-
lated with the risk of CVD [18, 19]. However, cholesteryl
ester transfer protein inhibitors, such as torcetrapib and dal-
cetrapib, which can increase HDL-C levels by 30-70%, were
proven to be ineffective in reducing recurrent cardiovascular
events in ACS patients in phase 3 clinical trials [20, 21].
Moreover, increasing evidence demonstrates that not all
HDL are functionally equivalent, and HDL dysfunction and
remodeling are associated with reduced protective functions
[22, 23]. For example, HDL isolated from T2DM and coro-
nary artery disease patients exhibited impaired anti-
inflammatory and antioxidative capacities compared to
healthy controls [11, 24]. Dysfunctional HDL with elevated
proinflammatory but impaired efflux capacities was also
associated with an increased incidence of ACS [25]. In the
present study, no difference was found in the HDL-C level
between the DM and non-DM patients, although the number
of stenotic coronary arteries was significantly higher in DM
patients. Besides, the HDL-C level was also unchanged in
patients with multivessel lesions compared to those with a
single-vessel lesion, implying that HDL-C function is likely
to be a better target for predicting and decreasing the risk
of CVD than HDL-C quantity.

apoA-I is the major protein component of HDL, which
plays critical roles in modulating the formation and function

of HDL [8]. The HDL-apoA-I exchange (HAE) rate is one of
the important approaches to assess the function of HDL, in
light of its ability to remodel and release lipid-poor apoA-I
[26]. The HAE rate was decreased in T1DM young adults
[27] and metabolic syndrome patients [28] compared with
healthy control subjects. The HAE rate has also been
reported to be inversely associated with the atherosclerotic
burden and cardiovascular outcomes in T2DM [29]. Judging
from the above studies, it is rational to investigate the value of
the HDL-C/apoA-I ratio for cardiovascular outcomes.

Recently, growing evidence has proven that the HDL-
C/apoA-I ratio may be an easier approach for estimating
HDL function and provide additional insight as a risk
marker for CVD. A cross-sectional study of 12,031 men
found that the HDL-C level became positively correlated
with preclinical atherosclerosis after adjusting for the
apoA-I level [30]. The highest HDL-C/apoA-I ratio quar-
tile has been shown to be associated with the increased
risk for CVD- and cancer-related deaths [31]. However,
a retrospective analysis of 2566 statin-treated coronary
artery disease patients reported a controversial result that
the increasing level of the HDL-C/apoA-I ratio was associ-
ated with less progression of coronary atherosclerosis as
evaluated by intravascular ultrasound [32]. In our case,
the HDL-C/apoA-I ratio was only increased in DM
patients with multivessel lesions and positively correlated
with the number of stenotic coronary arteries in DM
patients, but not associated with MACEs in diabetic and
nondiabetic patients. More well-designed and long-term
follow-up studies are still necessary to further investigate
the value of HDL-C/apoA-I in the prognosis of ACS
patients with and without DM.

5. Limitations

Subjects enrolled in this study are limited to patients admit-
ted to the cardiology department of the First Affiliated Hos-
pital of Xi’an Jiaotong University, and the sample size is
relatively small. Therefore, the conclusion should be drawn
cautiously. A larger cohort study is needed to verify these
findings and investigate the role of HDL-C/apoA-I in pre-
dicting long-term major adverse cardiac events in diabetic
and nondiabetic ACS patients. Moreover, to evaluate the
severity of coronary lesions, functional assessment, such as
intravascular ultrasound and fractional flow reserve index,
should be considered in future studies. Importantly, a com-
plex and systemic score, i.e., SYNTAX score and TIMI score,
could be further recorded to predict the severity of coronary
artery stenosis more accurately.

6. Conclusions

A higher HDL-C/apoA-I ratio is associated with increased
severity of coronary artery stenosis in DM patients with
ACS. Further studies are needed to clarify the role of the
HDL-C/apoA-I ratio in predicting short- and long-term
CVD events in these patients.

8 Disease Markers



Abbreviations

ACS: Acute coronary syndrome
apoA-I: Apolipoprotein A-I
BP: Blood pressure
BUN: Blood urea nitrogen
HbA1c: Hemoglobin A1c
HDL-C: High-density lipoprotein cholesteryl
HR: Heart rate
LDL-C: Low-density lipoprotein cholesteryl
LVEF: Left ventricular ejection fraction
MACE: Major adverse cardiac event
NSTEMI: Non-ST elevated myocardial infarction
STEMI: ST elevated myocardial infarction
T2DM: Type 2 diabetes mellitus
UA: Unstable angina.

Data Availability

Data supporting the conclusions of this article are included
within the article and available from the corresponding
authors on reasonable request.

Ethical Approval

This study received ethical committee approval at the First
Affiliated Hospital of Xi’an Jiaotong University (ethical
approval number: XJTU-1AF2012LSK-312).

Consent

Written informed consent was obtained from all study
participants.

Conflicts of Interest

There is no conflict of interest regarding the publication of
this article.

Authors’ Contributions

ZY and JS designed this study. LS wrote the draft of the man-
uscript. YW and JZ revised the manuscript. MG, XQ, YH,
TG, BL, CX, XB, and RL collected the written informed con-
sent and patient data. LS, MG, and CX performed the statis-
tical analysis. All authors read and approved the final
manuscript.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (81800390), the Clinical Research
Award of the First Affiliated Hospital of Xi’an Jiaotong Uni-
versity, China (Nos. XJTU1AF-CRF-2018-025 and
XJTU1AF-CRF-2016-004), the National Key R&D Program
of China (2018YFC1311505), and the Key Project of
Research and Development Plan (2017ZDCXL-SF-02-04-
01).

References

[1] A. Eisen, R. P. Giugliano, and E. Braunwald, “Updates on acute
coronary syndrome,” JAMA Cardiology, vol. 1, no. 6, pp. 718–
730, 2016.

[2] A. Timmis, “Acute coronary syndromes,” BMJ, vol. 351, article
h5153, 2015.

[3] R. Piccolo, A. Franzone, K. C. Koskinas et al., “Effect of diabe-
tes mellitus on frequency of adverse events in patients with
acute coronary syndromes undergoing percutaneous coronary
intervention,” The American Journal of Cardiology, vol. 118,
no. 3, pp. 345–352, 2016.

[4] V. Fuster and M. E. Farkouh, “Acute coronary syndromes and
diabetes mellitus: a winning ticket for prasugrel,” Circulation,
vol. 118, no. 16, pp. 1607-1608, 2008.

[5] M. Zhou, J. Liu, Y. Hao et al., “Prevalence and in-hospital out-
comes of diabetes among patients with acute coronary syn-
drome in China: findings from the Improving Care for
Cardiovascular Disease in China-Acute Coronary Syndrome
Project,” Cardiovascular Diabetology, vol. 17, no. 1, p. 147,
2018.

[6] P. Winzap, A. Davies, R. Klingenberg et al., “Diabetes and
baseline glucose are associated with inflammation, left ventric-
ular function and short- and long-term outcome in acute cor-
onary syndromes: role of the novel biomarker Cyr 61,”
Cardiovascular Diabetology, vol. 18, no. 1, p. 142, 2019.

[7] J. She, Y. Deng, Y. Wu et al., “Hemoglobin A1c is associated
with severity of coronary artery stenosis but not with long term
clinical outcomes in diabetic and nondiabetic patients with
acute myocardial infarction undergoing primary angioplasty,”
Cardiovascular Diabetology, vol. 16, no. 1, p. 97, 2017.

[8] M. Ouimet, T. J. Barrett, and E. A. Fisher, “HDL and reverse
cholesterol transport,” Circulation Research, vol. 124, no. 10,
pp. 1505–1518, 2019.

[9] E. M. Tsompanidi, M. S. Brinkmeier, E. H. Fotiadou, S. M. Gia-
koumi, and K. E. Kypreos, “HDL biogenesis and functions:
role of HDL quality and quantity in atherosclerosis,” Athero-
sclerosis, vol. 208, no. 1, pp. 3–9, 2010.

[10] I. S. Yuhanna, Y. Zhu, B. E. Cox et al., “High-density lipopro-
tein binding to scavenger receptor-BI activates endothelial
nitric oxide synthase,” Nature Medicine, vol. 7, no. 7,
pp. 853–857, 2001.

[11] S. A. Sorrentino, C. Besler, L. Rohrer et al., “Endothelial-vaso-
protective effects of high-density lipoprotein are impaired in
patients with type 2 diabetes mellitus but are improved after
extended-release niacin therapy,” Circulation, vol. 121, no. 1,
pp. 110–122, 2010.

[12] R. F. H. Lemmers, M. van Hoek, A. G. Lieverse, A. J. M. Ver-
hoeven, E. J. G. Sijbrands, and M. T. Mulder, “The anti-
inflammatory function of high-density lipoprotein in type II
diabetes: a systematic review,” Journal of Clinical Lipidology,
vol. 11, no. 3, pp. 712–724.e5, 2017.

[13] J. D. Smith, “Apolipoprotein A-I and its mimetics for the treat-
ment of atherosclerosis,” Current Opinion in Investigational
Drugs, vol. 11, no. 9, pp. 989–996, 2010.

[14] R. S. Rosenson, H. B. Brewer Jr., W. S. Davidson et al., “Choles-
terol efflux and atheroprotection: advancing the concept of
reverse cholesterol transport,” Circulation, vol. 125, no. 15,
pp. 1905–1919, 2012.

[15] D. T. Valenta, J. J. Bulgrien, C. L. Banka, and L. K. Curtiss,
“Overexpression of human ApoAI transgene provides long-

9Disease Markers



term atheroprotection in LDL receptor-deficient mice,” Ath-
erosclerosis, vol. 189, no. 2, pp. 255–263, 2006.

[16] C. Paszty, N. Maeda, J. Verstuyft, and E. M. Rubin, “Apolipo-
protein AI transgene corrects apolipoprotein E deficiency-
induced atherosclerosis in mice,” The Journal of Clinical Inves-
tigation, vol. 94, no. 2, pp. 899–903, 1994.

[17] E. J. Rhee, C. D. Byrne, and K. C. Sung, “The HDL cholestero-
l/apolipoprotein A-I ratio,” Current Opinion in Endocrinology,
Diabetes, and Obesity, vol. 24, no. 2, pp. 148–153, 2017.

[18] A. G. Olsson, G. G. Schwartz, M. Szarek et al., “High-density
lipoprotein, but not low-density lipoprotein cholesterol levels
influence short-term prognosis after acute coronary syn-
drome: results from the MIRACL trial,” European Heart Jour-
nal, vol. 26, no. 9, pp. 890–896, 2005.

[19] P. P. Toth, P. J. Barter, R. S. Rosenson et al., “High-density
lipoproteins: a consensus statement from the National Lipid
Association,” Journal of Clinical Lipidology, vol. 7, no. 5,
pp. 484–525, 2013.

[20] G. G. Schwartz, A. G. Olsson, M. Abt et al., “Effects of dalcetra-
pib in patients with a recent acute coronary syndrome,” The
New England Journal of Medicine, vol. 367, no. 22, pp. 2089–
2099, 2012.

[21] P. J. Barter, M. Caulfield, M. Eriksson et al., “Effects of torce-
trapib in patients at high risk for coronary events,” The New
England Journal of Medicine, vol. 357, no. 21, pp. 2109–2122,
2007.

[22] G. E. Ronsein and T. Vaisar, “Inflammation, remodeling, and
other factors affecting HDL cholesterol efflux,” Current Opin-
ion in Lipidology, vol. 28, no. 1, pp. 52–59, 2017.

[23] R. S. Rosenson, H. B. Brewer Jr., B. J. Ansell et al., “Dysfunc-
tional HDL and atherosclerotic cardiovascular disease,”
Nature Reviews. Cardiology, vol. 13, no. 1, pp. 48–60, 2016.

[24] C. Besler, K. Heinrich, L. Rohrer et al., “Mechanisms underly-
ing adverse effects of HDL on eNOS-activating pathways in
patients with coronary artery disease,” The Journal of Clinical
Investigation, vol. 121, no. 7, pp. 2693–2708, 2011.

[25] M. T. Soria-Florido, O. Castaner, C. Lassale et al., “Dysfunc-
tional high-density lipoproteins are associated with a greater
incidence of acute coronary syndrome in a population at high
cardiovascular risk: a nested case-control study,” Circulation,
vol. 141, no. 6, pp. 444–453, 2020.

[26] M. S. Borja, L. Zhao, B. Hammerson et al., “HDL-apoA-I
exchange: rapid detection and association with atherosclero-
sis,” PLoS One, vol. 8, no. 8, article e71541, 2013.

[27] M. Heier, M. S. Borja, C. Brunborg et al., “Reduced HDL func-
tion in children and young adults with type 1 diabetes,” Car-
diovascular Diabetology, vol. 16, no. 1, p. 85, 2017.

[28] M. S. Borja, B. Hammerson, C. Tang, O. V. Savinova, G. C.
Shearer, and M. N. Oda, “Apolipoprotein A-I exchange is
impaired in metabolic syndrome patients asymptomatic for
diabetes and cardiovascular disease,” PLoS One, vol. 12,
no. 8, article e0182217, 2017.

[29] M. Heier, A. P. Ofstad, M. S. Borja et al., “High-density lipo-
protein function is associated with atherosclerotic burden
and cardiovascular outcomes in type 2 diabetes,” Atherosclero-
sis, vol. 282, pp. 183–187, 2019.

[30] K. C. Sung, S. H. Wild, and C. D. Byrne, “Controlling for apo-
lipoprotein A-I concentrations changes the inverse direction
of the relationship between high HDL-C concentration and a
measure of pre-clinical atherosclerosis,” Atherosclerosis,
vol. 231, no. 2, pp. 181–186, 2013.

[31] K. C. Sung, S. Ryu, S. H. Wild, and C. D. Byrne, “An increased
high-density lipoprotein cholesterol/apolipoprotein A-I ratio
is associated with increased cardiovascular and all-cause mor-
tality,” Heart, vol. 101, no. 7, pp. 553–558, 2015.

[32] P. Mani, K. Uno, J. St. John, E. M. Tuzcu, S. E. Nissen, and S. J.
Nicholls, “Relation of high-density lipoprotein cholesterol:a-
polipoprotein A-I ratio to progression of coronary atheroscle-
rosis in statin-treated patients,” The American Journal of
Cardiology, vol. 114, no. 5, pp. 681–685, 2014.

10 Disease Markers



Research Article
Exploring the Relationship of Bone Turnover Markers and Bone
Mineral Density in Community-Dwelling
Postmenopausal Women

Xu Wei ,1,2 Yili Zhang ,1,3 Xinghua Xiang,4 Menghua Sun,5 Kai Sun,1 Tao Han,1

Baoyu Qi,1 Yanming Xie,5 Ranxing Zhang ,6 and Liguo Zhu 1,2

1Wangjing Hospital, China Academy of Chinese Medical Sciences, Beijing, China
2Institute of Orthopaedics of Beijing Integrative Medicine, Beijing, China
3Beijing University of Chinese Medicine, Beijing, China
4Hunan University of Science and Technology, Xiangtan, China
5Institute of Basic Research in Clinical Medicine, China Academy of Chinese Medical Sciences, Beijing, China
6Department of Clinical Laboratory, Eye Hospital, China Academy of Chinese Medical Sciences, Beijing, China

Correspondence should be addressed to Ranxing Zhang; bjzrx@sina.com and Liguo Zhu; tcmspine@163.com

Received 23 December 2020; Revised 15 March 2021; Accepted 30 March 2021; Published 22 April 2021

Academic Editor: Alexander Berezin

Copyright © 2021 Xu Wei 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.

Aims. To explore the relationships of procollagen type 1 N-terminal propeptide (P1NP) and β cross-linked C-telopeptide of type 1
collagen (β-CTX) with bone mineral density (BMD) in postmenopausal women. Methods. All postmenopausal women were
selected from a community-based case-control study. The anteroposterior L1-L4 and left proximal femur BMD were measured.
P1NP and β-CTX were also collected and tested. The main correlation analysis was applied to explore the relationships of
BMD, P1NP, and β-CTX. Results. The total 1055 postmenopausal women were enrolled. The BMD at all sites kept a decrease
continually with age (P < 0:01). In addition, the level of β-CTX increased significantly from 45 to 50 years old and remained at a
high level in the later stage, while the level of P1NP changed little or even decreased with age. Logistic regression model showed
that β-CTX has better ability to predict BMD than P1NP, as demonstrated by an area under the curve (AUC) of 0.63.
Conclusion. P1NP and β-CTX are important markers to monitor bone metabolism. This trial is registered with ChiCTR-SOC-
17013090. The date of registration is Oct. 23, 2017.

1. Introduction

The most frequently used tool to diagnose osteoporosis (OP),
the efficacy evaluation, and predict fracture risk is bone min-
eral density (BMD) in different sites according to the criteria
of the World Health Organization [1]. However, the changes
in BMD values are very small within six months and very dif-
ficult to detect acute changes in bone turnover [2, 3]. On the
contrary, bone turnover markers (BTMs) could identify
changes in bone remodeling within a relatively short-time
interval before changes in BMD can be detected [4, 5]. The
values of BTMs are often used to assess the treatment options
and efficiency of antiresorptive anabolic therapies or combi-
nation therapies [6]. In postmenopausal osteoporosis

(PMOP), levels of bone resorption markers above the upper
limit of the premenopausal range are associated with an
increased risk of fracture [7]. Moreover, skeletal turnover is
easily and noninvasively evaluated by the measurement of
serum or urinary biochemical BTMs [8].

In all serum bone formation and resorption indices, two
specific markers are the most recognized in the OP research:
procollagen type 1 N-terminal propeptide (P1NP) and β
cross-linked C-telopeptide of type 1 collagen (β-CTX) [9].
P1NP is a serum biomarker of bone formation, while β-
CTX is a biomarker of bone resorption [10]. The Interna-
tional Osteoporosis Foundation and the International Feder-
ation of Clinical Chemistry and Laboratory Medicine
recommended that P1NP and β-CTX were used as the
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predictor of fracture risk and monitoring of OP treatment as
early as 2011 [11, 12]. Based on the background, the research
on P1NP and β-CTX in the diagnosis and treatment of OP
has attracted more attention than ever. Biochemical bone
turnover markers have been already recommended in the
national OP clinical practice guideline or consensus docu-
ments [13, 14].

Several studies were conducted to explore BTMs in Chi-
nese populations, especially the P1NP and β-CTX levels. A
community-based population study was designed to evaluate
reference ranges of P1NP and β-CTX in healthy Beijing post-
menopausal women [15]. In 2013, the levels of P1NP and β-
CTX were measured in a healthy Shanghai population cover-
ing premenopausal and postmenopausal women [16].
Another Chinese study analyzed 1436 healthy volunteers in
5 Chinese cities, and the relation of BMD and BTMs was
evaluated in a large healthy Chinese population [17]. A high
incidence of OP and osteoporotic fractures was demon-
strated in the community-dwelling middle-aged and aged
people [18, 19]. Nevertheless, there is little information on
the levels of P1NP and β-CTX and their relationship with
BMD in community-dwelling postmenopausal women in
Beijing, China. Accordingly, the case-control study exploring
the relation between biochemical indicators and bone mass
state in postmenopausal women is required.

2. Methods

2.1. Study Design. This is a case-control study as a part of
BEYOND study (BEijing communitY-based Osteoporosis
and osteoporotic fracture screening: a cross-sectioNal and
prospective stuDy), starting in November, 2017 [20]. The
study protocol was registered in the Chinese Clinical Trial
Registry center (registration number: ChiCTR-SOC-
17013090). A total of 1642 community residents who lived
in Chaoyang and Dongcheng Districts of Beijing City were
contacted via community health centers and recruited by
clustered sampling in the baseline survey. It was conducted
in November 2017 to July 2018 from local communities. In
the present study, all postmenopausal women were selected
from the surveyed population.

2.2. Ethical Statement. The authors stated that this study was
approved by the medical ethics committee, Wangjing Hospi-
tal, China Academy of Chinese Medical Sciences (approval
number: WJEC-KT-2017-020-P001) and followed the prin-
ciples outlined in the Declaration of Helsinki for all human.
In addition, for the investigations involving human subjects,
a written informed consent has been obtained from the par-
ticipants involved.

2.3. Study Participants. Figure 1 depicts a flowchart for par-
ticipant selection in our study. All the subjects underwent
careful past medical history inquiry and physical examina-
tion. The inclusion criteria in our study were as follows: (1)
postmenopausal women aged from 45 to 79 years; (2) the
subjects lived locally lasting for more than five years; (3) the
population accepted the study plan and the laboratory exam-
ination including BMD and bone turnover markers (P1NP

and β-CTX); and (4) informed consents were obtained from
all the subjects, in writing, before inclusion in the study. The
participants in the total population who had incomplete
information were excluded from the study. Eventually, 1055
postmenopausal women were eligible and enrolled in the
present analysis.

2.4. Interviews. All the participants were interviewed via a
standardized questionnaire to collect information and com-
pleted a face-to-face paper version of questionnaire. The con-
tent mainly contained age, weight, height, and time since
menopause, history of previous illness, lifestyles, and so on.
The comorbidity including cerebral infarction, coronary
heart disease, dyslipidemia, hypertension, and diabetes melli-
tus was mainly reported by the subjects based on the cur-
rently prescribed medications. In addition, the lifestyles
consisting of current smoking, habitual drinking, regular
exercise, milk intake, and coffee intake were also investigated.

2.5. Bone Mineral Density Measurement. Dual-energy X-ray
absorptiometry device (Hologic, WI, USA) was used to assess
the value of BMD (g/cm2). The anteroposterior L1-L4 and
left proximal femur including the femoral neck and the total
hip BMD were detected, and the T and Z values of each
site were also recorded. According to the WHO diagnosis
criteria, T − score > −1 was defined as normal bone mass,
T − score ≤ −1 and >-2.5 was defined as osteopenia;
whereas, T − score ≤ −2:5 was defined as OP based on bone
densitometry [21]. After using the instrument daily, a pro-
fessional staff was responsible for measuring the accuracy
and debugging problems. The DXA scanner was calibrated
every day, and the coefficient of variability values of the
instrument was set at around 1%.

2.6. Bone Turnover Markers Testing. Fasting blood samples of
the participants were collected between 8 a.m. and 9 a.m. in
the sitting position. And the venipuncture was done in the
antecubital region with minimal venostasis for the testing
of P1NP and β-CTX. The measurements were conducted
through automated electrochemiluminescence immunoassay
system (Roche, Cobas E601, Germany), conforming to labo-
ratory quality control procedures in the clinical practice
guidelines of bone metabolic biomarkers (WS/T 357-2011)
issued by National Health Commission of the People’s
Republic of China [22]. In addition, the serum segregated
for detection was stored at -80 centigrade freezer. As a profes-
sional third-party testing organization, Guangzhou Kingmed
Diagnostics Limited Liability Company was responsible for
collecting and testing blood samples.

2.7. Statistical Analysis. The continuous variables which sat-
isfied normal distribution were presented as the means ±
standard deviations. Data that did not show a normal distri-
bution were expressed as the median [interquartile range
(IQR)]. Categorical variables were represented by frequency
and percentage (%). The comparison for each examined
index between the confirmed OP and non-OP (osteopenia
and normal) population used Student’s t-test or one-way
analysis of variance (ANOVA). The best-fitting mathemati-
cal model was applied to analyze the relationships between

2 Disease Markers

http://www.chictr.org.cn/usercenter.aspx
http://www.chictr.org.cn/usercenter.aspx


BMD and BTMs. Univariate and multivariate logistic regres-
sion analyses were used to evaluate the predictive value of
bone resorption (β-CTX) and formation (P1NP) for BMD.
Furthermore, the ability of β-CTX and P1NP to identify
BMD was assessed through receiver operating characteristic
(ROC) curve analysis. All statistical results were analyzed
by SPSS 23.0 software (SPSS Inc., Chicago, IL, USA), and P
values ≤ 0.05 were considered as statistically significant.

3. Results

3.1. Subject Characteristics. Table 1 presents the characteris-
tics of participants in the study. The basic anthropometry,
BMD, BTMs, history or comorbidity, and lifestyle factors
were described. The study population was composed of four
parts: total population, confirmed OP population, osteopenia
population, and normal population. In our study, 432 sub-
jects were diagnosed OP, and the confirmed OP population
became the older age group and had a lower body mineral
index and longer menopausal duration (P < 0:01). The level
of P1NP and β-CTX in the nonosteoporosis group (osteope-
nia group and normal group) was significantly lower than
that of the confirmed OP group (P < 0:01). In addition, the
confirmed OP group also occupied a higher proportion in
the history of cerebral infarction (P = 0:01).

3.2. BMD, P1NP, and β-CTX Values in Different Age Groups.
Table 2 shows the BMD, P1NP, and β-CTX values at lumbar
spine, femoral neck, and the total hip in different age groups.
The BMD at all sites kept a decrease continually with age
(P < 0:01). In addition, the level of β-CTX increased signifi-
cantly from 45 to 50 years old and remained at a high level

in the later stage, while the level of P1NP changed little or
even decreased with age (Figure 2). The results from the aged
45 to 79 groups confirmed that a relative BMD decrease of
17%, 25%, and 21% was found at lumbar spine, femoral neck,
and the total hip, respectively. The results from the aged 45 to
79 groups confirmed that a relative BTM increase of 8% and
35% was found at P1NP and β-CTX, respectively.

3.3. Correlations between P1NP, β-CTX, and BMD. Table 3
depicts the correlations between the BMD and BTMs, which
found that β-CTX was negatively correlated with lumbar
spine BMD in the normal group and negatively correlated
with total hip BMD in the confirmed OP group (P < 0:05).
Moreover, Spearman analysis also showed that P1NP had a
significantly negative correlation with lumbar spine BMD
(P < 0:01) in OP population. In addition, Figures 3 and 4
depict the correlations of bone turnover markers and BMD
at all sites in different population under the cubic model.

3.4. Predictive Value of BTMs (P1NP and β-CTX) for BMD.
Logistic regression was used to investigate the value of the
biomarkers of bone resorption and formation in the predic-
tion of BMD (Table 4). In the univariate analysis, P1NP
and β-CTX were significant predictors of BMD. Subse-
quently, these two indicators value with P < 0:05 were
included in the multivariate logistic regression (forward)
analysis, which revealed that only β-CTX was a significant
independent predictor of BMD (odds ratio = 39:56, 95% CI:
3.7-422.94; P = 0:002). ROC curve analysis was then per-
formed to evaluate the independent predictors of BMD
(Figure 5). β-CTX was the best predictor for BMD, as dem-
onstrated by an area under the curve (AUC) of 0.63.

A total of 1055 postmenopausal women were eligible for the analysis

A total of 1100 participants met the inclusion criteria

Exclusion criteria: �e participants who had
incomplete information

A total of 1642 community residents who lived in chaoyang and dongcheng Districts of Beijing City were
Contacted via community health center and recruited by clustered sampling in the baseline survey

Incluclusion criteria: 

(i) postmenopausal women aged from 45 to 79 years; 

(iii) the population accepted the study plan and the laboratory examination

including BMD, bone turnover markes (PINP and 𝛽-CTX ); 

(ii) the subjects lived locally lasting for more than five years; 

(iv) informed consents were obtained from all the subjects in 

writting before inclusion in the study

Figure 1: Flowchart of the subject selection process. BMD: bone mineral density; P1NP: procollagen type 1 N-terminal propeptide; β-CTX:
β cross-linked C-telopeptide of type 1 collagen.

3Disease Markers



4. Discussion

The association between BTMs and BMD is controversial,
due primarily to discrepancy in findings. Moreover, most
previous studies were conducted in Caucasian populations
[23], with very few studies being done on Asian populations
[24]. Thus, the novelty of this study was that we wanted to

evaluate the association between BTMs (P1NP and β-CTX)
and BMD in a sample of Chinese women with wide-age
groups and explored the contribution of these markers to
the variation in BMD.

This case-control study showed that the level of BMD in
postmenopausal women was lower than that in premeno-
pausal women. From the viewpoint of different age group,

Table 1: Characteristics of subjects in the study.

Variables
All participants
(N = 1055)

Confirmed OP
(N = 432)

Osteopenia
(N = 481)

Normal
(N = 142)

P value for difference
Unadjusteda Adjustedb

Age (years) 63.14 (6.72) 65.06 (6.62) 62.33 (6.41) 60.06 (6.35) <0.001
BMI (kg/m2) 25.32 (3.35) 24.41 (3.30) 25.65 (3.20) 26.97 (3.13) <0.001
Time since menopause 13.36 (7.71) 15.76 (7.70) 12.51 (7.24) 9.69 (6.73) <0.001
Lumbar spine BMD (g/cm2) 0.84 (0.14) 0.73 (0.09) 0.88 (0.08) 1.05 (0.09) <0.001 <0.001
Femoral neck BMD (g/cm2) 0.69 (0.12) 0.61 (0.09) 0.71 (0.08) 0.85 (0.08) <0.001 <0.001
Total hip BMD (g/cm2) 0.79 (0.13) 0.70 (0.10) 0.82 (0.08) 0.96 (0.08) <0.001 <0.001

P1NP (ng/mL)
52.73

(41.02, 68.95)
56.98

(45.41, 74.72)
50.75

(39.70, 66.28)
45.20

(34.64, 55.15)
<0.001 <0.001

β-CTX (ng/mL) 0.27 (0.20, 0.35) 0.29 (0.23, 0.39) 0.25 (0.20, 0.33) 0.22 (0.18, 0.30) <0.001 <0.001
History or comorbidity (%)

Cerebral infarction 81 (7.68%) 45 (10.42%) 32 (6.70%) 4 (2.80%) 0.01

Coronary heart disease 126 (11.94%) 57 (13.19%) 56 (11.70%) 13 (9.20%) 0.42

Dyslipidemia 267 (25.31%) 110 (25.46%) 119 (24.90%) 38 (26.80%) 0.90

Hypertension 450 (42.65%) 178 (41.20%) 213 (44.60%) 59 (41.5%) 0.58

Diabetes (type I) 3 (0.30%) 3 (0.70%) 0 (0.00%) 0 (0.00%) 0.12

Diabetes (type II) 193 (18.40%) 77 (17.90%) 86 (18.00%) 30 (21.10%) 0.66

Lifestyle factors (%)

Current smoking 50 (4.74%) 20 (4.63%) 27 (5.60%) 3 (2.10%) 0.45

Habitual drinking
(≥once/week) 55 (5.21%) 18 (4.17%) 29 (6.00%) 8 (5.60%) 0.31

Regular exercise
(≥3 times/week)

40 (3.79%) 17 (3.94%) 17 (3.70%) 6 (4.60%) 0.62

Milk intake
(≥3 times/week)

731 (69.29%) 285 (65.97%) 350 (72.80%) 96 (67.60%) 0.07

Coffee intake
(≥3 times/week)

33 (3.13%) 7 (1.62%) 20 (4.20%) 6 (4.20%) 0.25

N : number of subjects; OP: osteoporosis; BMI: bodymass index; BMD: bonemineral density; P1NP: procollagen type 1 N-terminal propeptide; β-CTX: β cross-
linked C-telopeptide of type 1 collagen. Values are presented as the mean (standard deviation) or prevalence (%). aP values were obtained by Student’s t-test,
Kruskal-Wallis test, or chi-square test. bP values were obtained by analysis of covariance.

Table 2: BMD at all sites, P1NP, and β-CTX values in different age groups.

Age group (years) Lumbar spine BMD Femoral neck BMD Total hip BMD P1NP β-CTX

45-49 (N = 12) 0.964 (0.164) 0.802 (0.104) 0.880 (0.122) 45.40 (41.40, 51.71) 0.20 (0.16, 0.22)

50-54 (N = 102) 0.885 (0.143) 0.747 (0.110) 0.849 (0.122) 55.12 (41.85, 76.14) 0.29 (0.20, 0.36)

55-59 (N = 205) 0.875 (0.132) 0.733 (0.107) 0.842 (0.115) 55.53 (44.83, 70.60) 0.26 (0.21, 0.34)

60-64 (N = 290) 0.831 (0.132) 0.692 (0.105) 0.793 (0.111) 52.68 (39.72, 67.97) 0.26 (0.20, 0.34)

65-69 (N = 251) 0.817 (0.134) 0.659 (0.101) 0.761 (0.113) 52.11 (40.87, 69.16) 0.28 (0.20, 0.36)

70-74 (N = 135) 0.828 (0.163) 0.658 (0.135) 0.760 (0.148) 51.56 (38.61, 64.37) 0.28 (0.22, 0.36)

75-79 (N = 60) 0.799 (0.135) 0.605 (0.114) 0.696 (0.119) 49.17 (36.07, 64.34) 0.27 (0.21, 0.34)

Statistics 8.05 23.19 21.90 8.58 11.80

P <0.001a <0.001a <0.001a 0.20b 0.07b

N : number of subjects; BMD: bone mineral density; P1NP: procollagen type 1 N-terminal propeptide; β-CTX: β cross-linked C-telopeptide of type 1 collagen.
aP values were obtained by one-way ANOVA. bP values were obtained by the Kruskal-Wallis test.
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Figure 2: Age-related changes in BMD, P1NP, and β-CTX. BMD: bone mineral density; P1NP: procollagen type 1 N-terminal propeptide;
β-CTX: β cross-linked C-telopeptide of type 1 collagen.

Table 3: Correlations between BMD, P1NP, and CTX.

Variables
Lumbar spine BMD Femoral neck BMD Total hip BMD
r P r P r P

Normal (N = 142) P1NP -0.09 0.31 -0.02 0.80 0.03 0.69

β-CTX -0.20 0.02 -0.04 0.60 -0.11 0.20

Confirmed OP (N = 432) P1NP -0.15 0.002 -0.07 0.14 -0.04 0.40

β-CTX -0.08 0.09 -0.05 0.27 -0.14 0.004

BMD: bone mineral density; P1NP: procollagen type 1 N-terminal propeptide; β-CTX: β cross-linked C-telopeptide of type 1 collagen; r: correlation coefficient.
P values were obtained by Spearman correlation analysis.
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Figure 3: Correlations of bone turnover markers and BMD at all sites in normal group under the cubic model. BMD: bone mineral density;
P1NP: procollagen type 1 N-terminal propeptide; β-CTX: β cross-linked C-telopeptide of type 1 collagen.
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Figure 4: Correlations of bone turnover markers and BMD at all sites in confirmed osteoporosis group under the cubic model. BMD: bone
mineral density; P1NP: procollagen type 1 N-terminal propeptide; β-CTX: β cross-linked C-telopeptide of type 1 collagen.

Table 4: Univariate and multivariate logistic regression analyses of P1NP and β-CTX for predicting BMD.

BTMs
Univariate logistic Multivariate logistic (enter)

OR 95% CI P value OR 95% CI P value

P1NP 1.02 (1.01, 1.03) <0.001
β-CTX 158.24 (22.99, 1089.33) <0.001 39.56 (3.70, 422.94) 0.002

Data was presented by P value, OR, and 95% CI. The value of BTMs to predict BMD was tested using a univariate and multivariate logistic regression model. P
value < 0.05 was considered statistically significant. BMD: bone mineral density; P1NP: procollagen type 1 N-terminal propeptide; β-CTX: β cross-linked C-
telopeptide of type 1 collagen; CI: confidence interval.
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the BMD value at all sites kept a decrease continually with
age (Table 2). Previous study has been indicated that the
organic components of bones are mainly composed of type
I collagen (about 90%), bone-binding proteins (about 10%),
and other trace proteins [25]. Bone development stops after
puberty, but cellular activity (bone remodeling) continues
to maintain a dynamic balance between bone formation
and bone resorption. However, menopause and certain path-
ological processes may upset this balance and lead to OP. Our
study showed that P1NP and β-CTX have a relative increas-
ing trend in the early postmenopausal period (Figure 2),
which concurred with the results of Vasikaran et al. [26]
and Lou et al. [27].

In the organic components of bone matrix, type I colla-
gen is synthesized by osteoblasts, and its N-terminus is
P1NP. The increased activity of osteocytes could drive the
synthesis of procollagen and increase the blood concentra-
tion of P1NP. Hence, the concentration of P1NP in blood
can be used as a marker to reflect the ability of osteoblasts
to synthesize collagen, which is also the basis for evaluating
osteoblast activity and bone formation [28, 29]. β-CTX, the
degradation product of C-terminal peptide of type I collagen,
is one of the most valuable markers to evaluate osteoclast
activity and bone resorption [30, 31], and its increase could
reflect the degree of bone resorption. In our study, we found
that the level of β-CTX increased significantly from 45 to 50
years old and remained at a high level in the later stage, while
the level of P1NP changed little or even decreased with age,
which indicated that the degree of bone resorption was
greater than bone formation. Similar study confirmed that
it was not only consistent with the development trend of
BMD but also may explain the reason for the decrease of
bone mass [32].

Estrogen research has provided landmark research on
understanding the relationship between osteoporosis and

BTMs [33]. Declining circulating estradiol levels, particularly
during the menopausal transition, gives rise to increased
bone turnover, causing an imbalance between bone resorp-
tion and formation [34, 35]. With the extension of time since
menopause, the positive correlation of estrogen with BMD
and BTMs was found in our study. Moreover, during the
aged 45 to 59, the fluctuation of BTMs was more obvious,
reflecting that estrogen concentration was one of the most
important factors determining BTMs.

Estrogen loss promotes osteoclast formation and bone
resorption while inhibiting osteoclast apoptosis through a
variety of mechanisms. In the case of withdrawal of estrogen
after menopause, the expression of RANKL (a molecule
essential for osteoclast formation) in osteoblast lineage
including mesenchymal stem cells [36], osteocytes [37], and
bone lining cells [38] increased, while OPG production
decreased. The increased RANKL could bind to RANK and
induce the recruitment of TNF receptor-associated factor 6
(TRAF6), and further activate the downstream NF-κB and
MAPK pathways; both of which drive the activation of
NFATc1 and stimulate osteoclast formation [39]. Estrogen
deficiency also inhibits osteoclast apoptosis by inhibiting
Fas/FasL system [40]. In contrast to postmenopausal bone
resorption, bone formation decreased relatively. In its physio-
logical state, estrogen could protect osteoblasts from apoptosis
and enhance their proliferation, maturation, and mineraliza-
tion to maintain bone formation through various signaling
pathways [41, 42]. However, these osteoprotective effects are
counteracted by estrogen deprivation. Furthermore, previous
study revealed that ovariectomy-induced estrogen deficiency
stimulated the activation of NF-κB in differentiated osteo-
blasts, thus weakening the function of osteoblasts [43].

It is worth noting that previous studies have confirmed
that both types of BTMs (resorption and formation) are more
increased in early postmenopausal period due to accelerated
bone resorption [14, 44]. BTMs still increase in elderly
patients, which is usually explained by other mechanisms
(vitamin D deficiency, intestinal malabsorption of calcium,
and secondary hyperparathyroidism) [45]. In addition,
previous studies have confirmed that BTM is correlated
with BMD value in different skeleton sites [46, 47]. However,
we did not observe the negative correlation of BTMs and
BMD value at all sites (Table 3 and Figures 3 and 4) in the
present study. However, given the limitations of sample size
and study period, the negative correlation between BMD
and BTMs has not been observed in this study, which may
need to be confirmed by further follow-up studies.

5. Strengths and Novelty

Our study has the following novelty and strengths: (1) as far
as we know, this study was the first time to analyze the corre-
lation between BTMs and BMD in Beijing area, which may
further deepen and expand the existing evidence [16]; (2)
the sample size was large enough and the study participants
with a wide age-range were recruited from the urban and
suburb, thereby avoiding sample error and being representa-
tive of the Chinese population; (3) this study utilized current
recommendations and gold standards to evaluate BMD along

ROC curve
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1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4

1 − sensitivity

Se
ns

iti
vi

ty

0.6 0.8 1.0

Figure 5: Receiver operating characteristic curves displaying the
predictive performance of β-CTX in OP patients. ROC: receiver
operating characteristic; AUC: area under the ROC curve; CI:
confidence interval.
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with prevalence of osteopenia and osteoporosis; and (4) we
well descripted and screened the participants’ characteristics,
and have the detailed inclusion and exclusion criteria to
ensure a more precise sample population.

6. Limitations

This study did, however, have some limitations. The main
limitation of this study was the observational study design
with group comparisons, which did not enable causal inter-
pretations. Moreover, BTMs were also affected by dietary
and circadian rhythms [48], and the limited number of BTMs
analyzed showed an incomplete process of bone metabolism.
Therefore, we will continue to expand the sample size for
follow-up study to explore the deeper relationship between
BTMs and BMD in a larger population.

7. Conclusion

The low bone mass state was significantly associated with the
increased levels of BTMs in the development of osteoporosis.
For the community-dwelling postmenopausal women with
different age, P1NP and β-CTX were important markers to
monitor bone metabolism. Considering the findings in this
study, more future extensive studies are necessary to clarify
potential molecular mechanisms to help develop more effec-
tive therapeutic interventions that may slow the progression
of postmenopausal osteoporosis.
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Background. Identifying malignant pulmonary nodules and detecting early-stage lung cancer (LC) could reduce mortality. This
study investigated the clinical value of a seven-autoantibody (7-AAB) panel in combination with the Mayo model for the early
detection of LC and distinguishing benign from malignant pulmonary nodules (MPNs). Methods. The concentrations of the
elements of a 7-AAB panel were quantitated by enzyme-linked immunosorbent assay (ELISA) in 806 participants. The
probability of MPNs was calculated using the Mayo predictive model. The performances of the 7-AAB panel and the Mayo
model were analyzed by receiver operating characteristic (ROC) analyses, and the difference between groups was evaluated by
chi-square tests (χ2). Results. The combined area under the ROC curve (AUC) for all 7 AABs was higher than that of a single
one. The sensitivities of the 7-AAB panel were 67.5% in the stage I-II LC patients and 60.3% in the stage III-IV patients, with a
specificity of 89.6% for the healthy controls and 83.1% for benign lung disease patients. The detection rate of the 7-AAB panel
in the early-stage LC patients was higher than that of traditional tumor markers. The AUC of the 7-AAB panel in combination
with the Mayo model was higher than that of the 7-AAB panel alone or the Mayo model alone in distinguishing MPN from
benign nodules. For early-stage MPN, the sensitivity and specificity of the combination were 93.5% and 58.0%, respectively. For
advanced-stage MPN, the sensitivity and specificity of the combination were 91.4% and 72.8%, respectively. The combination of
the 7-AAB panel with the Mayo model significantly improved the detection rate of MPN, but the positive predictive value
(PPV) and the specificity were not improved when compared with either the 7-AAB panel alone or the Mayo model alone.
Conclusion. Our study confirmed the clinical value of the 7-AAB panel for the early detection of lung cancer and in
combination with the Mayo model could be used to distinguish benign from malignant pulmonary nodules.

1. Introduction

Lung cancer (LC) remains the highest cause of cancer-related
death for both sexes in the United States and worldwide [1,
2]. Early detection of LC and timely resection could reduce
the mortality rate associated with this disease. Compared to
chest radiography, annual low dose computed tomography
(LDCT) screening is associated with a 20% reduction in LC
mortality in high-risk individuals [3]. With the movement
toward screening for LC at an early stage by LDCT or the
widespread use of multidetector CT technology, an increas-
ing number of pulmonary nodules (PNs) are being detected

[4, 5, 6]. However, the drawbacks of LDCT screening, includ-
ing with high rate of false-positive rate results (96.4%) to dis-
tinguish benign nodules from early-stage malignant cancer,
not only lead to unnecessary follow-up toxic radiation scans
and invasive follow-up procedures [3, 7] but also bring no
benefit to the outcomes of small cell lung cancer (SCLC)
patients [8]. Due to the small lesion volume and the lack of
specific CT imaging features for distinguishing between
benign and malignant nodules, it has long been challenging
for clinicians to identify malignant pulmonary nodules
(MPNs) from benign pulmonary nodules (BPNs). Most clini-
cians diagnose PNs mainly based on their personal clinical

Hindawi
Disease Markers
Volume 2021, Article ID 6677823, 12 pages
https://doi.org/10.1155/2021/6677823

https://orcid.org/0000-0001-5174-5262
https://orcid.org/0000-0002-9193-0638
https://orcid.org/0000-0002-9562-0178
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/6677823


experience or specific CT imaging features, which may be
subjective. A mathematical predictive model is an objective
evaluation method based on statistics; therefore, one could
be expected to help physicians distinguish benign from
malignant nodules, avoiding subjective and one-sided judg-
ments [9]. The Mayo Clinic model, published in 1997, is
the first and still widely used model focusing on solitary pul-
monary nodules (SPNs). It includes six variables (age, smok-
ing history, cancer history, nodule diameter, location of the
nodule, and speculation), with an area under curve (AUC)
of 0.832 for predicting malignancy [10]. However, the Mayo
model may underestimate the probability of malignancy in
low-risk patients or have poor calibration in patients referred
for surgical evaluation [11, 12]. Therefore, another adjunc-
tive test is extremely essential to improve differentiating
benign from malignant nodules and reduce the false-
positive rate.

Tumor-associated autoantibodies (AABs), formulated
from tumor-associated antigens (TAAs) captured by the
humoral immune system, may be used to identify individuals
with early lung cancer or distinguish MPNs from BPNs [13].
AABs can be detected before the disease becomes symptom-
atic and may even be found up to 5 years before CT is able to
identify the tumor [14]. For the heterogeneity of single anti-
gen expression, many studies have focused on panels of auto-
antibodies as blood biomarkers to diagnose early LC or to
distinguish benign from malignant nodules, but the diagnos-
tic accuracy has been inconsistent [13, 15–20]. Our previous
meta-analysis showed that the sensitivities of two panels, one
using 7 AABs and the other 6 AABs, were 40% and 29.7% in
the early detection of LC, while their specificities were 91%
and 87%, respectively. [21] Recently, a seven-AAB panel
(p53, PGP9.5, SOX2, GAGE7, GBU4-5, CAGE, and
MAGEA1) was developed and commoditized in China,
which is mainly used as a new biomarker in the early diagno-
sis of lung cancer, with a sensitivity range from 56.5% to 62%
and a specificity range from 90% to 91.6% in the detection of
early-stage LC. When combined with CT, the diagnostic
yield could be improved in patients presenting with
ground-glass nodules (GGNs) and/or solid nodules [13, 22,
23]. However, none of the current panels showed enough
sensitivity to make them ideal serum biomarkers for the early
detection of LC. In the present study, we not only validated
the clinical value of the 7-AAB panel in the early detection
of LC but also evaluated the value of the utility of the 7-
AAB panel in combination with the Mayo model to distin-
guish between benign and malignant nodules.

2. Materials and Methods

2.1. Patients and Blood Samples. This study was a diagnostic
cohort test (registration number: ChiCTR-DDD-17010378)
approved by the ethics committee of the Fourth Affiliated
Hospital of Guangxi Medical University (number
KY2016208). Blood samples were collected from 806 partic-
ipants (Tables 1 and 2), which included patients with histo-
pathologically confirmed LC, benign pulmonary disease
(BLD) and pulmonary nodules (PNs) as well as healthy con-
trols, in our hospital from January 2017 to May 2019.

Informed written consent was obtained from each partici-
pant. LC or MPN was defined based on CT scans and verified
by histopathology according to the World Health Organiza-
tion Classification of Tumors [24]. The diagnosis of BLD
was established by clinical data and CT scans. Pulmonary
nodules were diagnosed by CT scans, and follow-up was per-
formed strictly according to the Clinical Practice Consensus
Guidelines [25]. The patients’ blood samples were collected
at initial diagnosis. None of the LC patients had received pre-
operative chemotherapy or radiotherapy. The healthy con-
trols were recruited during health examinations, and none
showed evidence of malignancy. A PN is diagnosed clinically
as a benign etiology if it accords with one of the following: (1)
definitive pathologic diagnosis, (2) radiographic resolution,
or (3) no evidence of growth according to CT scan for 1 year
[26]. Supernatants were obtained from blood samples
through centrifugation at 3,000 g for 15 minutes at 4°C and
were immediately subpackaged and then stored at -80°C until
analyzed.

2.2. Quantitation of AABs or TAAs in Serum Samples. The
serum concentrations of the 7-AAB panel (p53, GAGE7,
PGP9.5, CAGE, MAGEA1, SOX2, and GBU4-5) were
quantitated by an enzyme-linked immunosorbent assay
(ELISA), and a commercial AABs assay (Cancer Probe
Biological Technology Co., Ltd, Hangzhou, China) was
conducted according to the manufacturer’s recommenda-
tions and measured as previously described [13, 23].
Briefly, the samples and kit components were equilibrated
to room temperature and diluted with phosphate-buffered
saline (PBS) [1 : 109]. Then, 50μL of diluted serum sam-
ples and standards was added to appropriate wells and
incubated for 1 h. After washing the plate 3 times, 50μL
of diluted secondary antibody anti-human IgG HRP was
added to each well to bind the autoantibodies. The plate
was washed 3 times and incubated for half an hour. The
substrate was added, and the color development reaction
was terminated after 15min with 50μL of stop solution.
The OD at 450nm was read using a spectrophotometer
within 30min. Each sample was tested in duplicate. We
applied preset commercial cutoff values that had the max-
imum sensitivity with a fixed specificity of 90% using a
Monte Carlo direct search method [27].

The serum concentrations of traditional TAA markers
(CYFR21, CEA, NSE, and SCC) were quantitated by an elec-
trochemiluminescent immunoassay. All assays were per-
formed according to instrument and reagent specifications,
and cutoff values were set according to the manufacturers’
recommendations. The laboratory technicians were blinded
to the patient’s identity, and the results were analyzed blindly
by another investigator.

2.3. Mayo Model for Predicting Malignancy. The probability
of malignancy of the PNs was calculated using the Mayo pre-
dictive model, which is defined by the following equations:
probability ðPÞ = ex/ð1 + exÞ, x = −6:8272 + ð0:0391 × ageÞ +
ð0:7917 × smoking historyÞ + ð1:3388 × cancer historyÞ + ð
0:1274 × diameterÞ + ð1:0407 × spiculationÞ + ð0:7838 ×
upper lobeÞ, where e is the base of the natural logarithm, and
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Table 1: Clinical characteristics of the LC patients and controls.

Parameters LC (n = 193) BLD (n = 118) HC (n = 135) P value

Age (year)

Range 28-82 35-87 28-87

Mean (SD) 58.8 (9.9) 57.9 (10.6) 52.3 (11.2) 0.364

Gender

Male 141 (73.1) 84 (71.2) 97 (71.9) 0.933

Female 52 (26.9) 34 (28.8) 38 (281)

Smoking, n (%)

Ever/current 128 (66.3) 72 (61.0) 73 (54.1) 0.081

Never 65 (33.7) 46 (39.0) 62 (45.9)

7-AABs, n (%)

Positive 122 (63.2) 20 (16.9)♀ 14 (10.4) <0.0001
Negative 71 (36.8) 98 (83.1)♀ 121 (89.6)

Cancer stage, n (%) Diseases (n)

I 32 (16.6) Bronchitis (26)

II 45 (23.3) CAP (55)

III 47 (24.4) COPD (8)

IV 69 (35.7) Bronchiectasis (12)

Cancer subtype, n (%) Pulmonary tuberculosis (6)

Adenocarcinoma 112 (58.0) Parapneumonic effusion (4)

Squamous cell carcinoma 39 (20.3) OSAS (4)

Large cell lung carcinoma 2 (1.0) CVA (3)

SCLC 40 (20.7)

HC = health controls; LC = lung cancer; BLD = benign lung diseases; SD = standard deviation; SCLC = small cell lung cancer; COPD= chronic obstructive
pulmonary disease; CAP = community-acquired pneumonia; CVA = cough-variant asthma; OSAHS = obstructive sleep apnea syndrome. Compared to HC,
♀>0.05.

Table 2: Baseline characteristics and performances of the patients with PN.

Parameters Advanced stage MPN (n = 116) Early-stage MPN (n = 77) BPN (n = 162) P value

Age, median (range) 61.4 (40.0-82.0)∗ 54.2♀ (28.0-77.0) 51.1 (29.0-75.0) <0.01
Sex, n (%)

Male 94 (81.0)∗∗∗ 47 (61.0)♀ 86 (53.1) <0.0001
Female 22 (19.0) 30 (39.0) 76 (46.9)

Smoking, n (%)

Ever/current 86 (74.1)∗∗∗ 42 (54.5)∗∗∗ 49 (30.2) <0.0001
Never 30 (25.9) 35 (45.5) 113 (69.8)

Nodule size, n (%)

≤8mm 10 (8.6)∗∗∗ 31(40.3)∗∗∗ 134 (83.8) <0.0001
9mm-30mm 28 (24.2)∗ 45 (58.4)∗∗∗ 20 (12.3) <0.0001
>30mm 78 (67.2)∗∗∗ 1 (1.3)♀ 8 (4.9) <0.0001

7-AABs, n (%)

Positive 70 (60.3)∗∗∗ 52 (67.5)∗∗∗ 42 (25.9) <0.0001
Negative 46 (39.7) 25 (32.5) 120 (74.1)

Mayo model, n (%)

<5% 4 (3.4)∗∗∗ 28 (36.4)∗∗∗ 100 (61.7) <0.0001
5–65% 32 (27.6)♀ 42 (54.5)∗∗ 56 (34.6) 0.001

>65% 80 (69.0)∗∗∗ 7 (9.1)♀ 6 (3.7) <0.0001
PN = pulmonary nodule; MPN =malignant pulmonary nodule; BPN = benign pulmonary nodule. Compared to BPN, ∗<0.05, ∗∗<0.001, ∗∗∗<0.0001, and
♀>0.05.
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the smoking history, cancer history, spiculation, and upper
lobe variables can be either 1 for yes or 0 for no. Diameter
indicates the largest nodule measurement (in mm) reported
on initial chest radiograph or CT scan [28]. According to
the American College of Chest Physicians (ACCP) guide-
lines, when the P is <5%, watchful waiting is preferred. When
the P is 5% to 65%, needle biopsy is preferred. When the P is
>65%, surgery is preferred [29].

2.4. Statistical Analysis. The data were described as the
means ± standard deviations (SDs) for continuous variables
and frequency and percentage for categorical variables. The
differences of the seven AABs in the serum levels among
the groups were compared using nonparametric tests
(Mann–Whitney U-test). Sensitivity and specificity were cal-
culated according to the cutoff value. To confirm the sensitiv-
ity and specificity results, receiver operating characteristic
(ROC) curves were constructed, and the area under the
ROC curve (AUC) was calculated. Chi-square tests (χ2) were
used to evaluate the difference between 2 groups. A 2-sided P
value < 0.05 indicated statistical significance. All statistical
analyses were carried out using the SPSS 22.0 (SPSS Inc., Chi-
cago, IL, USA), and GraphPad Prism 5.0 software (GraphPad
Software Inc., San Diego, CA, USA) was used for image
editing.

3. Results

3.1. Patients’ Characteristics. A total of 806 participants
(193 + 135 + 118 + 360) were included in the study. A total
of 193 LC patients with different disease stages (153 with
non-small-cell lung cancer (NSCLC) and 40 with SCLC),
118 patients with benign lung diseases, and 135 healthy con-
trols were included. There were more LC patients in the
advanced-stage (III-IV) (60.1%) than in the early stage (I-
II) (39.9%). The etiologic diagnoses of the BLD group
included bronchitis, community-acquired pneumonia
(CAP), chronic obstructive pulmonary disease (COPD),
obstructive sleep apnea syndrome (OSAS), cough-variant
asthma (CVA), bronchiectasis, parapneumonic effusion,
and pulmonary tuberculosis. The clinical characteristics of
the study population are summarized in Table 1.

After screening with LDCT in the high-risk population
with a history of heavy tobacco usage, 360 PN patients
(including 162 patients with BPN and 198 with undeter-
mined nodules) were included to test the utility of the 7-
AAB panel and the Mayo model in the differential diagnosis
of PNs. The major clinical characteristics of this population
are summarized in Table 2.

3.2. The Reactivity Performance of the 7 AABs in Lung Cancer
Patients and Healthy Controls. To determine the reactivity of
the panel of 7 AABs, we measured the concentrations of the 7
AABs in 193 LC patients and 135 healthy controls. The
results showed that the serum AAB concentrations of p53,
PGP9.5, SOX2, GBU4-5, MAGEA1, and CAGE in the LC
patients were markedly higher than those in the healthy con-
trols (P = 0:042, P < 0:001, P = 0:046, P < 0:001, P < 0:001,
and P < 0:001, respectively), but the expression level of

GAGE7 in the LC group was similar to that of the healthy
group (P = 0:844) (Figures 1(a)–1(g)). Although most of the
AABs except PGP9.5 demonstrated good discriminative abil-
ity between lung cancer and healthy controls, the AUCs of
the single AAB showed poor diagnostic efficacy (allP < 0:7).
However, the combined AUC for all 7 AABs improved to
0.727, which indicated good diagnostic efficacy
(Figures 1(h) and 1(i)).

3.3. The Diagnostic Value of the 7-AAB Panel for Lung
Cancer. Using the commercial assay cutoffs, positivity is
defined as having an elevated AAB assay signal to any one
of the antigens in the 7-AAB panel. The predictive power of
this 7-AAB panel for the diagnosis of whole-stage lung can-
cer revealed a sensitivity of 63.2% (122/193), with a specificity
of 89.6% (121/135) in the healthy controls and 83.1%
(98/118) in the BLD group (Table 1, Figures 2(a) and 2(b)).

We also conducted subgroup analyses to investigate the
diagnostic value of the 7-AAB panel in patients with different
disease stages and histological types. The sensitivities were
67.5% (52/77) in stages I-II of the disease, 60.3% (70/116)
in stages III-IV of the disease, 55.0% (22/40) in SCLS,
63.4% (71/112) in adenocarcinoma, and 58.9% (23/39) in
squamous cell carcinoma (Figure 2(a)).

Moreover, we simultaneously measured the serum 7-
AAB panel and the combination of traditional tumor
markers (CYFR21, CEA, NSE, and SCC) in the same patient.
The results showed the sensitivity values of the 7-AAB panel
in the early-stage LC patients were higher than those of the
traditional tumor markers (67.5% vs. 37.5%, P < 0:01) but
were lower those in the late-stage LC patients (60.3% vs.
94.0%, P < 0:001) (Figure 2(c)).

3.4. The Performance of the 7-AAB Panel in Combination
with the Mayo Model in Distinguishing Benign from Early-
Stage MPN. The 7-AAB test and the Mayo prediction model
were assessed for the presence of PNs. After excluding 198
participants with undetermined nodules, 355 PN patients
were included in the analysis. Among them, 116 patients
were pathologically diagnosed with advanced stage (III-IV)
MPNs, 77 with early-stage (I-II) MPNs, and 162 with benign
pulmonary nodules (BPNs).

First, we evaluated the diagnostic value of the 7-AAB
panel and the Mayo model to distinguish early-stage (I-II)
MPN patients from the BPN controls. The rates of nodule
sizes < 8mm and Mayo malignancy probability < 5% in the
patients with BPN were greater than those of the early-
stage MPN patients (P < 0:0001), but the rates of nodule
sizes > 8mm and Mayo malignancy probability > 5% were
greater in the MPN patients than in the BPN controls. The
positive rates of early-stage malignant nodules were higher
than those of benign nodules for both the 7-AAB panel
(67.5% vs. 25.9%; P < 0:0001) and the Mayo model with
probabilities between 5 and 65% (54.5% vs. 34.6%; P <
0:001) (Table 2). The AUCs (95% CI) for the 7-AAB panel,
the Mayo model, and the 7-AAB panel+the Mayo model
between the two groups were as follows: 0.742 (0.674-
0.801), 0.670 (0.605-0.730), and 0.795 (0.738-0.845), respec-
tively; the 7-AAB panel+the Mayo model showed improved
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Figure 1: Continued.
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diagnostic accuracy (Figures 3(a)–3(c)). When the cutoff
value of malignancy probability was set at >5%, the detection
rate was 63.6%. The 7-AAB panel in combination with the
Mayo model significantly improved the sensitivity when
compared with the AAB panel alone (93.5% vs. 67.5%; P <
0:0001) or with the Mayo model alone (93.5% vs. 63.6%; P
< 0:0001) (Figure 3(d)); however, this combination could
not improve the positive predictive values (PPVs) and the
specificity when compared with either the panel alone or
the model alone (Figures 3(e) and 3(f)).

3.5. The Performance of the 7-AAB Panel in combination with
the Mayo Model in Distinguishing Benign from Advanced-
Stage MPN. Next, we also evaluated the performance of the
7-AAB panel and the Mayo model in distinguishing
advanced-stage (III-IV) MPN patients from the BPN con-
trols. The 7-AAB panels of 116 advanced-stageMPN patients
were measured, and their malignancy probabilities were cal-
culated by the Mayo model. Advanced-stage MPN showed
more patients with a nodule size > 8mm and a malignancy
probability > 65% compared to BPN. The AUCs (95% CI)
for each model were as follows (Figures 4(a)–4(c)): the 7-
AAB panel, 0.602 (0.536-0.665); the Mayo model, 0.933
(0.889-0.964); and the 7-AAB panel+the Mayo model,
0.950 (0.909-0.976). The diagnostic efficacy of the 7-AAB
panel in combination with the Mayo model was better than
that of the 7-AAB panel alone or the Mayo model alone.
When the cutoff value of malignancy probability was set at
65%, the detection rate for advanced-stage MPN was 69.0%.
The 7-AAB panel in combination with the Mayo model also
significantly improved the sensitivity when compared with
the 7-AAB panel alone (91.4% vs. 60.3%; P < 0:0001) or with
the Mayo model alone (91.4% vs. 69.0%; P < 0:0001)
(Figure 4(d)). However, this combination decreased the
PPV and the specificity when compared with the Mayo
model alone (69.0% vs. 93.0%, P < 0:0001; 72.8% vs. 96.3%,
P < 0:0001, respectively) (Figures 4(e) and 4(f)).

4. Discussion

Identifying MPN is crucial in the early detection of LC. In
this study, we incorporated a 7-AAB panel with the Mayo
prediction model in the differential diagnosis of pulmonary
nodules and early detection of lung cancer. Our results con-
firmed the clinical value of this 7-AAB panel in aiding the
diagnosis of early-stage lung cancer, as the detection rate
was superior to that of traditional tumor biomarkers. We also
validated that the 7-AAB panel in combination with the
Mayo model significantly increased the sensitivity, but the
PPV and specificity could not be improved in comparison
with the 7-AAB panel alone or the Mayo model alone in
the differential diagnosis of MPN from BPN, whether MPN
was at an early or advanced stage. Based on these findings,
we suggest that the 7-AAB panel can be used as a biomarker
for the early detection of lung cancer and that it can be incor-
porated with the Mayo model to determine the probability of
malignancy of pulmonary nodules.

Novel biomarkers have been discovered and developed
for use in early-stage LC screening, such as autoantibody
panels, circulating microRNAs—especially small noncoding
RNAs (ncRNAs), circulating tumor DNA, DNA methyla-
tion, complement fragments, blood protein profiles, or
plasma lipid markers from lipidomics [30, 31, 32]. Among
these, the autoantibody panel EarlyCDT-Lung has been
reported and validated as an aid for the early detection of
lung cancer [18, 19]. Many studies have investigated the diag-
nostic value of joint detection with AABs. Our review previ-
ously meta-analyzed four studies that measured the
EarlyCDT-Lung Test 7-AAB panel (p53, CAGE, NYESO-1,
GBU4-5, SOX2, MAGE A4, and Hu-D), showing a sensitivity
of 47% (95% CI 0.34–0.60) with a high specificity of 90%
(95% CI 0.87–0.93) in the early detection of lung cancer
[19, 21, 33, 34, 35]. In the present study, we investigated a dif-
ferent 7-AAB panel (p53, GAGE7, PGP9.5, CAGE,
MAGEA1, SOX2, and GBU4-5), which identified 67.5% of
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Figure 1: Concentration and the area under the curve (AUC) of each autoantibody between lung cancer (LC) cases and health controls (HC).
(a) p53; (b) PGP9.5; (c) SOX2; (d) GAGE7; (e) GBU4-5; (f) MAGEA1; (g) CAGE; (h) AUCs for each autoantibody; (i) combined AUC for the
7-AAB panel.
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early-stage LC with a specificity of 89.6%. Although these 7-
AAB panels possess high specificity as serum diagnostic
markers in the diagnosis of early-stage lung cancer, the low
sensitivity limits the application of the AAB panels in clinical
practice. Thus, there is an urgent need to find approaches
that can improve the sensitivity of the detection efficacy of
early-stage LC. As noted previously, one recent study [13]
evaluated the combination of a 7-AAB panel and low-dose
computed tomography (CT) scanning and significantly
improved the diagnostic yield in early-stage MPN patients,
with the PPV significantly improving to 95.0% when com-
pared with the AAB panel alone (95.0% vs. 85.2%; P <
0:001) or with CT scanning alone (95.0% vs. 69.0%; P <
0:001). Another study also found that this 7-AAB panel

could distinguish malignant lesions from benign lesions
and control cases, with a sensitivity of 56.53% and a specific-
ity of 91.60%, but the specificity could be further increased to
95.80% when combined with CT [22]. To overcome the
drawbacks of CT’s high false-positive rate and radiologist
subjectivity, in the present study, we combined a 7-AAB
panel with the Mayo prediction model in the differential
diagnosis of pulmonary nodules. The 7-AAB panel showed
a sensitivity of 67.5% in the detection of early-stage MPN.
However, the 7-AAB panel combined with the Mayo model
had a significantly improved detection efficacy when com-
pared with the AAB panel alone or the Mayo model alone,
with sensitivities of 93.5% and 91.4% in distinguishing early-
and advanced-stage malignant nodules, respectively, from

0

20.0

40.0

60.0

67.5

60.3
63.2 63.4

55.0
58.9

Se
ns

iti
vi

ty
 (%

)

St
ag

e I
-I

I

St
ag

e I
II

-I
V

W
ho

le
-s

ta
ge

Ad
en

oc
ar

ci
no

m
a

SC
C

SC
LC

(a)

0
HC BLD

20.0

40.0

60.0

Sp
ec

ifi
ci

ty
 (%

)

80.0

89.6
83.5

100.0

(b)

0.00
Early stage Advanced stage

20.00

40.00

60.00

Se
ns

iti
vi

ty
 (%

)

80.00

100.00

7-AABs

P < 0.01

P < 0.001

Traditional TM

67.5

37.5

60.3

94.0

(c)

Figure 2: Diagnostic performance of the 7-AAB panel in lung cancer (LC) patients. SCC: squamous cell carcinoma; SCLC: small-cell lung
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Figure 3: Diagnostic performance of the 7-AAB panel and the Mayo model between benign pulmonary nodules (BPN) and malignant
pulmonary nodules (MPN) with early-stage. (a) The AUC of the 7-AAB panel; (b) the AUC of the Mayo model; (c) the AUC of the 7-
AAB panel combination with the Mayo model; (d) sensitivity in MPN patients with early stage; (e) positive predictive values (PPVs) in
MPN patients with early stage; (f) specificity in BPN patients.
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Figure 4: Diagnostic performance of the 7-AAB panel and the Mayo model between benign pulmonary nodules (BPN) and malignant
pulmonary nodules (MPN) with advanced stage. (a) The AUC of the 7-AAB panel; (b) the AUC of the Mayo model; (c) the AUC of the
7-AAB panel combination with the Mayo model; (d) sensitivity in MPN patients with advanced stage; (e) positive predictive values
(PPVs) in MPN patients with advanced stage; (f) specificity in BPN patients.
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benign nodules, but the PPV and specificity did not improve
correspondingly. The results were not consistent with two
previous studies that combined this 7-AAB panel with CT
scans. [13, 22] We hypothesize that this could be related to
the high false-positive rate of and subjective diagnosis from
CT. For improving sensitivity, we view the 7-AAB panel
and the Mayo model as complementary rather than compet-
itive, and the combination of the two methods may be bene-
ficial in distinguishing benign from malignant lesions,
particularly early-stage MPN, which is potentially curable
when detected early.

Recently, several prediction models including clinical
and radiological values have been developed that can help
physicians distinguish between benign and malignant nod-
ules [9]. A study found that the Mayo, Veterans Associa-
tion (VA), and Brock models showed similar predictive
performance for malignant nodules (AUC: 0.6145,
0.6042, and 0.6820, respectively) and outperform the
Herder model (AUC: 0.5567), which includes the
[18]FDG uptake value [36]. Another study evaluated three
prediction models, the Mayo, VA, and Peking University
(PU) models. The area under the ROC curve of the PU
model [0.800; 95% confidence interval (CI): 0.708-0.891]
was higher than that of the Mayo model (0.753; 95% CI:
0.650-0.857) and of the VA model (0.728; 95% CI:
0.6230-833); however, these findings were not statistically
significant. This means that these mathematical prediction
models have similar accuracy for the prediction of SPN
malignancy [11]. Therefore, we selected the most exten-
sively validated Mayo model to aid in distinguishing
between benign and malignant nodules. Moreover, our
study applied the Mayo model to separately investigate
early- or advanced-stage MPN patients, and the results
showed that the model’s AUC was 0.670 (95% CI: 0.605-
0.730) for early-stage MPN and 0.933 (95% CI: 0.889-
0.964) for advanced-stage MPN, which is in line with the
recently reported literature [11, 36]. It seems that the
Mayo model has greater accuracy for predicting malignant
PNs at the advanced stage than at the early stage. We
assume that this may be related to the larger nodule size
and higher malignancy probability (>65%) in late-stage
MPN. However, when the Mayo model was combined
with the 7-AAB panel, the AUCs were significantly
improved for both early-stage and advanced-stage MPN
(0.795 and 0.950, respectively).

Because traditional TAA markers, such as cytokeratin 19
fragment antigen (CYFRA21-1), neuron-specific enolase
(NSE), carcinoembryonic antigen (CEA), and squamous cell
carcinoma antigen (SCC), remain widely used as reference
diagnostics for lung cancer [37], we compared the 7-AAB
panel with the combination of these traditional TAAs in
the diagnosis of LC. We found that the 7-AAB panel was
good in the early stages of lung cancer, while the traditional
tumor markers showed a higher sensitivity with late-stage
LC. This suggests that the 7-AAB panel is not suited for use
as a biomarker for late-stage LC patients, whereas the tradi-
tional antigen biomarkers such as CEA, NSE, SCC, and
CYFRA 21-1 should not be used to diagnose early-stage LC
patients.

Identifying malignant pulmonary nodules and achieving
the early detection of lung cancer significantly improve the
survival rate and decreases mortality associated with this dis-
ease. Currently, the EarlyCDT-Lung test is being evaluated in
a large-scale screening study in individuals at high risk of
lung cancer worldwide. In addition to validating the clinical
efficacy of the 7-AAB panel for the early detection of lung
cancer, we also found that the combination of the 7-AAB
panel with the Mayo model could significantly improve the
sensitivity for distinguishing benign from malignant lesions
at both early and late stages. As the ELISA of AABs is rela-
tively low cost, noninvasive, and easy-to-perform, and the
Mayo model is defined by equations, a combination based
on the 7-AAB panel illustrated here and the Mayo model
holds promise for the early detection of MPN, and it can be
applied in some undeveloped areas or hospitals without
high-resolution CT scans. Early detection of malignancy
and timely resection are important while the nodule is still
relatively small, as this could lead to decreased mortality.

Inevitably, there are some limitations in our research.
First, the number of stage I-II MPN cases may not be suffi-
cient. The BPN group was not matched well with the MPN
groups for age, gender, or smoking status. Additionally, the
study included no other cancer control group aside from lung
cancer that could have had some or all AABs in common
with those of the panel. Additionally, although the Mayo
model was designed for pulmonary nodules, we did not
investigate the AAB panel and the Mayo model with different
sizes of PNs or subtypes of MPN to further evaluate their
validity. Furthermore, we only analyzed the diagnostic effi-
cacy of the AAB panel and theMayo model in a Chinese pop-
ulation, and a future work is ongoing to validate the
sensitivity and specificity of the combination in other
ethnicities.

In conclusion, our study confirmed the clinical value of
the 7-AAB panel for the early detection of lung cancer, which
achieved a sensitivity of 67.5% and a specificity of 89.6%. This
7-AAB panel proved to be better than traditional tumor
markers, such as CEA, NSE, SCC, and CYFRA 21-1, in aiding
with early diagnosis. The combination of the 7-AAB panel
with the Mayo model can improve the sensitivity for distin-
guishing benign PNs frommalignant nodules, but the combi-
nation could not improve the PPV or the specificity. Taken
together, this study illustrates the robust potential of the 7-
AAB panel for the early diagnosis of lung cancer and in com-
bination with the Mayo model could be used to distinguish
the probability of malignancy of pulmonary nodules in clin-
ical practice.
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Heart failure (HF) is a global medical problem that characterizes poor prognosis and high economic burden for the health system
and family of the HF patients. Although modern treatment approaches have significantly decreased a risk of the occurrence of HF
among patients having predominant coronary artery disease, hypertension, and myocarditis, the mortality of known HF continues
to be unacceptably high. One of the most important symptoms of HF that negatively influences tolerance to physical exercise, well-
being, social adaptation, and quality of life is deep fatigue due to HF-related myopathy. Myopathy in HF is associated with weakness
of the skeletal muscles, loss of myofibers, and the development of fibrosis due to microvascular inflammation, metabolic disorders,
and mitochondrial dysfunction. The pivotal role in the regulation of myocardial and skeletal muscle rejuvenation, attenuation of
muscle metabolic homeostasis, and protection against ischemia injury and apoptosis belongs to myokines. Myokines are defined
as a wide spectrum of active molecules that are directly synthesized and released by both cardiac and skeletal muscle myocytes
and regulate energy homeostasis in autocrine/paracrine manner. In addition, myokines have a large spectrum of pleiotropic
capabilities that are involved in the pathogenesis of HF including cardiac remodeling, muscle atrophy, and cardiac cachexia. The
aim of the narrative review is to summarize the knowledge with respect to the role of myokines in adverse cardiac remodeling,
myopathy, and clinical outcomes among HF patients. Some myokines, such as myostatin, irisin, brain-derived neurotrophic
factor, interleukin-15, fibroblast growth factor-21, and growth differential factor-11, being engaged in the regulation of the
pathogenesis of HF-related myopathy, can be detected in peripheral blood, and the evaluation of their circulating levels can
provide new insights to the course of HF and stratify patients at higher risk of poor outcomes prior to sarcopenic stage.

1. Introduction

Heart failure (HF) remains a global public health problem
with rapidly increasing prevalence that affects 37 million
individuals and more worldwide [1]. Despite the significant
achievements in the management of cardiovascular (CV) risk
factors and novel therapies of HF with reduced ejection frac-
tion (HFrEF) and stabilized incidence of new cases of pre-
dominant HF with preserved ejection fraction (HFpEF) in
many countries, morbidity and mortality in patients with
both phenotypes of HF continue to be unacceptably high
[2, 3]. Being associated with a high risk of hospitalization,

HF yields a substantial economic burden for health system
and patients’ families [4, 5].

Current data for the prognosis of the patients having
HFrEF and HFpEF show that the proportion of CV deaths
is higher in HFrEF than HFpEF, but the number of non-
CV death is higher in HFpEF when compared to HFrEF
[6]. These findings are a result of an influence of age, CV risk
factors, and several comorbid conditions, such as diabetes
mellitus, abdominal obesity, hypertension, chronic kidney
disease, and coronary artery disease [7]. Although comorbid-
ity is common in both phenotypes of HF, but it is slightly
more severe and occurs more frequently in HFpEF than in
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HFrEF [8, 9]. There is the assumption that the comorbidities,
such as overweight, abdominal obesity, and diabetes mellitus,
may alter myocardial structure and impair cardiomyocyte
function through several intramyocardial signaling pathways
(hypophosphorylation of titin and irisin, cyclic guanosine
monophosphate/protein kinase G activity, activation of Janus
1/2 kinases and nuclear factor Kappa B, and suppression of
phosphatidylinositol 3-kinase (PI3) kinase/mitogen-acti-
vated protein (MAP) kinase/mTOR), which are result of sys-
temic inflammation and thereby cause coronary
microvascular endothelial inflammation and oxidative stress
[10]. Consequently, substantial reduction of nitric oxide bio-
availability and low activity of protein kinase G favors the
development of cardiac hypertrophy and increases stiffness
of the myocardium due to accumulation of extracellular
matrix [11]. Finally, both cardiac hypertrophy and interstitial
fibrosis contribute to diastolic abnormalities and the devel-
opment of HFpEF [12]. In contrast, HFrEF is directly related
to sufficient loss of the cardiac myocytes due to necrosis
resulting of ischemia, inflammation, and apoptosis that are
associated with adverse cardiac remodeling, systemic neuro-
hormonal activation, peripheral vascular effects, skeletal
muscle dysfunction, and metabolic abnormalities [13, 14].
However, the impaired physical activity due to muscle weak-
ness, skeletal myopathy, muscle atrophy, and finally cachexia
is the attributive factor for HF progression and it is closely
associated with increased CV mortality, HF hospitalization,
and decrease in the quality of life [15].

The underlying pathophysiological mechanisms of
impaired physical activity in HF are abnormal energy metab-
olism of skeletal muscles, adiposity-related proinflammatory
cytokine production, skeletal muscle mitochondrial dysfunc-
tion, the transition of myofibers from type I to type II in skel-
etal muscle, reduction in muscular strength, myocyte
apoptosis, and loss of the number of myocytes with shaping
of muscle atrophy [16]. Myokines are defined as cytokines
that are produced by skeletal muscle myocytes and cardiac
myocytes and regulate the crosstalk between skeletal muscle,
adipose, and bone tissue [17]. Normally, myokines ensure the
molecular adaptations of skeletal muscles to physical exercise
and hemodynamic supply acting as regulator of exercise
intolerance. The altered myokines’ profile is also responsible
for metabolic or hormonal derangements in skeletal muscles
in HF patients even at early stage of the disease and probably
could be a target for the therapy of the disease [18]. The aim
of the narrative review is to summarize the knowledge with
respect to the role of myokines in adverse cardiac remodel-
ing, myopathy, and clinical outcomes among HF patients.

2. Methodology

The bibliographic database of life science and biomedical
information MEDLINE, EMBASE, Medline (PubMed), the
Web of Science, and the Cochrane Central were searched
for English publications satisfying the key words of this
study. We used the following key words [heart failure], [car-
diac dysfunction], [adverse cardiac remodeling], [cardiac
remodeling], [myokines], [myopathy], [cardiac cachexia],
[cardiovascular risk], [cardiovascular risk factors], [cardiac

biomarkers], [circulating biomarkers], [prognosis], and
[clinical outcomes]. All authors independently evaluated
each other the quality of the articles, correspondence to the
main idea of the study, and constructed the final list of the
references. Consequently, strengths and weaknesses of each
paper that was selected, as well as unblinded list of the refer-
ences, were deeply considered by all authors. Final version of
references, data for evaluation, and completed proof of the
narrative review were approved by all authors.

3. Skeletal Muscle Myopathy and HF: The
Conventional View

Skeletal muscle myopathy with or without weight loss
appears to have a more pronounced significance when com-
pared with weight loss alone with regard to functional capac-
ity, decreased endurance, and quality of life among HF
patients [19]. To note, fatigue and muscle weakness can be
occurred prior to established diagnosis of skeletal muscle
myopathy and even sarcopenic stage of HF, and the altered
profile of myokines is deeply discussed as one of the earliest
pathophysiological changes of energy metabolism that
undoubtedly play a pivotal role in adaptation of skeletal mus-
cles to impair diastolic and pump functions and conse-
quently reduce skeletal muscle perfusion.

The pathogenesis of the skeletal muscle myopathy in HF
is reported Figure 1. In fact, HF-related skeletal myopathy is
characterized by decreased muscle strength, atrophy of fiber I
and IIa subtypes, ongoing microvascular inflammation, oxi-
dative stress and damage under metabolic homeostasis, and
impaired reparation after muscle injury [20]. Indeed, low
perfusion of the skeletal muscles in HF leads to muscle injury
that includes ischemia-induced metabolomics (shifted meta-
bolic substrate utilization, altered mRNA expression of
insulin-like growth factor (IGF) 1, type 1 receptor (IGF-
1R), binding protein 3, lactate accumulation, and acidosis)
and mitochondrial (impaired mitochondrial electron trans-
port chain activity, increased formation of reactive oxygen
species, and impaired ion homeostasis) abnormalities, which
increased expression of the proinflammatory cytokine genes,
as well as necrosis and apoptosis of myocytes [21]. Finally,
that is associated with myosin heavy chain subtypes switch-
off, decreased capillary/fiber ratio, the number of type I
fibers, the development of fibrosis, and the loss of the skeletal
muscle mass [22]. In addition, systemic inflammation and
neurohumoral activation (increased activity of the renin-
angiotensin-aldosterone system, sympathetic system, and
endothelin-1) lead to decreased bioavailability of nitric oxide
and other regulators of vasodilation and angiopoiesis, such as
bradykinins and vascular endothelial growth factor, and
aggravate endothelial dysfunction, muscle perfusion, and
muscle metabolism [17, 23]. Moreover, coexisting adipocyte
dysfunction supports systemic inflammation through over-
production of inflammatory cytokines (interleukin- (IL-) 6,
tumor necrosis factor- (TNF-) alpha) and induces catabolic
state and impairs viability and differential capability of vari-
ous progenitor cells including endothelial and muscle cell
precursors [24]. Yet, impaired baroreceptor sensitivity, vagal
withdrawal, and uncoupling of the subunits of beta-
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adrenoreceptors maintain vasoconstriction and hypoperfu-
sion of the skeletal muscles tailoring the vicious circle in the
pathogenesis of the HF-related myopathy.

Because physical endurance, several anthropomorphic
features, body mass, and CV risk factors including abdominal
obesity and diabetes occurred in male and female in different
ways, there is a suggestion that myokine profiles can distin-
guish in both sexes [25]. Perhaps, expression pattern and sig-
nature of circulating myokines would partially explain the
complicated crosstalk between skeletal muscle and other tis-
sues, such as WAT, in different genders and muscle pheno-
types [26]. Indeed, metabolic signature in Duchenne
muscular dystrophy is related to gender and depended on
expression of genes, which were widely involved in the path-
ogenesis of the disease, i.e., matrix metalloproteinase-
(MMP-) 9, brain-derived neurotrophic factor (BDNF), adi-
ponectin, persephin, osteomodulin, protooncogene
tyrosine-protein kinase receptor Ret, complement decay-
accelerating factor, growth differentiation factor 11 (GDF-
11), gelsolin, and tumor necrosis factor receptor superfamily
member 19L [27, 28]. Although primary causes are signifi-
cantly different for HF-induced myopathy and Duchenne
muscular dystrophy, myokines are engaged in the pathogen-
esis of cardiac abnormalities for both diseases [28].

4. Myokines in HF Myopathy

The skeletal muscles enable to release a wide range of the bio-
logical active molecules with variable potencies called myo-
kines; the profile of which was found to be altered in HF
patients [29]. Although HF-related myopathy has been con-
sidered as secondary muscle injury that was associated with
low capillary perfusion [30], myokines ensure adaptive met-
abolic autoregulation of structure and function of skeletal
muscles at the early stage of the disease and consequently
altered profile of the myokines corresponded to progression
of HF and occurrence of sarcopenia and cachexia [31]. More-
over, the periods of acute HF exacerbation and hospitaliza-
tion are associated with substantial low physical activity.
Consequently, impaired synthesis and releasing of myokines
lead to the protein metabolic derangements in both the skel-
etal muscles and myocardium aggravating muscle weakness,
physical intolerance, and cardiac dysfunction. In addition,
several comorbidities, such as abdominal obesity and diabe-
tes mellitus, coexisting with HF can also alter the profile of
myokines including irisin, myostatin, brain-derived neuro-
trophic factor (BDNF), and growth differential factor-11
(GDF-11) and lead to muscle weakness [32–34]. Interest-
ingly, there was no strong correlation of HF-induced
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Figure 1: The pathogenesis of the skeletal muscle myopathy in HF. RAAS: renin-angiotensin-aldosterone system; NO: nitric oxide; NP:
natriuretic peptides; IL: interleukin; GDF: growth differential factor; TNF: tumor necrosis factor; HFrEF: heart failure with reduced
ejection fraction; DHEA: dehydroepiandrosterone; HFpEF: heart failure with preserved ejection fraction.
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myopathy with left ventricular (LV) ejection fraction (EF) in
HFpEF/HFrEF patients, whereas global longitudinal strain
was positively associated with the occurrence of the myopa-
thy due to HF regardless of LVEF [35]. Probably, in situ car-
diac dysfunction is not the only factor contributed to advance
of HF-induced myopathy and circulating regulators of
energy homeostasis can be promising indicator of HF pro-
gression. In this context, primary impairment of the skeletal
muscle homeostasis has been speculated as a crucial mecha-
nism in the occurrence and the development of the HF in
patients with metabolic diseases predominantly diabetes mel-
litus and abdominal obesity [36, 37]. In fact, there is vicious
circle that corresponds to aberrant skeletal muscle impair-
ments and pathophysiological mechanisms of HF develop-
ment (Figure 2).

There is evidence for the fact that the wide spectrum of
myokines provides controversial actions on skeletal muscle
cells and mediates pleiotropic effects. Most of myokines are
controlled by muscle contractility function, myogenesis,
muscle hypertrophy, and reparation and consequently
closely regulate exercise tolerance via intracellular signal
pathways including the Janus 1 and 2 kinases/3 and 5 signal
transducer and activator of transcription proteins/nuclear
factor kappa B, PI3 kinase, and MAP kinase pathways [38].
It is interesting that some potential proinflammatory myo-
kines, such as IL-15 and IL-6, simultaneously provide angio-
poietic effects and support proapoptotic impact on
myoblasts. It has been found interrelationship between NO-
mediated cellular signaling and production of the myokines
in skeletal muscle cells [39]. However, hyperemia in skeletal
muscle over physical exercise was strongly associated with
myokine release [40]. In addition, occurrence of cardiac
cachexia in HF is accompanied by crossover changes in the
spectrum of the myokines; for instance, there were elevated
serum concentrations of myostatin and IL-6 found, whereas
isirin, fibroblast growth factor- (FGF-) 21, and myonectin
demonstrated a significant decrease in their circulating levels.
The serum levels of decorin, BDNF, and GDF-11 were vari-
able and exhibited strong relation to age of the HF patients
rather than severity of contractility dysfunction and sarcope-
nia [41–44]. Finally, myokines influence not just skeletal
muscles but also the myocardium and adipose tissue and
ensure their autocrine metabolic regulation of energy
homeostasis, hypertrophy, reparation, and adaptation of
skeletal muscles to physical exercise.

The biological effects and HF-related actions of several
myokines are reported Table 1.

4.1. Decorin. Decorin is a proteoglycan that is produced by
skeletal muscles in a result of stretching and constitutively
suppresses the extracellular matrix (ECM) accumulation,
particularly type I fibrillar collagen, stimulates angiogenesis
and reparation, and negatively regulates inflammation, oxi-
dative stress, and apoptosis [41, 44].

Development of HF was associated with downregulation
of decorin expression in the myocardium and consequently
increases in activity of matrix metalloproteinase- (MMP-) 2
that corresponded to adverse cardiac remodeling [45]. There
is evidence regarding the fact of that decorin interfered with

cardiac myocytes and switched off their transcriptome to
suppress synthesis of MMP tissue inhibitors and substan-
tially upregulate cardiac fibrosis-associated transcripts
including collagen I and III, elastin, lumican, and periostin
[46, 47]. In addition, decorin was potentially encouraged in
adverse cardiac remodeling by directly inhibiting the trans-
forming growth factor-beta (TGF-beta) pathway and
increasing collagen mRNA transcription in the myocardium
[48]. As a result of these actions, cardiac myocytes face
increased matrix rigidity that lad to diastolic filling abnor-
mality [49]. To sum up, decorin being a natural antagonist
of TGF-beta enables to prevent cardiac fibrosis and hypertro-
phy and improve cardiac function.

4.2. Irisin. Irisin is a multifunctional hormone-like active
peptide that is produced in abundance by the myocardium
and skeletal muscle in response to ischemia, volume over-
load, inflammation, and physical exercise [50].

Irisin is synthesized as a result of proteolytic cleavage of
specific precursor (fibronectin type III domain-containing
protein-5—FNDC5) that is expressed on the surface of myo-
cytes. Having numerous autocrine skeletal muscle effects
(attenuation of energy expenditure through enhancement
of glucose uptake, improvement of oxidative metabolism,
and increase in myoblast differentiation), which are ensured
by upregulation of the expression of FNDC5, irisin enables
to cooperate with white adipose tissue (WAT) to induce its
browning by increasing the expression of mitochondrial
uncoupling protein 1 (UCP 1) and subsequently activates
nonshivering thermogenesis, supports glucose homeostasis,
and reduces endothelial function abnormality, insulin resis-
tance, and adipose tissue inflammation [51–53]. Therefore,
irisin protects the myocardium against ischemia and reperfu-
sion injury and attenuates the proliferation of the endothelial
precursors acting through the AMPK-Akt-eNOS-NO path-
way [54, 55]. There is evidence for reduction of cardiomyo-
cyte apoptosis and alleviation of myocardial hypertrophy
caused by pressure overload with irisin [56]. Irisin also plays
a pivotal role in the control of bone mass with positive effects
on cortical mineral density and bone geometry through an
interaction with αV/β5 integrin [57, 58]. In addition, irisin
is involved in the process of neurogenesis in the central and
peripheral nervous system [59, 60].

Serum levels of irisin were independently associated with
Framingham risk profile [61]. The circulating levels of irisin
were significantly higher in the normoglycemic patients with
metabolic syndrome, but not those who had prediabetes or
diabetes mellitus in comparison with healthy volunteers
[62]. There is evidence for lower levels of irisin in patients
with stable coronary artery disease (CAD) or acute coronary
syndrome/myocardial infarction [63–65]. Moreover,
decreased serum levels of irisin were noticed to be associated
with the presence, severity, and higher SYNTAX score of sta-
ble CAD [66, 67]. Interestingly, serum levels of irisin among
myocardial infarction patients having HF were reduced when
compared with healthy volunteers, but did not differ from
those who had no HF [64]. However, there were found posi-
tive associations between serum levels of irisin and LVEF
[64]. Silvestrini et al. (2019) [68] reported that circulating
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levels of irisin were significantly higher in HFpEF than in
HFrEF patients and did not correlate with homeostasis
model assessment of insulin resistance (HOMA-IR) index
in both patient cohorts. Irisin levels demonstrated positive
correlation with brain natriuretic peptide (BNP) levels and
New York Heart Association (NYHA) class of HF and
inverse correlation with body mass index (BMI) and cata-
bolic state including cachexia in HFrEF [69]. Yet, FNDC5
expression in skeletal muscles is related to aerobic perfor-
mance in patients with HFrHF [70, 71]. Thus, irisin plays a
protective role in myocardial ischemia, cardiac myocyte apo-
ptosis, and skeletal myopathy preserving energy homeostasis,
attenuating mitochondrial function, and regulating muscle
atrophy.

4.3. Myonectin.Myonectin (also known as erythroferrone) is
a myokine, which belongs to the C1q/tumor necrosis factor-
(TNF-) related protein (CTRP) family and is upregulated in
skeletal muscles by physical exercise and is determined in
peripheral blood in elevated concentrations [72]. Circulating
levels of myonectin were also strongly regulated by the met-
abolic state (feeding, obesity, diabetes mellitus, and cachexia),
and thereby, myonectin is a conductor between skeletal mus-
cle with lipid homeostasis in liver and WAT [73]. Typically,
patients with abdominal obesity, metabolic syndrome, and
type 2 diabetes mellitus demonstrate higher circulating levels
of myonectin than healthy volunteers [73]. In addition,
among patients having prediabetes and diabetes mellitus,
serum levels of myonectin correlated positively with waist/-
hip ratio, percentage of body fat, fasting blood glucose, 2-
hour blood glucose after glucose overload, fasting insulin, tri-

glyceride, hemoglobin A1c, and HOMA-IR [74]. Although
the primary biological role of myonectin is an increase of free
fatty acid uptake by skeletal muscles and contributing to lipid
and glucose metabolism in adipose tissue, it has several pleio-
tropic effects, such as suppression of inflammatory response,
protection of ischemia-reperfusion injury, and improvement
of endothelial function that are mediated through the
S1P/cAMP/Akt-dependent signaling pathway [75, 76]. The
development of HF is associated with downregulation in
myonectin expression due to inflammatory response, but
the pathogenetic role of this myokine in the disease is not
fully understood [77].

Thus, myonectin acts as an endurance exercise-induced
myokine ameliorating compensatory mechanism against
insulin resistance and attenuating acute myocardial ischemic
injury by inhibition of apoptosis and suppression of inflam-
mation in the myocardium.

4.4. Fibroblast Growth Factor 21. Fibroblast growth factor
(FGF-21) is a multifactor protein, which is produced by sev-
eral organs and engaged in the autocrine/paracrine regula-
tion of fatty acid oxidation, energy expenditure, glucose
homeostasis, and the functions of somatotropic axis and
hypothalamic-pituitary-adrenal pathway [78, 79]. This pep-
tide is highly expressed in the myocardium, pancreas,
WAT, liver, brain, and kidney, but not constitutively in the
skeletal muscles [80]. In addition, FGF-21 is induced in situ-
ations of muscle stress, particularly mitochondrial dysfunc-
tion. The beneficial effects of FGF21 include weight loss,
improvement of glycemia and lipotoxicity, browning WAT,
suppression of inflammation and oxidative stress,
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Figure 2: The role of skeletal muscle dysfunction in the pathogenesis of HF. HFpEF: HF with preserved ejection fraction; HFrEF: HF with
reduced ejection fraction.

5Disease Markers



counteracting water intake, and blood pressure elevation
[81–84]. FGF-21 induced the expression of genes, which
encode proteins involved in antioxidative pathways, such as
mitochondrial uncoupling proteins (Ucp2 and Ucp3) and
superoxide dismutase-2 (Sod2) and reduced ROS production
[85, 86]. In addition, FGF-21 prevented the development of
cardiac hypertrophy by activating MAPK signaling through

the activation of FGF-R1c with β-klotho as a coreceptor
[87, 88].

In a failing heart, FGF-21 exerts protective effects, pre-
venting the development of cardiac hypertrophy and ische-
mic injury via the Sirt1 (sirtuin-1) pathway [85, 89].
Patients with multivessel CAD and type 2 diabetes mellitus
have revealed decreased expression of FGF-21 in the

Table 1: Biological effects and HF-related actions of myokines.

Name of
myokine

Affiliation Origin of myokines Biological action HF-related actions References

Decorin Proteoglycan

Skeletal muscles,
fibroblasts, vascular

endothelial cells, cardiac
myocytes, and smooth

muscle cells

↓ Accumulation of ECM, ↑ cell
differentiation, ↑ proliferation,

and ↓ apoptosis

Downregulated in HF
↓ Cardiac hypertrophy, ↑ cardiac

fibrosis
[41–49]

Irisin

Muscle tissue-
secreted
peptide
FNDC5

Skeletal muscles,
myocardium

↑ Expenditure, ↑ oxidative
metabolism, ↑ myoblast

differentiation, ↑ glucose uptake

Downregulated in HF
↓ Tolerance to physical exercise, ↑

skeletal muscle hypotrophy
[50–71]

Myonectin CTRP15
Skeletal muscles,
adipose tissue

↑ Oxidation of free fatty acid, ↑
oxidative metabolism, ↑ myoblast
differentiation, ↑ glucose uptake

Downregulated in HF
↑ Skeletal muscle hypotrophy

[72–77]

FGF-21
FGF super
family

Cardiac myocytes,
pancreas, adipose tissue,
liver, brain, and kidney

↑ Glucose uptake and protein
synthesis in skeletal muscle, ↓

lipolysis in WAT, ↑ browning of
WAT

Downregulated in HF
↑ Skeletal muscle mass, ↓ IR, ↑

exercise tolerance
[78–94]

Myostatin
TGF-β

superfamily
Cardiac myocytes,
skeletal muscles

↑ Skeletal muscle fiber-type
switches, ↓ fast myosin heavy-

chain expression, ↓ differentiation
of myoblasts, ↑ ubiquitin-

proteasomal activity in myocytes
and ILGF-PKB pathway

Upregulated in HF
↑ Skeletal muscle hypotrophy, ↑IR,
↑ autophagy, ↑muscle weakness, ↓

exercise tolerance

[95–111,
203]

BDNF
Neurotrophin

family

Cardiac myocytes,
skeletal muscles,

smooth muscle cells,
endothelial cells,

astrocytes

↑ Myoblast proliferation, ↑
neurogenesis, ↑ angiogenesis, ↑

vascular reparation

Downregulated in HF
↑ Tolerance to physical exercise

[112–134]

IL-8

Cysteine-X-
cysteine
family of

chemokines

Mononuclears,
phagocytes, adipocytes,

epithelial cells,
endothelial cells, and
mesenchymal cells

↓ Glucose disposal, ↑ IR
Upregulated in HF

↓ Skeletal muscle energy
metabolism

[135–147]

IL-15

Pleiotropic
cytokine with
structural

similarity with
IL-2

Cardiac myocytes,
mononuclear
phagocytes

Anabolic effect, ↓ oxidative stress

Downregulated in HF
↑ Tolerance to physical exercise, ↑
skeletal muscle mass, ↓ WAT, ↓
apoptosis of cardiac myocytes and

myoblasts

[149–168]

GDF-11
TGF-β super

family

Skeletal muscle, neural
stem cells, and cardiac

myocytes

↓ Differentiation of myoblasts,
angiogenesis, and
neovascularization

Downregulated in HF
↓ Physical endurance, ↑ skeletal
muscle hypotrophy and weakness

[169–178]

Osteonectin
SPARC
protein

Cardiac myocytes,
skeletal muscles,

adipose tissue, bones,
mucosa, vasculature,

kidney, liver

Potential mediator of collagen
deposition and extracellular

matrix remodeling

Upregulated in HF
Predictor of poor HF outcomes, ↑

cardiac contractility and
reparation at early stage, ↓ cardiac
myocyte survival and vascular

integrity at late stage

[179–196]

FGF-21: fibroblast growth factor-21; TGF-β: transforming growth factor-beta; IR: insulin resistance; ILGF-PKB: insulin-like growth factor-protein kinase B;
WAT: white adipose tissue; GDF-11: growth differentiation factor-11; ECM: extracellular matrix; SPARC: secreted protein acidic and rich in cysteine.
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myocardium [90]. Among patients with HFrEF and HFpEF,
serum levels of FGF-21 were positively associated with echo-
cardiographic parameters of diastolic function, LV end-
diastolic pressure, and NT-pro-BNP levels [88–90], as well
as with IL-6 levels and lower skeletal muscle mass [91]. Con-
flicting results in the presence of the strong correlation
between serum levels of FGF-21 and NT-pro-BNP are
explained by adjustment of the data for cardiac cachexia
[91, 92]. There was strong correlation between circulating
levels of FGF-21 and NT-pro-BNP in HFrEF patients with-
out cardiac cachexia, but no correlation between these bio-
markers was noticed in those who had HFrEF with cardiac
cachexia [93]. Probably, some cardioprotective effects of
sodium-glucose cotransporter 2 inhibitors (SGLT2i) may be
related to their ability to induce the FGF-21/SIRT1 pathway
and thereby stimulate endogenous reparation [94, 95].

4.5. Myostatin. Myostatin is established as a negative regula-
tor of skeletal muscle mass that is upregulated in the myocar-
dium of HF [96, 97]. Myostatin belongs to the transforming
growth factor-β (TGF-β) family and its main biological func-
tion comes down to the inhibition of skeletal muscle growth
and prevention of insulin resistance [98]. In the physiological
condition, myostatin is predominantly expressed in skeletal
muscle, while small basal expression was also noticed in the
myocardium and WAT.

The development of the HF is associated with increased
expression of myostatin in the myocardium, skeletal muscles,
and WAT, and elevated levels of the peptide were discovered
in the peripheral blood [99]. Myostatin interacts tightly with
insulin-like growth factor I (IGF-I) and enables to stimulate
the expression of regulator of G-protein signaling 2, a
GTPase-activating protein, which restricts the Gaq and Gas
signaling pathway and thereby protects against ischemic/re-
perfusion injury and HF development [100]. Muscle myopa-
thy and sarcopenia are related to overexpression of myostatin
that acts as powerful activator of the Smad2/3 pathway and
thereby stimulates the proteasomal and the autophagic-
lysosomal capabilities [99–101]. On the other hand, overex-
pression of myostatin in the myocardium caused interstitial
fibrosis and myocyte loss via activation of the TAK-1-
MKK3/6-p38 signaling pathway, and thereby, these findings
did not support the idea about protective abilities of myosta-
tin [102]. Yet, myostatin has demonstrated an ability to mod-
ulate myosin heavy chain isoform (I MyHC isoform) shift in
skeletal muscle [103]. However, being a strong predictor of
frailty, disability, and mortality sarcopenia occurs in patients
with HFrEF in results of abundant molecular mechanisms
including Smad2/3 signaling [101, 104]. Probably, these con-
troversies in the protective ability of myostatin relate to etiol-
ogy (ischemic or nonischemic) of HF [105, 106].

Serum levels of myostatin were found to be higher in
chronic HF patients than in healthy volunteers which posi-
tively correlated with biomarkers related to HF severity
[107–109]. In addition, there is evidence for significant
decreasing of serum levels in HF patients [110]. However,
the results regarding the association between myostatin
levels, HF severity, and other HF biomarkers such as NT-
proBNP/BNP are conflicting. Chen et al. (2019) [107] found

strong associations between myostatin and severity of
adverse cardiac remodeling, NYHA classes of HFrEF and
LVEF, while Zamora et al. (2010) did not notice these rela-
tions in HFrEF patients [111]. Thus, myostatin is involved
in adverse cardiac remodeling and the evaluation of its circu-
lating levels appears to be promised to predict the course of
HF and also to guide a risk stratification of HF patients [110].

4.6. Brain-Derived Neurotropic Factor. Brain-derived neuro-
tropic factor (BDNF) is a neuronal growth factor that plays
a pivotal role in the maintenance of the nervous system, the
development of depression and behavior disorders, cardiac
reparation, and skeletal muscle energy metabolism [112,
113]. BDNF is produced by a wide spectrum of the cells
including cardiac myocytes, skeletal muscles, smooth muscle
cells, and mature and progenitor endothelial cells [112, 114].
Typically, BDNF is considered as multifunctional protein
with organ protective capabilities, which is the synthesis in
the result of tissue damage (ischemia, hypoxia) and an
impact of proinflammatory cytokines (IL-1β, IL-6, and
TNF-alpha) and acts through the c-Jun N-terminal kinase
pathway [114–116]. It has been suggested that physical exer-
cise and strength exercise are able to ensure an effective car-
diometabolic protection through increasing BDNF serum
levels [117]. There is evidence for the fact that BDNF was
found to be a powerful metabolic regulator of myoblast activ-
ity, and thereby, this protein is engaged in the endogenous
reparation of the skeletal muscle and myocardium [116,
117]. In addition, BDNF is involved in the regulation of glu-
cose and lipid metabolism [118].

There is Val66Met polymorphism (rs6265) of BDNF
gene, which has been associated with altered circulating
levels of BDNF and corresponds to several neuropsychiatric
disorders, regional structural brain changes, and cardiac
and vascular protection against hypoxia and ischemia [119–
121]. In fact, obesity, metabolic syndrome, type 2 diabetes
mellitus, and CV diseases including HF were associated with
decreased serum levels of BDNF [122–124]. In contrast,
patients having acute coronary syndrome (ACS) and ST seg-
ment elevation myocardial infarction had higher circulating
levels of BDNF than healthy volunteers and strongly pre-
dicted acute HF development [125], while there is evidence
regarding that BDNF levels can be reduced in patients having
ACS [126]. Moreover, in animal model of HF and among
patients with HFrEF, low levels of BDNF were associated
with reduced physical activity and a risk of HF-related myop-
athy [127–131]. In addition, low levels of BDNF predicted a
risk of cognitive dysfunction among HFrEF patients [132]
and poor clinical outcomes [124, 125, 131, 133]. The serum
BDNF levels may be a useful surrogate biomarker of
increased CV risk, the HF-related myopathy, and adverse
prognosis in patients having HF [134].

4.7. Interleukin-8. IL-8 (also known as chemokine CXCL8)
belongs to the CXC chemokine family [135]. It is produced
by mononuclears, phagocytes, adipocytes, epithelial cells,
endothelial cells, and mesenchymal cells exposed to various
inflammatory stimuli [136]. IL-8 acts as paracrine trigger of
macrophage migration, neutrophil chemotaxis, and
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differentiation and proliferation of profibrogenic mesenchy-
mal progenitor cells [137, 138]. Interestingly, skeletal muscle
fibers express IL-8 mRNA, which is regulated by muscle con-
traction [139]. Thus, IL-8 can partially be considered as a
myokine.

Although IL-8 have shown to be predictive for CV events
in several studies, its role as clinical biomarkers for HF is
unclear [140–142]. Elevated levels of IL-8 were noticed in
the patients with ACS and acute HF [143, 144]. There was
strong correlation between serum levels of circulating IL-8
and adverse clinical outcome and cardiac remodeling after
STEMI [142]. However, there are conflicting reports regard-
ing the role of IL-8 in inducing cardiac dysfunction in HF
[145–147]. Indeed, delayed expression of IL-8 in the myocar-
dium after revascularization in STEMI was associated with a
high risk of cardiac dysfunction and the development of
chronic HF regardless of the presence of traditional CV risk
factors [146]. On the other hand, several comorbidities
including type 2 diabetes mellitus and abdominal obesity
were able to aggravate adverse cardiac remodeling after com-
pleted reperfusion through microvascular inflammation
[147]. In addition, there were no favorable effects on CV
events observed in the large clinical trials of rheumatoid
arthritis patients treated with anticytokine therapy (IL-1β
inhibition, IL-1 receptor antagonists, IL-6 receptor antago-
nists, or TNF inhibition) [148]. Finally, the role of IL-8 in
HF development and progression remains uncertain.

4.8. Interleukin-15. IL-15 is pleiotropic proinflammatory
cytokine with structural similarity with IL-2, which predom-
inantly exerts anabolic and tissue protective effects by
decreasing cardiac myocyte apoptosis, mobilization of endo-
thelial and mesenchymal progenitor cells, reduction of oxida-
tive stress, and improvement of myocardial function [149].
On hypoxia condition, cardiac myocytes express appropriate
IL-15 receptor, by which IL-15 protects the myocardium
against injury [149]. IL-15 activates signaling by the β and
common γ (γc) chain heterodimer of the IL-2 receptor and
thereby supports survival and proliferation of natural killer
cells and suppresses oxidative stress [150]. On the other
hand, IL-15 maintains chemotaxis of the natural killer cells
and their adhesion on endothelium [151]. In contrast to IL-
8, IL-15 is a growth factor that is highly expressed in skeletal
muscle and exerts muscle hypertrophy through specific
receptor (IL-15R) [152, 153]. Despite IL-15 has been revealed
as having sufficient anabolic impact on skeletal muscle both
in vitro and in vivo, it plays a crucial role in reducing mass
of WAT [139].

IL-15 is upregulated in some CV diseases, such as myo-
cardial infarction, HF and atherosclerosis [154]. In addition,
IL-15 was found a regulator of fractalkine (FKN)-CX3CR1
chemokine signaling system, which is involved in the acceler-
ation of atherosclerosis and promoting smooth muscle cell
proliferation [155]. There is evidence of the fact that IL-15
has direct cytotoxic impact on endothelial cells and their pre-
cursors and thereby induces endothelial dysfunction and
microvascular inflammation. Indeed, IL-15 activates
antigen-presenting cells (APCs), such as dendritic cells, mac-
rophages, and CD8(+) T cells and acts as a trigger of apopto-

sis of endothelial cells via caspase activation and loss of
mitochondrial membrane potential [156, 157]. Thus, IL-15
is able to support inflammatory infiltration of the myocar-
dium and directly induce myocardial injury. Additionally,
IL-15 exerts specific endocrine effects on WAT, stimulates
synthesis of adipocytokines, and consequently maintains adi-
pocyte tissue oxidation and inflammation [158]. Finally, act-
ing through the regulation of adipocytokine synthesis, IL-15
indirectly modifies IR of skeletal muscles and attenuates
HF-related myopathy [159, 160].

Low circulating levels of IL-15 were found in younger
and older people with sarcopenia without known HF [161,
162]. A clinical study has shown that IL-15 gene polymor-
phisms were susceptible biomarkers for development of sub-
clinical atherosclerosis and CAD [163]. Patients with HF
have demonstrated altered profile of several cytokines
including IL-15; the levels of which were noticed to be dra-
matically increased [164]. However, circulating levels of IL-
15 were not associated with ischemia-induced adverse car-
diac remodeling and poor clinical outcomes [164], but in
nonischemic HF, patients there found a correlation between
IL-15 myocardial expression and a risk of sudden death
and HF-related events [165].

To sum up, the results of preclinical and clinical studies
for the integral role of IL-15 as a trigger of adverse cardiac
remodeling and HF-related myopathy have been noticed
inconclusive. Although the natural killer cell receptor/IL-15
signaling pathway contributes to progressive inflammatory
muscle destruction and myopathy [166], whether this molec-
ular mechanism is essential for regulation of HF-related
myopathy is not fully clear. Thus, muscle-derived IL-15
appears to have important roles in metabolism of both the
myocardium and skeletal muscles, and exercise plays a role
in the interplay between WAT modification and inflamma-
tion, but its value in HF-related myopathy remains to be
poorly understood [167, 168].

4.9. Growth Differential Factor-11. GDF-11 belongs to the
superfamily of transforming growth factor-beta and is widely
expressed in several tissues including the myocardium and
skeletal muscles [169]. GDF-11 reverses age-related cardiac
hypertrophy, improves muscle regeneration and angiogene-
sis, maintains differentiation of progenitor cells, and protects
against myocardial ischemia and reperfusion injury by acti-
vation of Smad2/3 signaling [170–172]. Nevertheless, in ani-
mal model of HF, GDF-11 stimulated oxidative stress,
potentiated apoptosis, and induced tissue injury by upregu-
lating Nox4 in H9C2 cells (cardiomyoblast cell line derived
from embryonic rat heart tissue) and the production of reac-
tive oxygen species in a result of modulation of NADPH oxi-
dases [173].

GDF-11 is upregulated in the myocardium and skeletal
muscles in patients with CAD and HF [174, 175] and acts
on skeletal muscles inducing low physical tolerance and mus-
cle weakness [176]. It has been suggested that GDF-11
induces specific genes called astrogenes, which induce the
ubiquitin-proteasome system, leading to protein degradation
in skeletal muscles and mitochondrial dysfunction [176].
Finally, GDF-11 is discussed as a factor that contributes to
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disease progression and loss of skeletal muscle mass [177]. In
contrast, there is a suggestion that elevation of GDF-11 is
associated with cardioprotection, because patients having
stable CAD and elevated levels of GDF-11 levels were associ-
ated with lower risk of CV events and death [178]. Thus,
GDF-11 had cardioprotective activities and probably plays
a pivotal role in prevention of HF-related myopathy and
sarcopenia.

Overall, the development of HF is associated with upreg-
ulation of myostatin and IL-8 and downregulation of irisin,
myonectin, FGF-21, BDNF, and IL-15.

4.10. SPARC. SPARC (secreted protein acidic and rich in cys-
teine), also called osteonectin, is an extracellular collagen-
binding matrix protein responsible for cell function as well
as cell-matrix interactions [179]. In numerous studies,
SPARC was shown to act as a potential mediator of collagen
deposition and collagen assembly [180]. Moreover, it was
also reported to be involved in cell migration and prolifera-
tion as well as tissue repair [181]. The secretion of SPARC
is known to be induced through physical exercise, stress,
and tissue damage and can be found throughout all body tis-
sues [181, 182]. In mouse models with an inhibited SPARC
expression, a reduction in organ fibrosis in the lung, heart,
skin, liver, and eye was reported in response to fibrotic stim-
uli [183]. Similarly, reduced levels of SPARC are associated
with osteogenesis imperfecta [184]. Moreover, SPARC is also
involved in different malignancies [185, 186]. In the heart,
SPARC is expressed by endothelial cells and fibroblasts and
by cardiac myocytes to some extent [187]. It is not only
upregulated in response to cardiac injury and in areas of car-
diac remodeling but also in response to pressure overload
[188]. In a mouse model of pressure overload, SPARC was
observed to play a pivotal role in in the deposition of insolu-
ble collagen deposition, thus contributing to myocardial stiff-
ness [189]. In the same study, macrophages were identified as
possible source for increased SPARC levels in response to
pressure overload [190]. Apart from cardiac injury and pres-
sure overload, SPARC was also reported to be connected to
the age-dependent increase in left ventricular stiffness [179,
190]. Contrary, SPARC was shown to be increased after acute
MI while a temporal relation to scar formation was evident
[191, 192]. Similarly, SPARC inactivation leads to an increase
in cardiac rupture and dysfunction after acute myocardial
infarction in a mouse model [193]. Vice versa, overexpres-
sion of SPARC after myocardial infarction showed a cardiac
and vascular protective effect [194]. In this regard, an
increase in Smad2 phosphorylation was suggested [195].
Moreover, studies have proposed a positive inotropic effect
of SPARC in the heart [196]. Thus, given its role in collagen
deposition and assembly, the role of SPARC in the heart
might have to be interpreted in clinical context. While it
may have a positive effect with regard to acute tissue damage,
chronically elevated levels of SPARC seem to have a negative
effect especially with regard to cardiac remodeling and endo-
thelial integrity. However, further studies on SPARC are war-
ranted to clarify its role in cardiac injury and remodeling to
further extent.

5. Myokines and Heart Failure-Related
Clinical Outcomes

There is a large body of conflicted evidence for predictive
values of several myokines for adverse clinical outcomes pre-
dominantly in HFrEF [197]. Serum irisin levels were found to
be higher in acute HF patients deceased in 1-year follow-up
[198]. In addition, there was a close positive correlation
between elevated levels of irisin and CV clinical outcomes
after myocardial infarction regardless of HF presence [199].
Moreover, irisin has demonstrated better prediction for
MACEs to NT-proBNP [199]. Collectively, elevated serum
levels of irisin were powerful predictive biomarker for 1-
year all-cause and CV mortality in acute and chronic HF
patients. Higher circulating levels of FGF-21 were also asso-
ciated with a high mortality rate, but not CV events in patient
with ESRD at a risk of HF [200]. Myostatin was found to be
an independent predictor of mortality in HF patients and
rehospitalization due to HF progression [107]. Decreased
serum levels of BDNF were significantly associated with
adverse outcomes in HF patients [124, 125]. There is a large
body of evidence regarding the fact that elevated levels of
some SPARC proteins, such as osteonectin and osteopontin,
have demonstrated a strong association with poor long-term
HF-related outcomes including death, and a risk for recur-
rent hospitalization due to HF among patients with normal
body mass, overweight, and obesity [201, 202]. However,
there was no finding that osteonectin predicted cardiac
cachexia and poor clinical events in patients with HF-
related myopathy. The discovery of exact molecular path-
ways that correspond to the link between myokines and HF
outcomes remains uncertain and requires being clearly eluci-
dated in the future [18]. However, the idea regarding that the
myokines could be new biological target to point-of-care
therapy in HF with various phenotypes is promising espe-
cially among HF patients with metabolic comorbidities.

6. Perspectives in the Future

Myokines are predictive biological markers that are indepen-
dently associated with an increased risk of HF-related myop-
athy and cachexia, while their role in the prediction of
adverse cardiac remodeling and risk stratification of clinical
outcomes requires thorough investigation in the large clinical
trials. Another direction for studies in the future is a modifi-
cation of myokines’ profile in a result of aerobic and interval
isometric physical exercise. Because HF-related myopathy is
an established predictor of poor clinical prognosis and phys-
ical exercise has been determined to be predictably valued,
the monitoring of serum levels of myokines could be attrac-
tive to stratify HF patients at higher risk of the progression
of the myopathy. In addition, myokines can be useful to
determine whether the physical exercises are adequate.
Therefore, myokines can be targets for the personified ther-
apy of HFrEF and HFpEF to prevent HF-related myopathy
and cardiac cachexia. In this context, new anticytokine drugs,
such as anti-IL-17 anti-IL-23, could be investigated with this
purpose.
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7. Conclusion

Altered circulating signature of myokines is noticed at the
early stage of HF occurrence and was associated with the
adverse cardiac remodeling, diastolic filling abnormalities,
reduced systolic function and progression of skeletal muscle
myopathy. Myokines are not only involved in the pathogen-
esis of skeletal muscle myopathy but also they could provide
new insights to the course of HF and stratify patients at
higher risk of poor outcomes prior to sarcopenic stage.
Although changes in peripheral blood concentrations of sev-
eral myokines reflect altered metabolic homeostasis in con-
nection with advance in HF, there is limiting strong
evidence regarding independent predictive ability of myo-
kines’ signature for mortality and HF-related outcomes and
superiority these novel biomarkers to traditional circulating
cardiac biomarkers during face-to-face comparisons. Irisin,
BDNF, FGF-21, and probably osteonectin are the most
promising biomarkers of HF-related myopathy and cachexia,
while their role in the prediction of adverse cardiac remodel-
ing and poor outcomes requires to be elucidated in the future.
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Objective. Cardiac autonomic neuropathy (CAN) is a common and serious complication of diabetes mellitus with various systemic
involvements, such as atherosclerotic cardiovascular disease. We aimed to evaluate the association between CAN and coronary
artery lesions in patients with type 2 diabetes. Research Design and Methods. We retrospectively reviewed the medical records of
104 patients with type 2 diabetes and coronary artery disease (CAD). We evaluated heart rate variability (HRV) parameters
(SDANN, SDNN, and pNN50) to assess cardiac autonomic function. The severity of coronary lesions was assessed by the
Gensini scores and the number of affected vessels. Correlation analyses between HRV parameters and the severity of coronary
lesions and clinical parameters were performed. Results. Spearman’s correlation analysis showed a significant negative
correlation between SDANN and Gensini scores (r = −0:22, P = 0:03). Interestingly, this finding remained significant after
adjusting for clinical covariates (r = −0:23, P = 0:03). However, there was no association between HRV parameters and the
severity of coronary lesions as assessed by the number of affected vessels. Clinical parameters were not significantly correlated
with HRV parameters (all P > 0:05). Conclusions. Cardiac autonomic neuropathy might be related to the degree of coronary
atheromatous burden in patients with type 2 diabetes. Screening for cardiac autonomic neuropathy might potentially be
beneficial in the risk stratification of patients with type 2 diabetes.

1. Introduction

Diabetes mellitus has emerged as a major threat on patient
survival and quality of life, with huge, socioeconomic, and
social challenges [1]. The prevalence of diabetes mellitus is
rapidly increasing due to an increased burden of obesity
and related risk factors, such as increased consumption of
highly processed foods, socioeconomic development, and a
decrease in physical activity [2]. Type 2 diabetes accounts
for 95% of diagnosed diabetes mellitus and is projected to
affect hundreds of millions of people globally in the next
few decades. Most patients with diabetes mellitus manifest
at least one of its complications. Diabetes mellitus has both

macrovascular and microvascular complications, which
become more prevalent with increased disease duration [3].

An increasing body of evidence has shown that type 2
diabetes is a common chronic disease that is associated with
substantial morbidity and mortality due to coronary artery
disease (CAD), which is a macrovascular complication of
diabetes mellitus [4]. Moreover, cardiac autonomic neuropa-
thy (CAN) is a common and serious complication of diabetes
mellitus with various systemic involvements, resulting in ath-
erosclerotic cardiovascular disease [5]. Diabetic autonomic
neuropathy is implicated in the pathogenesis of vascular
damage and subsequent coronary artery disease, which may
result in disabling clinical and functional manifestations.
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Recently, studies that dysfunction of the cardiac autonomic
system may be effective in the development of vascular ath-
erosclerosis have been well documented [6, 7]. There is a
lot of evidence that cardiac autonomic neuropathy plays a
crucial role in the pathogenesis of progressive vessel athero-
sclerosis [8, 9]. Furthermore, diabetic autonomic neuropathy
is closely associated with subclinical myocardial dysfunction,
interstitial myocardial fibrosis, andmetabolic changes [10, 11].
Furthermore, CAN also significantly increases the incidence of
cardiovascular disease and its related mortality. However, the
independent relationship of cardiac autonomic neuropathy
with the severity of coronary lesions in type 2 diabetic patients
has not been established.

Heart rate variability (HRV), which reflects the status of
the cardiac sympathovagal balance, is a noninvasive, practi-
cal, and reproducible index used to assess cardiac autonomic
function [12, 13]. Recently, more attention has been placed
on HRV assessment as a diagnostic tool in the prediction of
prognosis in various neurological disorders and in the evalu-
ation of autonomic impairment [14]. Numerous studies have
demonstrated changes in HRV patterns are associated with
the cardiac autonomic system in subjects with physiological
and pathological conditions, particularly in type 2 diabetic
patients [15].

There is increasing evidence that reduced HRV may be
related to worse cardiovascular outcome among patients with
type 2 diabetes [16, 17]. However, little is known regarding
the relationship between the severities of coronary artery
lesions and CAN in patients with type 2 diabetes. Therefore,
we aimed to investigate the association between HRV and the
severity of coronary artery lesions in patients with type 2 dia-
betes and CAD.

2. Methods

2.1. Study Population.We conducted a retrospective study on
104 patients with type 2 diabetes and CAD admitted to the
Tongji Hospital in Wuhan (China) from July 2017 to Octo-
ber 2019. All data were extracted and reviewed from the
patient medical records. In addition, CAN diagnosis was
made based on medical records. We used the guidelines of
the CAN Subcommittee of the Toronto Consensus Panel
on Diabetic Neuropathy for CAN diagnosis and staging
[18]. None of the participants received antiarrhythmic
therapy such as beta-blockers or calcium channel blockers
prior to 24-hour dynamic electrocardiogram; therefore, their
HRV was not affected by the above-mentioned therapy.
Patients were diagnosed with type 2 diabetes based on their
medical history or according to the American Diabetes Asso-
ciation criteria as previously reported [19]. Detailed diagnos-
tic criteria for CAD have been previously described [20].
Precisely, CAD was defined as the presence of at least one
significant coronary artery stenosis with luminal diameter
> 50%on coronary angiography. The severity of atheroscle-
rosis was assessed using the Gensini scores and the number
of diseased vessels (stenosis > 50%). The Gensini scores were
calculated using a method previously described [21]. In each
coronary segment, the narrowing of the coronary artery
lumen was rated 1, 2, 4, 8, 16, and 32 for 0–25%, 26–50%,

51–75%, 76–90%, 91–99%, and 100% stenosis, respectively.
Then, a multiplier was assigned to each segment depending
on the prognostic importance of the area supplied by that
segment: 5 for the left main coronary artery, 2.5 for the prox-
imal left anterior descending coronary artery (LAD), right
coronary artery, and proximal left circumflex branch, 1.5
for the midsegment of LAD, 0.5 for the second diagonal
branch and posterolateral branches, and 1 for the other
branches. The final Gensini score for each patient was the
sum of the total scores for all affected segments.

We excluded patients with comorbidities, such as valvu-
lar heart disease, rheumatic diseases, connective tissue dis-
ease, severe liver and kidney dysfunction, hyperthyroidism,
and infection. Moreover, we excluded patients with chronic
obstructive coronary lesions, previous myocardial infarction,
or coronary artery bypass grafting.

Ethics committee review was not necessary because this
study was a retrospective analysis. Informed consent was
waived because this study involved an analysis of existing
medical records with neither breach of privacy nor interfer-
ence with clinical decisions related to patient care. The study
was conducted in accordance with the principles of the
Declaration of Helsinki.

2.2. Clinical and Paraclinical Evaluation. Demographic fac-
tors, including sex, age, height, weight, ethnicity, cigarette
smoking, alcohol consumption, and medical history, were
obtained by reviewing participants’ medical records. Fasting
blood samples were obtained for the analysis of lipid profile,
glycated hemoglobin A1c (HbA1c), and glucose levels using
standard methods at the Department of Clinical Laboratory
at Tongji Hospital.

Electrocardiographic recordings were acquired using 24-
hour electrocardiogram (ECG) Holter monitoring (DMS
300-4, Holter Reader, Producer DMS, Nevada, USA) in all
patients. Parameters from Holter recordings were automati-
cally analyzed by a computer software, which computed all
of the basic HRV parameters using the HRV analysis module.
The HRV time-domain variables used were as follows:
SDNN expressed in milliseconds (ms) represented the stan-
dard deviation of all normal-to-normal intervals. SDANN
expressed in ms represented the standard deviation of the
averages of normal-to-normal intervals in all 5min segments
of the entire recording, and pNN50 represented the ratio of
the number of pairs of adjacent normal-to-normal intervals
more than 50ms to the total number of all normal-to-
normal intervals.

A standard two-dimensional Doppler echocardiographic
examination was performed in all patients according to rou-
tine procedures (GE Vingmed Vivid 7 or Vivid 9, Horten,
Norway). The following parameters were obtained as previ-
ously reported [13]. The left ventricular end-diastolic
dimension (LVEDD) was measured using M-mode in the
parasternal left ventricular long-axis view. The left ventric-
ular biplane Simpson method was used to measure the ejec-
tion fraction (EF) in apical 4- and 2-chamber views.
Doppler echocardiography was used to record left ventricu-
lar flow velocity and measure LV diastolic function param-
eters. The peak velocities of early (E-wave velocity) and late
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(A-wave velocity) transmitral flow were measured, and the
E/A ratio was calculated.

2.3. Statistical Analyses. Descriptive and experimental mea-
sures were expressed as means ± standard deviation or per-
centages as indicated. The one-sample Kolmogorov-Smirnov
test was used to test whether a sample comes from a popula-
tion with a specific distribution. The Gensini scores showed
a markedly skewed distribution toward high values and there-
fore were presented as medians and quartiles. Correlations
between variables were determined using Spearman’s correla-
tion or Pearson’s correlation coefficient analysis. The analysis
of variance test was used for intergroup comparisons of con-
tinuous variables. Trends were analyzed with the linear-by-
linear association. Two-sided P values were used for all tests,
and a P value < 0.05 was applied to identify the results with
statistical significance. All statistical analyses were performed
using SPSS version 15.0 for Windows.

3. Results

3.1. Baseline Characteristics of the Patients. Table 1 summa-
rizes the baseline characteristics, clinical, and biochemical
findings of the study population. We included 104 patients
with type 2 diabetes and CAD, including 33 females
(31.7%) and 71 males (68.3%), with a mean age of 60:6 ±
8:8 years (range 42–77 years). The proportion of patients that
reported smoking and alcohol consumption was 47.1% and
32.7%, respectively. The mean body mass index (BMI) was
24:0 ± 2:8 kg/m2. Fifty-six patients (53.8%) had hyperten-
sion. The mean glycated hemoglobin A1c (HbA1c) value
was 6:8 ± 0:6%, and the median Gensini score was 28 (19,
46). The time-domain measures of HRV parameters were
as follows: the means of SDNN, SDANN, and pNN50 were
58 ± 19ms, 101 ± 32ms, and 11 ± 13%, respectively.

3.2. Correlation Analysis according to HRV Parameters. We
investigated the association between the HRV parameters
and clinical characteristics in all 104 patients. As shown in
Table 2, there was no statistical linear correlation between
the HRV parameters (SDNN, SDANN, and pNN50) and
clinical characteristics (all P values > 0.05). Furthermore,
we analyzed the correlations between myocardium parame-
ters (E/A ratio, EF, and LVEDD) and HRV parameters
(SDNN, SDANN, and pNN50). Results of the linear correla-
tion analysis are also shown in Table 2. However, there were
no statistically significant correlations (all P values > 0.05).

We further analyzed the possible correlation between the
HRV parameters and the severity of coronary lesions as mea-
sured both by Gensini scores and the number of affected ves-
sels. As presented in Table 3, there was a significant negative
correlation between SDANN and Gensini scores (r = −0:22,
P = 0:03). Notably, after adjustment for clinical covariates,
the relationship remained significant (r = −0:23, P = 0:03).
In contrast, no significant correlation was found between
the other HRV parameters and Gensini scores (Table 3).
Results of the linear correlation between 1-, 2-, and 3-vessel
disease and HRV parameters are shown in Table 4. Similarly,

there was no statistical correlation between the number of
affected vessels and the HRV parameters (all P values > 0.05).

4. Discussion

In this study, we evaluated the relationship between CAN
and the severity of coronary lesions among patients with type
2 diabetes and CAD. CAN is known to be associated with
increased cardiovascular morbidity and mortality [22]. The

Table 1: Demographic characteristics of CAD patients with type 2
diabetes.

Characteristics Study subjects (n = 104)
Men, n (%) 71 (68.3)

Age (years) 60:6 ± 8:8
BMI (kg/m2) 24:0 ± 2:8
Current smokers, n (%) 49 (47.1)

Alcohol drinkers, n (%) 34 (32.7)

Hypertension, n (%) 56 (53.8)

HbA1c (%) 6:8 ± 0:6
FBG (mmol/L) 7:1 ± 1:2
UA (μmol/L) 416 ± 95
TG (mmol/L) 1:9 ± 1:2
TC (mmol/L) 5:0 ± 0:9
LDL (mmol/L) 3:0 ± 0:9
HDL (mmol/L) 1:1 ± 0:3
EF (%) 57 ± 6
E/A ratio 1:1 ± 0:2
LVEDD (mm) 47:9 ± 4:0
SDANN 101 ± 32
SDNN 58 ± 19
pNN50 11 ± 13
Gensini scores 28 (19, 46)

Table 2: The correlations between the HRV parameters and clinical
variables.

Variables
SDANN SDNN pNN50
r P r P r P

Age -0.11 0.25 -0.08 0.41 -0.04 0.71

BMI -0.03 0.78 0.01 0.98 -0.14 0.16

HbA1c 0.02 0.85 0.01 0.96 -0.01 0.91

FBG -0.04 0.71 -0.04 0.72 0.12 0.20

UA 0.01 0.98 0.04 0.66 -0.04 0.72

TG 0.04 0.69 -0.08 0.39 -0.01 0.97

TC 0.07 0.51 0.07 0.50 0.09 0.36

LDL 0.08 0.45 0.09 0.35 -0.06 0.54

HDL 0.01 0.90 0.02 0.86 -0.01 0.97

EF (%) 0.07 0.47 -0.01 0.90 -0.14 0.17

E/A ratio 0.13 0.20 0.18 0.07 0.07 0.46

LVEDD -0.05 0.60 0.17 0.09 0.18 0.06
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present retrospective study extends these observations by
demonstrating that some parameters of HRV were indepen-
dently associated with the severity of coronary lesions in
patients with type 2 diabetes and CAD. These findings sug-
gest that CAN contribute to the development of coronary
artery atherosclerosis in patients with type 2 diabetes.

The mechanisms whereby CAN is implicated in the
pathogenesis of vascular atherosclerosis are complicated
and have not been clarified. Clinical and experimental evi-
dence showed that long-term treatment with antisympathetic
drugs resulted in significant reductions of coronary and cere-
brovascular complications, thereby reducing mortality and
morbidity by the retardation of atherosclerosis development
[23]. During the past decade, cardiac autonomic dysfunction
has been proposed as a precursor of vascular atherosclerosis
development [24]. Autonomic nervous system alterations
have been considered as a significant risk factor in the accel-
eration of atherosclerosis and serve as a trigger for acute
coronary and cerebrovascular events. The pathophysiology
of CAN is complex and involves the endocrine system with
associated inflammatory, hemostatic, and metabolic abnor-
malities [25]. Although the body of evidence examining the
CAN-atherosclerosis association is growing, this association
is not fully understood.

It is well known that the diabetes mellitus burden has
emerged as an important public health problem of epidemic
proportions in the last few decades. In particular, type 2 dia-
betes mellitus has exponentially grown in the past decades
around the world. Clinical studies have demonstrated that
type 2 diabetes mellitus can be considered as a CAD risk
equivalent with such a strong association and relation with
diabetes and CAD development in both men and women
[26]. The pathophysiology of type 2 diabetes mellitus in
CAD has been attributed to a variety of mechanisms includ-
ing vascular endothelial injury, atherosclerosis, and CAN.

CAN is one of the most common and often overlooked
diabetes-related complications that have a significant influ-
ence on CAD in patients with type 2 diabetes mellitus [22].
Improving the understanding of the pathogenesis of CAN
and its effect on CAD, therefore, has attracted a great deal
of interest as a potential therapeutic target.

However, the independent relationship between cardiac
autonomic neuropathy and the severity of coronary lesions
has been difficult to clarify due to the similar etiologies of
these conditions in type 2 diabetes mellitus. Accordingly,
we performed the current retrospective study to investigate
this important issue. This study showed that the global
association of CAN and coronary lesions might be inde-
pendent of known factors in the pathogenesis of vascular
endothelial injury and atherosclerosis in patients with type
2 diabetes mellitus. These findings suggest endothelial dys-
function and cardiac autonomic nervous dysfunction are
related pathophysiologically in type 2 diabetes mellitus
[27]. Additionally, we indicated that CAN may reflect the
progression of coronary atherosclerosis in patients with
type 2 diabetes. Previous studies have consistently reported
that reduced HRV indexes depend on the degree of dam-
age on coronary artery lesions in patients with stable
angina pectoris [28, 29]. Thus, these findings indicate that
CAN may reflect the progression of coronary lesions in
patients with type 2 diabetes.

A previous study showed that CAN have an independent
negative association with exercise capacity in patients with
CAD [30]. Moreover, other studies revealed that CAN was
associated with left ventricular dysfunction in patients with
type 2 diabetes [31–33]. However, we found no significant
correlation between HRV indexes and the echocardiographic
assessment of LV function in the current study. The lack
of association between HRV indexes and echocardio-
graphic assessment of left ventricular function in the pres-
ent study is not totally surprising, when we consider the
complex pathogenesis of these diseases. The divergent
findings may be attributed to the heterogeneity of left ven-
tricular dysfunction in patients with type 2 diabetes and
CAD. Our study had a few limitations due to the small
sample size and the retrospective nature of the study.
Moreover, the study was conducted in a single center;
therefore, the results cannot be generalized at this point.
Notably, future prospective, multicenter, and large-scale
studies are warranted to clarify and consolidate our study
findings.

In conclusion, we found an association between CAN
and the severity of coronary stenosis among patients with
type 2 diabetes mellitus and CAD. The combined assessment
of cardiac autonomic nervous function and plaque enhance-
ment may improve CAD risk stratification in patients with
type 2 diabetes mellitus. Future prospective studies on a
larger scale are needed to confirm our findings.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Table 3: Assessment of association between HRV parameters with
Gensini scores.

Variables
Crude Adjust

r P r P

SDANN -0.22 0.03 -0.23 0.03

SDNN -0.14 0.16 -0.10 0.34

pNN50 -0.04 0.67 -0.06 0.60

Spearman’s correlation analysis. Adjusted: age, sex, body mass index,
smoking, alcohol, hypertension, triglyceride, total cholesterol, HDL, LDL,
uric, myocardial parameters, FBG, and HbA1c.

Table 4: Correlation between HRV parameters and number of
stenotic branches of coronary arteries.

Variables 1VD (n = 19) 2VD (n = 33) 3VD (n = 52) P/P for
trend

SDANN 101 ± 26 102 ± 26 101 ± 37 0.98/0.97

SDNN 56 ± 18 58 ± 17 58 ± 21 0.91/0.69

pNN50 8 ± 8 8 ± 11 13 ± 16 0.10/0.06

1VD=1-vessel disease; 2VD=2-vessel disease; 3VD=3-vessel disease.
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Background. Diabetic nephropathy is a common and serious complication of diabetes mellitus (DM) and is one of the leading
causes of end-stage renal disease worldwide. Although there have been many investigations on biomarkers for DN, there is no
consistent conclusion about reliable biomarkers. The purpose of this study was to perform a systematic review and meta-
analysis of the role of circulating retinol-binding protein 4 (RBP4) in the type 2 diabetes mellitus (T2DM) patients with kidney
diseases. Materials and Methods. We searched the PubMed, MEDLINE, EMBASE, and Web of Science databases for
publications. For the 12 cross-sectional studies that we included in the review, we calculated standard mean differences (SMD)
with 95% confidence intervals (CI) for continuous data when the applied scales were different. Risk of bias of included trials was
assessed by using the Newcastle-Ottawa Scale. Results. RBP4 concentrations in the micro-, macro-, or micro+macroalbuminuria
groups were significantly higher than those in the normal albuminuria group of T2DM patients [P = 0:001, SMD 1.07, 95% CI
(0.41, 1.73)]. The estimated glomerular filtration rate (eGFR) was negatively associated with circulating RBP4 concentrations in
patients with T2DM [summary Fisher’s Z = −0:48, 95% CI (-0.69, -0.26), P < 0:0001]. The albumin-to-creatinine ratio (ACR)
was positively associated with circulating RBP4 concentrations in patients with T2DM [summary Fisher’s Z = 0:20, 95% CI
(0.08, 0.32), P = 0:001]. Conclusion. The levels of circulating RBP4 were significantly higher both in T2DM subjects with
micro/macroalbuminuria and in T2DM subjects with declined eGFR. The levels of circulating RBP4 were positively correlated
with ACR but negatively correlated with eGFR. Circulating RBP4 could be a reliable biomarker for kidney diseases in T2DM.

1. Introduction

Diabetes mellitus (DM) affects more than 463 million people
globally, and this number is supposed to increase to 700 mil-
lion by 2045 [1]. Diabetic nephropathy (DN) is a common
and serious complication of DM [2] and is one of the leading
causes of end-stage renal disease (ESRD) worldwide [3]. It is
also associated with cardiovascular and all-cause mortality
[4]. Therefore, accurate identification of DN is critically
important to improve clinical prognosis and reduce the eco-
nomic burden. Although there have been many investiga-
tions on biomarkers for DN, there is no consistent
conclusion about reliable biomarkers.

Retinol-binding protein 4 (RBP4; formerly called RBP)
was identified in 2005 and is mainly synthesized in adipose

tissues and hepatocytes. It is a circulating transport protein
of retinol [5] and delivers retinol to tissues as a retinol-RBP
complex in circulation [6]. Several studies have revealed that
RBP4 increases the synthesis of the gluconeogenic enzyme,
phosphoenolpyruvate carboxykinase, and inhibits insulin
signaling in the muscle [7]. Moreover, the deletion of the
RBP4 gene can elevate insulin sensitivity [7]. Recent clinical
studies in adults have demonstrated that RBP4 levels were
associated with metabolic syndrome, obesity, insulin resis-
tance, and type 2 DM (T2DM) [7–10]. Furthermore, there
is some evidence that serum or plasma RBP4 levels were
increased in patients with advanced renal impairment of
T2DM [11, 12]. However, Akbay et al. [13] found that
although serum RBP4 concentrations were not significantly
higher in DM patients than in non-DM control subjects, they
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were significantly higher in the micro-macroalbuminuria
group than in the normal albuminuria group of DM patients
[13]. Raila et al. [14] also reported that kidney function could
be the leading determinant of serum RBP4 levels in T2DM
subjects. However, although albuminuria and kidney func-
tion appear to be related to serum RPB4 levels, no causal clin-
ical correlations have been established [11].

To our knowledge, a meta-analysis has not yet been per-
formed to explore the role of circulating RBP4 in T2DM sub-
jects with kidney diseases, although many studies of
circulating RBP4 and kidney diseases in T2DM patients have
been published. Hence, we conducted this study to systemat-
ically synthesize available evidence on circulating RBP4 in
the patients with DN and investigate the associations
between RBP4 concentrations and clinical indices of renal
function and albuminuria in patients with T2DM.

2. Materials and Methods

This review was conducted in conformity with the
Cochrane Handbook for Systematic Reviews of Interventions
guidelines [15].

2.1. Literature Search.We searched the PubMed, MEDLINE,
EMBASE, and Web of Science databases for publications in
all languages until June 12, 2020. We searched these data-
bases by using Medical Subject Headings terms and corre-
sponding keywords including “diabetes,” “diabetic
nephropathy,” “diabetic kidney disease,” “Retinol-binding
protein,” “RBP-4,” “estimated glomerular filtration rate
decline,” “renal function∗” OR “kidney disease,” “renal dys-
function,” “renal failure,” “predictor∗,” “correlated OR cor-
relation,” and “biomarker∗.”

2.2. Study Selection. Inclusion criteria are as follows: (i)
patients: adults who had been diagnosed with T2DM accord-
ing to the 1999 World Health Organization criteria [16]; (ii)
intervention and comparator: DM with albuminuria/chronic
kidney disease (CKD) and without albuminuria/CKD; in the
random spot collection, having an albumin-to-creatinine
ratio (ACR) of <30μg/mg was regarded as normal albumin-
uria, whereas 30–299μg/mg was evaluated as microalbumi-
nuria and ≥300μg/mg was considered as macroalbuminuria
[17]. The estimated glomerular filtration rate (eGFR) was
determined by using the Modification of Diet in Renal Dis-
ease Formula (MDRD-GFR) [18]; (iii) outcomes: RBP4 con-
centrations or correlation analysis with RBP4 and
eGFR/ACR; and (iv) study designs: randomized, controlled
trial or case-control trial or cross-sectional study.

Exclusion criteria are as follows: (i) type 1 DM; (ii)
patients with eGFR < 15mL/min/1:73m2, on regular dialy-
sis, with kidney transplantation, or with kidney disease other
than DN; and (iii) patients with active inflammatory disease
or a history of chronic disease of the pancreas and liver or
other diseases.

2.3. Data Extraction. All of the search results were imported
into the EndNote reference management software (Clarivate
Analytics). Duplicate records were removed by the software
and by manual checking. Two reviewers (L. Z. and S. X.)

independently screened the titles and abstracts of the remain-
ing records for relevance against the protocol criteria and
labeled these records as excluded, included, or uncertain. In
cases of uncertainty, the full texts were retrieved to check
the details. Any disagreements were resolved by consulting
a third reviewer (Z.-G. X.). The risk of bias of the included
studies was evaluated by using the relevant, validated tool
for each study design, and the risk of bias assessment was
independently confirmed.

2.4. Risk of Bias. Risk of bias of included trials was assessed
using the Newcastle-Ottawa Scale (NOS) [19]. We assessed
the publication bias by using Egger’s regression and Begg’s
rank correlation analysis with Stata/SE software (version
15.0). A significance set at P < 0:05 indicated that there was
a possibility of publication bias [15].

2.5. Statistical Analysis. Review Manager (RevMan) 5.3 soft-
ware (Nordic Cochrane Centre) was used for analysis. We
calculated the standardized mean difference (SMD) with
95% confidence intervals (CI) for continuous data when the
applied scales were different. We conducted the heterogene-
ity test across studies using the I2 statistic; P < 0:1 and I2 >
50% indicated existing statistical significance. If there was
obvious heterogeneity, we used a random-effects model; oth-
erwise, we chose a fixed-effects model [20]. We performed
sensitivity analysis by excluding one study at a time to test
its influence on the pooled effects. Subgroup analysis was also
used to reduce high levels of heterogeneity.

As the correlation coefficient r does not obey normal
distribution, when r > 0:5, Fisher proposed “Fisher’s Z
Transformation” to convert the correlation coefficient r
into a normally distributed variable Z [21]. The formulae
are as follows:

Fisher’sZ = 0:5 ∗ ln 1 + r
1 − r

, ð1Þ

SE =
ffiffiffiffiffiffiffiffiffiffi

1
n − 3

r

  n is the sample sizeð Þ, ð2Þ

Summary r = e2Z − 1
e2Z + 1  Z is the summary Fisher’sZ

� �

:

ð3Þ

Data were converted by using Excel 2019 Software.
Fisher’s Z value and the standard error (SE) were obtained
by using formulae (1) and (2). The summary Fisher’s Z
value was obtained by using the inverted variance method
in RevMan 5.3 software [22]. Finally, the combined effect
value of the correlation coefficient was obtained by using
formula (3) to evaluate the strength of the correlation
between RBP4 and DN. Generally, the range of absolute
values of summary r is used to judge the strength of cor-
relation of two variables: ≥0.8 is high correlation, 0.3–0.8
is moderate correlation, and ≤0.3 is low correlation [21].
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3. Results

3.1. Study Selection. We identified 277 articles by searching
the PubMed, MEDLINE, EMBASE, and Web of Science
databases. After excluding duplicated records and screening
the abstracts, we obtained 26 articles. Finally, we included
12 cross-sectional studies in our review (Figure 1).

This meta-analysis included a total of 3847 participants.
Two studies were conducted in Taiwan, China (n = 350)
[23, 24], one in Serbia (n = 106) [25], one in Saudi Arabia
(n = 2177) [26], one in Japan (n = 58) [27], one in Germany
(n = 97) [14], one in the Republic of Korea (n = 689) [28],
two in Turkey (n = 170) [13, 29], and three in Mainland
China (n = 382) [30–32]. Quality assessment of the included
studies was performed using the NOS (Table 1). The scores of
all the studies were greater than five, confirming the good
quality of the selected studies.

3.2. Albuminuria in DM. Five articles [13, 23, 26, 27, 30]
reported normal albuminuria and micro+macro albuminuria
in subjects with DM. Because the data of circulating RBP4
concentrations were on different scales, we selected SMD as
a summary statistic in our analysis. The RBP4 concentrations

in the micro+macro albuminuria group were significantly
higher than those in the normal albuminuria group in DM
patients [P = 0:001, SMD 1.07, 95% CI (0.41, 1.73)] and
showed significant heterogeneity (Figure 2(a)).

Six studies [14, 23, 26, 27, 30, 32], including 533 partici-
pants, reported circulating RBP4 concentrations in the
microalbuminuria and normal albuminuria groups. The
results of the analysis showed that the RBP4 concentrations
in the microalbuminuria group were significantly higher
than those in the normal albuminuria group of DM patients
[P = 0:005, SMD 0.73, 95% CI (0.22, 1.25)] (Figure 2(b)).
Four studies [23, 26, 27, 30], including 264 participants,
reported RBP4 concentrations in the macroalbuminuria
and microalbuminuria groups. There was a significant differ-
ence between the RBP4 concentrations in the macroalbumi-
nuria and microalbuminuria groups [P = 0:005, SMD 0.73,
95% CI (0.22, 1.25)] (Figure 2(c)). Compared with RBP4 con-
centrations in the normal control group (non-DM), the cir-
culating RBP4 concentrations in the macroalbuminuria and
microalbuminuria groups were elevated (P = 0:005, P = 0:04,
respectively). However, there was no significant difference in
the RBP4 levels between the normal albuminuria DM group
and the non-DM group.
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Records for screening (n = 159)

Full-text articles assessed for eligibility (n = 39)

Article included in this meta-analysis (n = 12)

Excluded:

Additional records identified
through other sources (n = 0)

(n = 277)

Not diabates (n = 38) 
Not RBP4 (n = 40) 
Review/meta-analysis (n = 12) 
Children (n = 4) 
Not related with kidney (n = 2) 
Animal (n = 7) 
Conference abstract (n = 11) 
Other reasons (n = 6) 

Excluded:
Urinary RBP (n = 5) 
Twin comparisor (n = 1) 
Not needed groups (n = 7) 
Incomplete data (n = 5) 
Children (n = 1) 
Others (n = 8) 

Figure 1: Flow chart of the study selection.
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3.3. Chronic Kidney Disease. Four trials, including 490 partic-
ipants, reported the circulating RBP4 concentrations in the
DM with CKD and DM without CKD groups [23, 25, 27,
29]. There was a significant difference in the RBP4 concen-
trations in the DM with CKD group compared with those
in the DM without CKD group (Figure 3) [P = 0:0009,
SMD 2.14, 95% CI (0.88, 3.40)].

3.4. Correlation Analysis between RBP4 and Kidney Disease.
To explore the relationship between circulating RBP4 con-
centration and kidney diseases, we performed a correlation
analysis between RBP4 and eGFR/ACR.

3.4.1. RBP4 and eGFR. Seven trials [24–29, 32] had per-
formed correlation analysis between circulating RBP4 con-
centrations and eGFR. We found that eGFR (total n = 1254;
Figure 4(a)) was negatively correlated with serum RBP4 con-
centrations in patients with T2DM [summary Fisher’s Z =
−0:48, 95% CI (-0.69, -0.26), P < 0:0001]. The summary r
was -0.45, indicating moderate correlation.

3.4.2. RBP4 and ACR. Five trials [24, 26, 28, 29, 31] per-
formed correlation analysis between serum RBP4 concentra-
tions and ACR. It was found that ACR (total n = 2072;
Figure 4(b)) was positively correlated with circulating RBP4
concentrations in patients with T2DM [summary Fisher’s
Z = 0:20, 95% CI (0.08, 0.32), P = 0:001]. The summary r
was 0.20, indicating low correlation.

3.5. Publication Bias. Egger’s regression and Begg’s rank cor-
relation analysis were performed to evaluate publication bias
(Table 2). The P values of all factors in the analysis were
greater than 0.05, indicating the absence of publication bias.

3.6. Sensitivity Analysis and Subgroup Analysis. There was
significant heterogeneity in all factors. We performed leave-
one-out sensitivity analysis to find possible reasons for this
heterogeneity. The heterogeneity of only two comparisons

can be obviously reduced when a single study is excluded.
After excluding the study by Mahfouz et al. [26], I2 of hetero-
geneity was reduced to 29% in the comparison of RBP4 con-
centrations in the macroalbuminuria and normal control
groups (Figure 5(a)) and to 20% in the correlation analysis
between RBP4 and ACR (Figure 5(b)). In the correlation
analysis of eGFR and RBP4, we performed subgroup analysis
according to whether the sample number n was greater than
100 or whether the sample was serum or plasma (Figures 6(a)
and 6(b)). However, we did not find the reasons for the
observed heterogeneity. This was true even for other compar-
isons in this meta-analysis (data not shown). However,
excluding each study, one by one, did not significantly
change the results, indicating that the combined results were
stable.

4. Discussion

In this meta-analysis, we found that RBP4 levels were signif-
icantly elevated in the micro-, macro-, and micro+macro
albuminuria groups compared with those in the normal albu-
minuria group of subjects with T2DM. Compared with the
non-DM control, the concentrations of RBP4 were increased
in the microalbuminuria and macroalbuminuria DM groups
but were similar in the normal albuminuria DM group. This
observation was not consistent with the findings of several
studies that had demonstrated that RBP4 was associated with
early diabetes even with isolated impairment of glucose toler-
ance [31, 32]. This could be attributed to the fact that the sub-
jects in both the non-DM and DM groups were obese [13].
Graham et al. [33] and Frey et al. [34] had previously
reported that the mean circulating RBP4 concentrations were
comparable in the non-DM obese and DM obese subjects. In
addition, Wang et al. [32] had speculated that the lack of any
significant difference between plasma RBP4 levels of T2DM
patients and normal control subjects could be because the
patients with simple T2DM had been recently diagnosed

Table 1: Characteristics of included studies.

Author Year Country/region Sample size
Sex (female/total) Age (year, mean ± SD)

Method Sample NOS
DM Control DM Control

Akbay 2010 Turkey 83 28/53 21/31 54:8 ± 8:2 45:6 ± 12:8 ELISA Serum 7

Chang 2008 Taiwan, China 111 54/95 11/16 63:5 ± 11:6 61:3 ± 5:4 ELISA Serum 8

Chu 2011 Taiwan, China 239 22/86 63/153 70 ± 11∗ 60 ± 12∗ ELISA Serum 8

Klisic 2020 Serbia 106 24/40 41/66 62:72 ± 8:31∗ 63:88 ± 5:13∗ ELISA Serum 7

Mahfouz 2016 Saudi Arabia 200 91/150 35/50 55 ± 6:2 45:1 ± 4:8 ELISA Serum 7

Masaki 2008 Japan 58 24/48 NA 59:9 ± 13:3 NA ELISA Plasma 7

Ni 2018 Mainland China 192 69/172 13/20 59:3 ± 13:6 58:0 ± 12:3 ELISA Serum 8

Park 2014 Republic of Korea 689 239/471 41/75 63:13 ± 9:93 40:28 ± 0:98 ELISA Serum 8

Raila 2007 Germany 97 32/62 21/35 NA 49 (21-71)# ELISA Plasma 7

Toruner 2011 Turkey 87 22/39 27/48 57:8 ± 10:0 56:3 ± 9:9 ELISA Serum 7

Wang 2013 Mainland China 190 37/120 NA 61:52 ± 14:07 NA ELISA Plasma 6

Xu 2017 Mainland China 1795 303/524 479/763 62:6 ± 9:3 61:2 ± 9:9 ELISA Serum 8

Abbreviations: DM: diabetes mellitus; NOS: Newcastle-Ottawa Scale; ELISA: enzyme-linked immunosorbent assay; NA: not available. Note: ∗DMmeans DM
with CKD, control means DM without CKD. #Data was expressed as median (range).
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0–1
Favours [experimental] Favours [control]

–2 1 2

Study or subgroup
Mean SD Total Mean SD Total

Weight
IV, random, 95% CI IV, random, 95% CI

Micro+macro Normal albuminuria Std. mean difference Std. mean difference

Akbay 2010
Chang 2008
Mahfouz 2016
Masaki 2008
Ni 2018

Total (95% CI)

65
60.13
34.15
30.75
49.01

31
25.56
9.54
6.24

16.65

30
55

100
28
81

294
Heterogeneity: tau2 = 0.50; chi2 = 44.06, df = 4 (P < 0.00001); I2 = 91%
Test for overall effect: Z = 3.19 (P = 0.001)

42
43.4
17.5
23.3
43

26
14.9
4.2
2.5
16

23
40
50
20
91

19.2%
20.5%
20.6%
18.4%
21.4%

224 100.0%

0.78 [0.22, 1.35]
0.76 [0.34, 1.19]
2.03 [1.62, 2.44]
1.45 [0.80, 2.10]
0.37 [0.06, 0.67]

1.07 [0.41, 1.73]

(a) Micro + macro vs normal albuminuria in DM

0–1
Favours [experimental] Favours [control]

–2 1 2

Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Micro Normal albuminuria Std. mean difference Std. mean difference

Chang 2008
Mahfouz 2016
Masaki 2008
Ni 2018
Raila 2007
Wang 2013

57.3
28.9
25.7
44

2.22
67.79

24.2
8.26
3.4
11

2.77
23

34
50
14
52
26
50

43.4
17.5
23.3
43

1.75
49.02

14.9
4.2
2.5
16

3.11
16.18

40
50
20
91
36
70

16.8%
16.9%
14.2%
18.0%
16.5%
17.6%

226 307 100.0%

0.70 [0.23, 1.17]
1.73 [1.26, 2.19]
0.81 [0.10, 1.52]

0.07 [–0.27, 0.41]
0.16 [–0.35, 0.66]
0.97 [0.58, 1.35]

0.73 [0.22, 1.25]Total (95% CI)
Heterogeneity: tau2 = 0.36; chi2 = 38.46, df = 5 (P < 0.00001); I2 = 87%
Test for overall effect: Z = 2.78 (P = 0.005)

(b) Micro vs normal albuminuria in DM

0–1
Favours [experimental] Favours [control]

–2 1 2

Study or subgroup
Mean SD Total Mean SD Total

Weight
IV, random, 95% CI IV, random, 95% CI

Macro Micro Std. mean difference Std. mean difference

Total (95% CI)
Heterogeneity: tau2 = 0.42; chi2 = 18.55, df = 3 (P < 0.0003); I2 = 84%
Test for overall effect: Z = 3.28 (P = 0.001)

Chang 2008
Mahfouz 2016
Masaki 2008
Ni 2018

64.7
39.4
35.8
58

27.6
7.7
3.8
21

21
50
14
29

114

57.3
28.9
25.7
44

24.2
8.26
3.4
11

34
50
14
52

26.3%
28.0%
18.3%
27.4%

150 100.0%

0.29 [–0.26, 0.83]
1.30 [0.87, 1.74]
2.72 [1.65, 3.79]
0.91 [0.43, 1.38]

1.19 [0.48, 1.89]

(c) Macro vs micro albuminuria in DM

0–0.5

Favours [experimental] Favours [control]

–1 0.5 1

Study or subgroup
Mean SD Total Mean SD Total

Weight
IV, random, 95% CI IV, random, 95% CI

Normal albuminuria Non-DM control Std. mean difference Std. mean difference

Akbay 2010
Chang 2008
Mahfouz 2016
Ni 2018
Raila 2007
Wang 2013

42
43.4
17.5
43

1.75
49.02

26
14.9
4.2
16

3.11
16.18

23
40
50
91
36
70

310

45
32.6
14.4
41.5
1.59

53.04

27
10

1.95
15

2.96
11.4

30
16
50
20
35
70

15.7%
14.9%
17.5%
16.5%
16.8%
18.6%

221 100.0%

–0.11 [–0.65, 0.43]
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Figure 2: Continued.
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and might have a relatively short duration of insulin resis-
tance (IR). Thus, the presence of albuminuria was an inde-
pendent determinant for elevated circulating RBP4 levels in
diabetic patients [13].

RBP4 levels have been found to be significantly increased
in a T2DM group with CKD and low eGFR compared with
the non-CKD group of subjects with T2DM in this article.
Levels of adipocytokines, such as adiponectin and leptin,
were elevated in renal failure [35–37]. Similarly, circulating
RBP4 levels in subjects with T2DM and advanced kidney dis-
eases were significantly higher than those in patients without
kidney diseases [27]. One explanation is that reduced clear-
ance or catabolism of RBP4 by the kidney may result in the
accumulation of RBP4 in circulation [27]. Moreover, multi-
ple stepwise linear regressions in the study by Chang et al.
[23] for RBP4 after adjustment for age and gender showed

that eGFR was independently and negatively correlated with
serum RBP4 levels in subjects with T2DM (β = −0:003, P <
0:001). Thus, eGFR is another independent determinant for
elevated circulating RBP4 levels in diabetic patients.

Furthermore, a strong correlation was reported between
eGFR/ACR and circulating RBP4 concentrations in subjects
with T2DM in our article. This is consistent with the results
of the meta-analysis by Park et al. [38] in which they found
two studies that reported that the creatinine clearance rate
and eGFR were negatively correlated with RBP4 levels and
that creatinine levels were positively correlated with serum
RBP4 levels [38]. The summary correlation coefficient for
eGFR was -0.39 (95% CI (-0.44, -0.33)) in the study by Park
et al. [38], which is similar to -0.48 (95% CI (-0.69, -0.26))
reported by us. However, Park et al. [38] did not show any
correlation between ACR and circulating RBP4 levels. Our
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Figure 2: Meta-analysis forest plot of different albuminuria in DM.
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Figure 3: Meta-analysis forest plot of the circulating RBP4 concentrations in the DM with CKD and DM without CKD groups.
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analysis showed a poor correlation between RBP4 concentra-
tions and ACR with a summary correlation coefficient of
0.20. Better correlation was observed between circulating
RBP4 levels and eGFR than with ACR.

Albuminuria and renal dysfunction are the most com-
mon clinical manifestations of DN in patients with T2DM.
Our meta-analysis revealed that circulating RBP4 levels were
elevated only in patients with diabetic kidney diseases, rather
than in simple diabetes subjects without DN. There may be
two reasons to explain these differences in circulating RBP4
levels in diabetic subjects with and without kidney diseases.

First, hepatocytes and adipocytes are important sites of syn-
thesis of RBP4, whereas the kidneys are important sites of
catabolism of circulating RBP4 [39]. Maintenance of retinol
homeostasis throughout the body is mediated by filtration
through the glomeruli and subsequent reabsorption of
RBP4 in the proximal tubule tissues. Thus, reduced catabo-
lism resulting frommicrovascular damage in the kidney leads
to a gradual elevation in the plasma RBP4 concentration and
hence to higher levels in subjects with DN than in T2DM
patients without DN. Second, RBP4 is a novel adipokine
whose increased circulating levels are linked to IR in patients
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Figure 4: Meta-analysis forest plot of correlation between RPB4 and eGFR (a) and between RBP4 and ACR (b).

Table 2: Egger’s test and Begg’s test for publication bias.

Factors
Egger’s test Begg’s test

t P 95% CI P > ∣Z ∣
Micro- vs. normal albuminuria 0.58 0.593 -12.5805 19.23444 1.00

Micro+macro- vs. normal albuminuria 0.89 0.439 -13.51018 24.01409 0.462

Micro- vs. macroalbuminuria 0.90 0.464 -16.12686 24.6385 1.000

Normal albuminuria vs. control 0.82 0.460 -9.797105 17.95984 0.707

Microalbuminuria vs. control 0.22 0.837 -22.71148 26.60553 0.707

Macroalbuminuria vs. control 0.92 0.526 -375.3805 434.11 0.296

CKD vs. non-CKD 1.68 0.236 -13.13514 29.90505 0.734
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with diabetic kidney diseases [33]. This can attributed to
increased synthesis of the gluconeogenic enzyme, phospho-
enolpyruvate carboxykinase, and glucose transporter-4, inhi-
bition of insulin signaling, and impairment of glucose uptake
in skeletal muscle cells, leading to higher glucose production
in the liver [7, 30]. Thus, the development of IR may cause
the deterioration of microvascular injury in the kidneys and
lead to further decline in renal function [31]. Moreover, in
Park et al.’s study, higher circulating RBP4 levels were
accompanied by increased urinary RBP4 levels [28] with a
correlation coefficient of 0.132 (P = 0:001). However, this
relationship between serum and urinary RPB4 concentra-
tions needs to be investigated further. The present meta-
analysis revealed that circulating RBP4 levels were associated
with renal dysfunction related to DM, which should be fur-
ther investigated experimentally.

Moreover, many researchers have explored the role of
RBP4 in DM and other diseases. Li et al. [40] reported that
plasma RBP4 levels were correlated with the incidence of dia-
betic retinopathy. They deduced that RBP4 may play a role in
the pathogenesis of diabetic retinopathy and that lowering
RBP4 levels may be a novel treatment strategy for diabetic
retinopathy. Li et al. [41] found that childhood RBP4 levels
were correlated with the 10-year risk estimates for IR and
metabolic syndrome and that RBP4 may be an early bio-
marker for metabolic syndrome. Fan et al. [42] showed that
the relationship between serum RBP4 levels and the risk of
incident T2DM in subjects with prediabetes was U-shaped,

with even low RBP4 concentrations being associated with
an elevated risk of DM in subjects with prediabetes. Habashy
et al. [43] showed that plasma RBP4 levels were not elevated
in DM patients, whereas the RBP-to-retinol ratio was
increased. Furthermore, Wessel et al. [44] found that plasma
RBP4 levels were correlated with levels of large very low-
density lipoprotein cholesterol and small low-density lipo-
protein particles, indicating a possible involvement of RBP4
in the proatherogenic plasma lipoprotein profiles in subjects
with T2DM and even without T2DM. Wang et al. [45]
showed that higher levels of serum RBP4 could be a predictor
for poor metabolic control in subjects with T2DM and
were related to an increased risk of hypertension and dys-
lipidemia. Several other studies have shown that RBP4
concentrations were correlated with incident cardiovascu-
lar diseases [46–49]. Some studies have reported the corre-
lation between RBP4 and obesity [49–51] as well as
nonalcoholic fatty liver disease [52–55]. Thus, RBP4 may
play a more important role in a variety of metabolism-
related diseases than we thought earlier.

This meta-analysis is the first to present the role of cir-
culating RBP4 in kidney diseases in subjects with T2DM.
Most of the trials included in the analysis were of high
quality. Moreover, there was no publication bias in any
of the comparisons. However, there were some limitations
of our study. Firstly, the sample size was small, and some
critical data had not been presented in the publications.
For example, only one study performed ROC analysis of
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Figure 5: Meta-analysis forest plot sensitivity analysis.
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prediction for eGFR [25] and another one for albuminuria
[26]. Hence, we could not perform a pooled analysis for
sensitivity and specificity in the diagnosis of eGFR and
albuminuria. Secondly, the heterogeneity in this meta-
analysis was obvious, although the sensitivity analysis indi-
cated that the results were stable. The serum or plasma
RBP4 concentrations had been measured by using differ-
ent reagent kits, and the diagnostic thresholds of the var-
ious studies were not consistent. Additionally, there were
some differences in the inclusion criteria of each study.
All of these aspects may contribute to the heterogeneity

in our results. Finally, all of the included studies were
cross-sectional. To address the effects of RBP4 levels on
the development of DN, we need more prospective longi-
tudinal studies.

In summary, the levels of circulating RBP4 were sig-
nificantly higher both in T2DM subjects with micro/ma-
croalbuminuria and in T2DM subjects with declined
eGFR. The levels of circulating RBP4 were positively cor-
related with ACR but negatively correlated with eGFR.
Circulating RBP4 could be a reliable biomarker for kid-
ney diseases in T2DM.

0–0.5

Favours [experimental] Favours [control]

–1 0.5 1

Study or subgroup Fisher´s Z SE Weight
IV. random. 95% CI

Fisher´s Z
IV. random. 95% CI

Fisher´s Z

5.1.1 n < 100
Masaki 2008
Toruner 2011

–0.4935
–0.2132

0.1348
0.1091

13.1%
14.1%

–0.49 [–0.76, –0.23]
–0.21 [–0.43, –0.00]

27.2% –0.34 [–0.62, –0.07]Subtotal (95% CI)
Heterogeneity: tau2 = 0.02; chi2 = 2.61, df = 1 (P = 0.11); I2 = 62%
Test for overall effect: Z = 2.45 (P = 0.01)

Heterogeneity: tau2 = 0.09; chi2 = 66.59, df = 4 (P < 0.00001); I2 = 94%
Test for overall effect: Z = 3.70 (P = 0.0002)

Subtotal (95% CI)

Total (95% CI)
Heterogeneity: tau2 = 0.07; chi2 = 69.64, df = 6 (P < 0.00001); I2 = 91%
Test for overall effect: Z = 4.33 (P < 0.0001)

5.2.1 n > = 100
Chu 2011
Klisic 2020
Mahfouz 2016
Park 2014
Wang 2013

–0.5682
–0.9822
–0.3161
–0.2059
–0.586

0.0651
0.0985
0.1015
0.0405
0.1459

15.4%
14.4%
14.3%
16.0%
12.7%
72.8%

–0.57 [–0.70, –0.44]
–0.98 [–1.18, –0.79]
–0.32 [–0.52, –0.12]
–0.21 [–0.29, –0.13]
–0.59 [–0.87, –0.30]
–0.53 [–0.80, –0.25]

100.0% –0.48 [–0.69, –0.26]

Test for subaroup difference : chi2 = 0.85, df = 1 (P = 0.36); I2 = 0%

(a)

0–0.5

Favours [experimental] Favours [control]

–1 0.5 1

Study or subgroup Fisher´s Z SE Weight
IV. random. 95% CI

Fisher´s Z
IV. random. 95% CI

Fisher´s Z

Total (95% CI)

Heterogeneity: tau2 = 0.09; chi2 = 66.60, df = 4 (P < 0.00001); I2 = 94%
Test for overall effect: Z = 3.33 (P = 0.0009)

Subtotal (95% CI)

Heterogeneity: tau2 = 0.07; chi2 = 69.64, df = 6 (P < 0.00001); I2 = 91%
Test for overall effect: Z = 4.33 (P < 0.0001)

7.1.1 serum
Chu 2011
Klisic 2020
Mahfouz 2016
Park 2014
Toruner 2011

–0.5682
–0.9822
–0.3161
–0.2059
–0.2132

0.0651
0.0985
0.1015
0.0405
0.1091

15.4%
14.4%
14.3%
16.0%
14.1%
74.2%

–0.57 [–0.70, –0.44]
–0.98 [–0.18, –0.79]

7.1.2 Plasma
Masaki 2008
Wang 2013

–0.4935
–0.586

0.1348
0.1459

13.1%
12.7%

–0.49 [–0.76, –0.23]
–0.59 [–0.87, –0.30]

–0.32 [–0.52, –0.12]
–0.21 [–0.29, –0.13]
–0.21 [–0.43, –0.00]
–0.46 [–0.72, –0.19]

Heterogeneity: tau2 = 0.00; chi2 = 0.22, df = 1 (P < 0.64); I2 = 0%
Test for overall effect: Z = 5.41 (P < 0.00001)

Subtotal (95% CI) 25.8% –0.54 [–0.73, –0.34]

100.0% –0.48 [–0.69, –0.26]

Test for subaroup differences : chi2 = 0.23, df = 1 (P < 0.63); I2 = 0%

(b)

Figure 6: Subgroup analysis.
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Background and Objective. The excitotoxicity of glutamate (Glu) is a major risk factor for neonatal hypoxic-ischemic brain damage
(HIBD). The role of excitatory amino acid transporter 2 (EAAT2) and the α-amino-3-hydroxy-5-methyl-4-isoxazole-proprionic
acid receptor (AMPAR) subunit GluR2 in mediating the Glu excitotoxicity has always been the hotspot. This study was aimed
at investigating the early changes of glutamate metabolism in the basal ganglia following hypoxia-ischemia (HI) in a neonatal
piglet model using 1H-MRS. Methods. Twenty-five newborn piglets were selected and then randomly assigned to the control
group (n = 5) and the model group (n = 20) subjected to HI. HI was induced by blocking bilateral carotid blood flow under
simultaneous inhalation of a 6% oxygen mixture. 1H-MRS data were acquired from the basal ganglia at the following time
points after HI: 6, 12, 24, and 72 h. Changes in protein levels of EAAT2 and GluR2 were determined by immunohistochemical
analysis. Correlations among metabolite concentrations, metabolite ratios, and the protein levels of EAAT2 and GluR2 were
investigated. Results. The Glu level sharply increased after HI, reached a transient low level of depletion that approached the
normal level in the control group, and subsequently increased again. Negative correlations were found between concentrations
of Glu and EAAT2 protein levels (Rs = −0:662, P < 0:001) and between the Glu/creatine (Cr) ratio and EAAT2 protein level
(Rs = −0:664, P < 0:001). Moreover, changes in GluR2 protein level were significantly and negatively correlated with those in Glu
level (the absolute Glu concentration, Rs = −0:797, P < 0:001; Glu/Cr, Rs = −0:567, P = 0:003). Conclusions. Changes in Glu level
measured by 1H-MRS were inversely correlated with those in EAAT2 and GluR2 protein levels following HI, and the results
demonstrated that 1H-MRS can reflect the early changes of glutamatergic activity in vivo.

1. Introduction

The excitatory amino acid glutamate (Glu) is a major excit-
atory neurotransmitter in the central nervous system of
mammals and has a crucial role in maintaining normal brain
function. Under normal physiological conditions, the Glu
level in extracellular fluid is only 0.5-5μM [1]. Astrocytes
maintain a low Glu level in extracellular fluid and prevent
Glu excitotoxicity and abnormal synaptic transmission. Glial
fibrillary acidic protein (GFAP) is widely recognized as a spe-
cific molecular marker of astrocytes, as it is the protein
mostly related to astrocytic functions [2, 3]. The excitatory
amino acid transporter 2 (EAAT2, also called glutamate
transporter 1 (GLT-1) in rodents) on the astrocyte cell mem-
brane is responsible for the majority of Glu transport in the

body [4, 5]. Glu released by presynaptic neurons enters into
astrocytes by reuptake and is transformed into the nonexcita-
tory amino acid glutamine (Gln) by glutamine synthetase,
which subsequently undergoes uptake by presynaptic
neurons to complete the Glu-Gln cycle [6].

Exposure to hypoxia-ischemia (HI) injury induces sub-
stantial Glu release from presynaptic neurons [7] and impairs
the activity of Glu reuptake systems. Consequently, excessive
Glu accumulate in the synaptic spaces and bind with gluta-
mate receptors located on the postsynaptic neural mem-
branes, which results in excitotoxicity. The main excitatory
ionotropic glutamate receptors are theN-methyl-D-aspartate
acid receptor (NMDAR) [8] and the α-amino-3-hydroxy-5-
methyl-4-isoxazole-proprionic acid receptor (AMPAR) [9].
The NMDAR and AMPAR can be activated by excess Glu,
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and they have crucial roles in mediating Glu excitotoxicity
[8–10]. Most studies have focused on determining the mech-
anism of NMDAR mediation of Glu excitotoxicity in
hypoxic-ischemic brain damage (HIBD). Subsequent
research proposed the “GluR2 hypothesis” [9], which con-
siders that HI-induced structural changes in AMPAR medi-
ate neuronal injury. The GluR2 subunit is an important
functional moiety of the AMPAR; GluR2 determines the
Ca2+ permeability of AMPAR [11–13] and is involved in
mediating Glu excitotoxicity.

The occurrence of HIBD in perinatal newborns generally
injures specific brain regions. The deep gray matter nuclei are
very easily injured by HI [14], and the basal ganglia are highly
susceptible to Glu excitotoxicity [15]. The immature brain of
infants is more susceptible to Glu excitotoxicity than the
mature adult brain [14–16]. HIBD is an important cause of
permanent dysfunction and death of perinatal newborns,
occurring approximately 2-3 per 1000 term births [17],
which affects both the families and society. No therapeutic
strategies have been developed to effectively improve the
quality of life and the survival of these patients.

The present study was aimed at investigating the gluta-
mate metabolism alterations in the basal ganglia using 1H-
MRS following HI insult in a piglet model and preliminarily
exploring the possible mechanisms of Glu excitotoxicity.

2. Materials and Methods

2.1. Experimental Animals. All animal experiments were per-
formed in accordance with the Regulations for the Adminis-
tration of Affairs Concerning Experimental Animals (http://
www.asianlii.org/cn/legis/cen/laws/rftaoacea704/). The pro-
tocol was approved by the Animal Ethics Committee of
Shengjing Hospital of China Medical University, Shenyang,
China. Twenty-five newborn male Yorkshire piglets (P3-5,
body weight: 1.5-2.0 kg) were selected from the Laboratory
Animal Center and then randomly assigned to the control
group (sham-operation group, n = 5) and the HI model
group (n = 20). The HI model group was allocated into four
subgroups with differing assessment times after HI-induced
brain injury: 6, 12, 24, and 72 h (n = 5 piglets per group).
The experimental animals were maintained with unlimited
food and water in a quiet and warm environment.

2.2. Preparation of Animal Models. The newborn piglets in
the model group were initially anesthetized with intramuscu-
lar injection of 0.6mL/kg xylazine hydrochloride. After anes-
thesia, the animals were fixed on the operation bench in a
supine position. Heating pads were employed during surgery
to maintain body temperature at 37 ± 0:5°C. Tracheal intuba-
tion (φ 2.5mm) was performed, and then, each piglet was
connected to a TKR-200C small animal ventilator for
mechanical ventilation with 100% oxygen and the following
ventilator parameters: inspiration/expiration ðI/EÞ = 1 : 1:5
(respiration ratio) and respiration rate = 30/min. The heart
rate and oxygen saturation of blood were monitored contin-
uously using a TuffSat handheld pulse oximeter (GE Health-
care, Milwaukee, Wisconsin, USA). The incision site and
adjacent skin were disinfected, and the piglets were subjected

to a middle anterior neck incision. Bilateral common carotid
arteries were isolated from adjacent internal jugular veins
and vagus nerves. After the condition of the animal was sta-
ble for 40min, the bilateral common carotid arteries were
occluded using small arterial clamps. Then, a gas mixture
containing 6% oxygen and 94% nitrogen was inhaled
mechanically for 40min. After 40min, the small artery
clamps on the bilateral common carotid arteries were
removed, and blood flow was recovered. Simultaneously,
oxygen (100%) was mechanically inhaled again, and the inci-
sion was stitched. After the operation, each piglet was trans-
ferred to an incubator (37°C) to maintain normal body
temperature during postsurgical recovery. Piglets in the
control group (pseudooperation group) underwent the same
presurgical preparation as those in the model group but were
not subjected to the HI induction procedures.

All operations were conducted under effective analgesia
and anesthesia to reduce animal suffering.

2.3. Magnetic Resonance Imaging. The MRI examination was
conducted for all animals in both the sham-operation and
model groups. The piglets were anesthetized with xylazine
hydrochloride. Then, the animals were placed in a supine
position with a special foam pad around their heads to keep
the head centered. Then, the following scans were performed:
conventional fast-field echo (FFE) T1-weighted imaging
(T1WI) (repetition time (TR)/echo time (TE), 200/2.3ms;
matrix, 224 × 162; and slice thickness, 5mm) and turbo
spin-echo (TSE) T2-weighted imaging (T2WI) (TR/TE,
5000/80ms; matrix, 224 × 162; and slice thickness, 5mm).
MRI scans were performed using the Philips Achieva 3.0T
MRI system (Best, Netherlands) with 8-channel phase array
head coils. The newborn piglets were also carefully wrapped
in thick quilts to maintain temperature.

1H-MRS scans were performed using a point-resolved
spectroscopy (PRESS) sequence for single-voxel acquisition
(TR, 2000ms; TE, 37ms; samples, 1024; bandwidth,
2000Hz; and NSA, 64). A short TE sequence (TE = 37ms)
was utilized for better demonstration of the Glu peak, which
could reduce the impact of relaxation effect, obtaining a bet-
ter spectrum. Automatic shimming was completed before
scanning. The location was determined at the level of the
basal ganglia by axial T2WI, and the volume of interest
(VOI) of 10 × 10 × 10mmwas placed in the left basal ganglia.
Care was taken to avoid noise caused by the surrounding
areas, such as cerebrospinal fluid, blood vessels, fat, and air.
The saturation band was placed at an area outside the VOI,
and field shimming and water-suppressing operations were
performed within the VOI, achieving full width at half
maximum ðFWHMÞ ≤ 10Hz and water suppression > 98%
and allowing subsequent collection of spectral data. The basal
ganglia were selected as the region of interest (ROI) because
they are one of the most susceptible regions to HIBD in
newborns.

2.4. 1H-MRS Postprocessing and Data Analysis. Spectral raw
data obtained by 1H-MRS scanning were quantitatively ana-
lyzed using linear combination model software (LCModel,
version 6.3-1B, S.W. Provencher) [18]. This popular software
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for quantitative analysis of spectral data employs a black box
operation that allows automatic averaging of the original
spectral images, baseline correction and smoothing, phase
correction, metabolite identification, and finally acquisition
of data for different metabolites. The absolute quantities of
metabolites were obtained, and the Cramér-Rao lower
bounds (CRLBs) were calculated; these were used as an index
of metabolite quantification to evaluate the reliability of the
fitted results. Spectra were fitted with a chemical shift at
approximately 0.2-4.0 ppm (ppm = 10−6) using the LCModel
software. The final simulated spectra included the following
17 metabolites: alanine (Ala), aspartate (Asp), creatine (Cr),
phosphocreatine (PCr), γ-aminobutyric acid (GABA), glu-
cose (Glc), Glu, Gln, glycerophosphorylcholine (GPC), phos-
phorylcholine (PCho), glutathione (GSH), inositol (Ins),
lactic acid (Lac), N-acetylaspartate (NAA), N-acetylaspartyl-
glutamate (NAAG), scyllitol (Src), and taurine (Tau). The
baseline setting of the basic set also included macromolecules
and lipids. Only the spectrum data with CRLBs < 50% and
generally <25% and signal‐to‐noise ratio ðSNRÞ ≥ 5 were
included in the statistical analysis.

We analyzed the levels of Glu, Gln, Glx (Glu+Gln com-
plex), NAA (NAA+NAAG), choline-containing compounds
(Cho) (GPC+PCho), and Cr (Cr+PCr), and the total
amounts were used for NAA, Cho, and Cr to guarantee the
reliability of data. Glu generates complex signals at approxi-
mately 2.04-2.35 ppm and 3.75 ppm with a prominent peak
at 2.35 ppm. Neurotoxicity occurs when the Glu content
exceeds the physiological demand of Glu for neurotransmis-
sion. Gln, which is an intermediate metabolite supporting
multiple pathways of energy metabolism and neurological
transmission, forms resonance peaks at 2.45, 3.78, and
2.15 ppm. Although the J-coupling effect between Glu and
Gln causes their peaks to overlap with each other, we found
that the software could correctly separate them to a certain
extent. Therefore, qualitative analysis was carried out for
Glu and Gln individually. The main NAA peak is at
2.02 ppm, which reflects the mitochondrial functions of neu-
rons [19]. Cho is an important cell membrane phospholipid,
and its main peak is at 3.20 ppm. The predominant Cr peaks
are at 3.03 and 3.94 ppm; Cr is important for energy metabo-
lism in neurons and the astrocyte cytoplasm.

In this study, the absolute concentrations of Glu, Gln,
Glx, NAA, Cho, and Cr in the basal ganglia were analyzed.
Additionally, we measured the Glu/Cr, Gln/Cr, Glx/Cr,
NAA/Cr, and Cho/Cr concentration ratios (namely, the
relative concentration) which were also provided by the
LCModel software.

2.5. Histological Examination. After the MRI examination
was completed at the specified time points, the newborn pig-
lets were immediately sacrificed and their brains were rapidly
collected for pathological examination. The brains were fixed
in 10% formaldehyde solution for 48h and then sectioned at
a coronal plane. Then, sections containing the basal ganglia
were embedded in paraffin and thin-sectioned with 4μm
thickness for conventional hematoxylin-eosin (HE) and
immunohistochemical (IHC) staining.

The HE-stained brain sections were evaluated under a
light microscope for pathological changes in the basal gan-
glia. The brain changes were assessed and scored with refer-
ence to the brain pathological evaluation standards of Li
et al. [20]: a score of 0-6 for nervous pathological injury, with
0-3 for cerebral edema (0, none; 1, mild; 2, moderate; and 3,
severe) and 0-3 for nerve cell injury and necrosis (0, none; 1,
mild; 2, moderate; and 3, severe). The total score was the sum
of individual scores, and a higher total score indicated more
severe injury. Brain edema includes cytotoxic edema and
vasogenic edema. Cell necrosis includes the death of individ-
ual cells, groups of cells, and all cells in a certain region. The
evaluation was conducted by an experienced professional
physician who was blinded to the experimental grouping,
and it was based on the observation of cell morphological
changes under the light microscope (400x magnification).

IHC staining procedures were as follows. The paraffin
sections were incubated with 3% H2O2 at room temperature
for 15min to block endogenous peroxidase activity and then
blocked with 5% normal goat serum at room temperature for
30min. Thereafter, these sections were incubated overnight
at 4°C with the following primary antibodies: rabbit anti-
GFAP (1: 1000, Abcam), rabbit anti-EAAT2 (1 : 200, Abcam),
and mouse anti-GluR2 (1 : 100, Abcam). Then, the sections
were washed, incubated with biotinylated anti-rabbit/mouse
immunoglobulin G at 37°C for 1 h, developed with DAB,
counterstained with hematoxylin, and mounted with neutral
balsam. The prepared sections were observed under light
microscopy for staining of the basal ganglia. Phosphate-
buffered saline was used instead of primary antibodies for
negative controls, and other procedures were the same. After
the addition of the secondary antibodies, all procedures were
performed while protecting the sections from light. All
images were analyzed with the image analysis system. Five
fields (400x magnification) were randomly selected to mea-
sure the optical density of antibody binding, and the mean
optical density (OD) was used as the measured value
(arbitrary units) of GFAP, EAAT2, and GluR2 expression.

2.6. Statistical Analysis. The homogeneity of data variance
was analyzed by the Levene test. The homogeneity of vari-
ance determined via multigroup comparison was analyzed
by one-way ANOVA. The heterogeneity of variance was ana-
lyzed by Welch’s t-test. The categorical data was analyzed by
the Kruskal-Wallis test. Correlations between spectral data
and pathological results were analyzed using the Spearman
correlation analysis with Rs as the correlation coefficient.
SPSS v. 20.0 statistical software (IBM, NY, USA) was used
for all analyses. All statistical tests were two-tailed, with P
< 0:05 considered statistically significant.

3. Results

3.1. HI-Induced Changes in Neuron and Astrocyte
Morphologies in the Basal Ganglia. In the control group, neu-
rons were regularly arranged, with normal cell morphology,
rich cytoplasm, and clear nuclei. Astrocytes have low
GFAP-positive response, light staining, small cell volume,
slender and short protrusions, and sparse distribution.
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However, in the HI model group, the number of GFAP-
positive cells increased, the staining was deep, the cell body
was large, and the protrusions grew thick. The HI-treated
neurons and astrocytes displayed the following changes at
specific time points: at 6 h after HI, neurons did not display
any significant morphological changes; at 12 h, many astro-
cytes were swollen and displayed a lightly stained cytoplasm
and vacuoles; at 24 h, many neurons and astrocytes were
swollen; and at 72 h, astrocytes were clearly swollen and
degenerated, the neuronal cell membrane was damaged,
and nuclei were swollen and lightly stained (Figures 1 and
2). The pathological damage of brain tissues became more
severe over time. The pathological scores at various time
points are presented in Table 1.

3.2. HI-Induced Changes in GFAP, EAAT2, and GluR2
Expression in the Basal Ganglia. GFAP, as a biomarker pro-
tein of astrocytes, changed significantly after HI. The results
showed an increase in expression levels of GFAP immuno-
staining observed after HI in comparison to the control
group. And there were statistically significant differences in
HI insult 12 h, 24 h, and 72 h subgroups with respect to the
control group (both P < 0:05) (Figure 2).

In the normal control group, EAAT2 was mainly
expressed in the plasma membranes of cells. HI caused sig-
nificant changes in the expression of EAAT2. The EAAT2
expression level in the basal ganglia was significantly lower
in the HI insult 6 h subgroup than in the control group
(P = 0:001). Then, EAAT2 expression tended to markedly
increase in the 12 h subgroup and thereafter decreased again
(Figure 3). There was a statistically significant difference
between EAAT2 expression in the 12 h subgroup, the 72 h
subgroup, and the control group (P < 0:001 or P = 0:033).

The GluR2 protein level in the basal ganglia decreased
significantly over time after HI compared with that in the
control, and the differences were statistically significant (both
P < 0:05) (Figure 4). The results also indicated that the GluR2
protein level was negatively correlated with the severity of
pathological lesions (Rs = −0:876, P < 0:001) and the GluR2
expression was lower when HI-induced brain damage was
more severe.

3.3. 1H-MRS Results. The results in Figure 5 showed the
changes of metabolites by 1H-MRS. Compared with the con-
trol group, the absolute Glu concentrations markedly chan-
ged over time after HI insult (Figure 5(c)). The Glu levels
showed a biphasic change. The Glu concentrations clearly
increased at 6 h after HI treatment and then reached a tran-
sient minimum at 12 h that was approaching the level in
the control group and then increased again at 24 h. There
were statistically significant differences in Glu concentrations
between the various groups (F = 14:781, P < 0:001). The
intergroup analysis indicated that there were significant dif-
ferences between the control and HI groups at 6, 12, 24,
and 72h after HI injury (P < 0:001, P = 0:017, P < 0:001,
and P < 0:001, respectively) and between HI groups at 12 h
versus 6, 24, and 72 h (P = 0:008, P = 0:001, and P = 0:013),
but there were no significant differences between other sub-
groups. The trend of the absolute concentration of Glx was

similar to that of Glu, which was significantly elevated at
6 h, 24 h, and 72 h after HI when compared with the control
group (both P < 0:05). The Cho concentrations appeared to
increase over time after the HI insult. There were significant
differences between the 24h and 72h HI subgroups and the
control group (P = 0:006 and P = 0:006, respectively). More-
over, significant correlations were found between Cho con-
centrations and the pathological scores (Rs = 0:703,
P < 0:001). While there were no differences in the absolute
concentrations of Gln, NAA or Cr was observed between
the different groups (F = 0:360, P > 0:05; F = 1:382, P >
0:05; and F = 1:965, P > 0:05).

Changes in Glu/Cr and Glx/Cr ratios were similar to the
changes in the Glu or Glx concentrations (Figure 5(d)). This
study also analyzed the changes in NAA/Cr and Cho/Cr
ratios. NAA/Cr gradually declined over time after HI insult,
with statistically significant differences observed between
the 72 h HI subgroup and the control group (P = 0:003).
The results also indicated that changes in NAA/Cr were neg-
atively correlated with the severity of pathological lesions in
the basal ganglia (Rs = −0:456, P = 0:022). There was a simi-
lar change in Cho/Cr concentration ratios with the absolute
Cho concentrations. The increase in Cho/Cr ratios in the
12 h, 24 h, and 72 h HI subgroups was considered to have sta-
tistically significant difference as compared with the control
group (P = 0:020, P = 0:004, and P = 0:010, respectively).
And the Cho/Cr ratio showed a significant correlation with
the pathological scores (Rs = 0:638, P = 0:001).

3.4. Correlations among HI-Induced Changes in GluR2,
EAAT2, and Glu Levels in the Basal Ganglia. After HI insult,
the changes in Glu concentrations and the dynamic changes
in EAAT2 expression were significantly negatively correlated
in the basal ganglia (Rs = −0:662, P < 0:001), and changes in
the Glu/Cr ratios were significantly negatively correlated
with EAAT2 expression (Rs = −0:664, P < 0:001)
(Figures 6(a) and 6(b)). However, there was no significant
correlation between the absolute concentration of Glx, the
Glx/Cr ratio, and the expression of EAAT2 (Rs = −0:346, P
> 0:05; Rs = −0:338, P > 0:05) (Figures 6(c) and 6(d)).

Moreover, the absolute Glu concentrations and GluR2
protein expression level in the basal ganglia were significantly
correlated (Rs = −0:797, P < 0:001), as were the Glu/Cr ratio
and GluR2 protein level (Rs = −0:567, P = 0:003)
(Figures 6(e) and 6(f)). Similarly, the absolute concentration
of Glx and the Glx/Cr ratio were negatively correlated with
GluR2 expression (Rs = −0:670, P < 0:001; Rs = −0:476, P =
0:016) (Figures 6(g) and 6(h)).

4. Discussion

This study investigated the metabolic changes in Glu levels
using 1H-MRS in vivo and analyzed the role of EAAT2 and
GluR2 in regulating the Glu levels during the acute stage of
HIBD. Considerable studies have shown that Glu has an
important role in maintaining normal brain functions, and
Glu concentration in the extracellular fluid must be kept at
a low level (<100μM) to prevent excitotoxicity. Astrocytes
play an important role in maintaining Glu homeostasis.
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Accumulated Glu in the extracellular fluid is mainly taken up
by cells via sodium-dependent EAATs. Once inside the astro-
cytes, Glu is transformed by glutamine synthetase into Gln,
which is released from astrocytes. Extracellular Gln is taken
up by presynaptic neurons, which complete the Glu-Gln
cycle between neurons and astrocytes. HI injury disrupts
astrocyte Glu uptake. Thus, HI injury induces extracellular
Glu accumulation to high levels, and the resultant excitotoxi-
city can aggravate brain injury in newborns [21]. Our results
are consistent with those of the previous study. The Glu
metabolism level sharply increased after HI compared with
that in the control group (Figure 5). The degree of injury in
newborn piglets became more severe over time after HI
insult, indicating that increasing Glu accumulation is closely
related to brain damage caused by the resulting excitotoxicity
[22]. During the early stage of HI injury, Na+/K+ pump dys-
function may significantly increase the extracellular K+ con-
centration, promote neuronal depolarization, activate the
voltage-dependent calcium channel and massive Ca2+ influx,
and trigger synaptic terminals to release excessive Glu [15].
During the later stage of HI injury (i.e., 24 h after HI in this
study), ATP levels are depleted and reperfusion injury causes
cell rupture and/or impaired astrocyte reuptake [23], which
again lead to Glu release.

EAAT2 is the primary subtype of EAATs present in the
corpus striatum, and EAAT2 in the cell membranes of astro-

cytes is thought to be responsible for 90% of Glu transport in
humans [24], which is crucial for maintaining homeostasis of
the Glu-Gln cycle. Therefore, this study focused on changes
of EAAT2 after HI. This study demonstrated that Glu levels
were significantly increased after HI injury compared with
the control, and changes in Glu levels (including the absolute
Glu concentration and Glu/Cr ratio) were inversely corre-
lated with changes in EAAT2 expression. This indicates that
EAAT2 may have a key role in HI injury by reducing Glu
excitotoxicity. EAAT2 expression decreased during early HI
injury and subsequently increased, possibly because early
HI promoted massive Glu release but inhibited EAAT2 func-
tion on the cell membrane and reduced EAAT2 expression.
As the HI time increased, EAAT2 expression was elevated,
and some Glu underwent oxidative metabolism to provide
energy for efficient EAAT2 transport, and Glu depletion
reached its peak, suggesting that EAAT2 began to function
to prevent massive Glu accumulation. What is more, the pro-
tein levels of GFAP increased at this stage; this reactive astro-
gliosis may be a self-protection mechanism of astrocytes.
During a later stage, the expression level of GFAP was still
elevated, and this overexpression may be one of the impor-
tant mechanisms of potential excitotoxicity of neurons. Some
studies have also suggested that this overexpression can lead
to the formation of glial scars in brain injury areas, which is
an important cause of brain nerve regeneration disorders

(a) (b)

(c)

Figure 1: Typical images of hematoxylin and eosin staining of the piglet basal ganglia (400x magnification). Scale bar = 50μm. (a) In the
control group, piglet nerve cells were regularly arranged with normal morphology. (b, c) At the later stage following HI, piglet nerve cells
were significantly swollen, the cells were slightly stained, the intracellular space was widened, and karyolysis (arrow) was observed.
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[25]. While the EAAT2 protein expression level declined, the
Glu level increased, perhaps because it was difficult to main-
tain Glu homeostasis due to neuronal necrosis and the func-
tional inhibition of EAAT2 on the astrocyte membrane. Our
results confirm that EAAT2 has a critical effect on HIBD.
Numerous investigators have tried to reduce HI-induced
brain damage by regulating EAAT2 expression. Many cur-

rent studies that focus on upregulating EAAT2 expression,
increasing Glu uptake, reducing Glu excitotoxicity, and
relieving nerve injury with resveratrol [26], sulbactam [27],
histamine [28], and ceftriaxone [24] confirmed that cerebral
ischemic preconditioning could upregulate GLT-1 expres-
sion in astrocytes and thus enhance the effects of cerebral
ischemic tolerance. At present, some researchers have found
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Figure 2: Changes in GFAP expression in the basal ganglia of piglets (400x magnification). Scale bar = 50μm. (a–d) Representative figures of
GFAP IHC staining in the control group and HI insult 12 h, 24 h, and 72 h subgroups. (e) Changes in the average OD of GFAP protein level.
Compared with the control group, the expression levels of the GFAP were significantly increased in the HI group. GFAP: glial fibrillary acidic
protein; IHC: immunohistochemical; OD: optical density. Error bars represent the standard deviation values (n = 5/group). ∗P < 0:05
compared with the control group.

Table 1: Pathological scoring of the piglet basal ganglia at different time points after HI treatment.

Control group (n = 5) HI model group
6 h (n = 5) 12 h (n = 5) 24 h (n = 5) 72 h (n = 5)

Pathological score 0 (0-0) 1 (1-2) 2 (1.5-2.5) 3 (2.5-3.5)∗ 4 (3.5-4.5)∗

Note: data are displayed as median (25th-75th percentile). ∗P < 0:05 compared with the control group.
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that inducing EAAT2 expression in mesenchymal stem cells
can significantly reduce glutamate excitotoxicity [29]. Of
course, clinical application of these methods requires further
validation.

HI-related disruption of the Glu-Gln cycle causes
changes in intracellular and extracellular Glu levels. When
extracellular Glu reaches a certain level, the activation of
related receptors leads to a series of changes, both physio-
logical and pathological. The AMPAR is an important sub-
type of ionic Glu receptors and is widely expressed in
medium spiny neurons of the basal ganglia. AMPAR con-
tains four different subunits, GluR1 to GluR4. GluR2 has
been characterized as an important functional moiety of
AMPAR. Under normal physiological conditions, GluR2 is
highly expressed in AMPAR of most neurons, and it is

not permeable to Ca2+, which depends on editing of the
GluR2 pre-mRNA Q/R (Gln/arginine) site. Changes in
GluR2 expression can change Ca2+ permeability [9, 12,
13] and thereby play a role in HI-mediated injury. This
study evaluated the changes in GluR2 protein levels after
HI insult and possible mechanisms mediating HI-induced
brain damage. We found that the GluR2 protein levels in
the basal ganglia showed a decreasing trend with prolonged
HI time. The GluR2 protein levels were negatively corre-
lated with the severity of pathological lesions. We also
observed that changes in Glu metabolism levels were nega-
tively correlated with GluR2 protein levels. These results
suggest that Glu accumulation after HI leads to the activa-
tion of AMPAR and then downregulation of GluR2 expres-
sion; what is more, GluR2 expression level further declined
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Figure 3: EAAT2 protein levels in the basal ganglia before (control) and after HI injury (400x magnification). Scale bar = 50 μm. (a–d)
Representative figures of EAAT2 IHC staining in the control group and in 6 h, 12 h, and 72 h HI subgroups. (e) Changes in the average
OD of EAAT2 protein. During early HI, EAAT2 protein level slightly decreased compared with the control; subsequently, it tended to
increase and then decrease over time after HI injury. EAAT2: excitatory amino acid transporter 2; IHC: immunohistochemical; OD:
optical density. Error bars represent the standard deviation values (n = 5/group). ∗P < 0:05 compared with the control group.
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as HI injury worsened. Therefore, GluR2 may be involved
in the susceptibility of the basal ganglia.

The mechanism obstructing rapid Ca2+ influx is markedly
weakened after HI-mediated GluR2 decrease, and Ca2+ flows
into cells via the activated Ca2+-permeable AMPAR. This
causes intracellular Ca2+ overload, which enhances Glu toxic-
ity and causes neuronal death. This mechanism may account
for secondary damage to HI. Recent studies showed that
GluR2 mRNA expression was downregulated after HI and
changes in the functional reactivity of AMPA receptors may
mediate Ca2+ influx [13]. There was a significant reduction
in the GluR2 expression level after reperfusion in the global
cerebral ischemia rat model [30], which is consistent with
our results. Intracerebral injection of antisense oligonucleotide
knocked down GluR2 expression in rats [31], and the death of
pyramidal neuronal cells in the hippocampal CA1 region
enhanced the pathogenicity of transient ischemic attack.

The mechanisms mediating decreased GluR2 expression
after HI remain to be clarified, and several questions remain
unanswered. For example, how is GluR2 mRNA transcript
editing affected by HI, how do other AMPAR subunits
change, and how do the electrophysiological characteristics

of AMPAR change? Previous studies suggest that acute
downregulation of GluR2 expression can function as a
“molecular switch” to form Ca2+-permeable AMPAR [9,
13] and strengthen Glu toxicity during nerve injury. Some
investigators successfully mitigated or reversed the downreg-
ulation of GluR2 expression by treating cells with 3,5,3′
-triiodo-L-thyronine (T3) [32], genistein (4′,5,7-trihydroxyi-
soflavone) [33], or isoflurane [34], thereby protecting neu-
rons from injury induced by Glu excitotoxicity. We used
1H-MRS to evaluate the NAA and Cho levels. The results
suggest that NAA/Cr ratios gradually declined over time after
HI injury and were negatively correlated with the severity of
damage to basal ganglia (Rs = −0:456, P = 0:022). Our results
were consistent with previous studies [35, 36], which
reported that low NAA/Cr indicated poor prognosis after
HI. NAA is considered to be a neuronal maker, and NAA
levels are closely associated with the number and activity of
neurons. The reduction in NAA level after HI is usually irre-
versible, indicating neuron loss and irreversible brain damage
[37]. However, due to the high plasticity of the neonatal
brain, differentiation of neuronal stem cells can help to
recover damaged neurons in some conditions [38].
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Figure 4: AMPAR subunit GluR2 protein levels in the basal ganglia before (control) and after HI injury (400x magnification). Scale bar =
50μm. (a) High GluR2 protein levels in the basal ganglia in the control group. (b) At 72 h after HI injury, the GluR2 protein level was
markedly reduced. (c) Changes in the average OD of GluR2 protein level visualized with IHC staining. GluR2 protein level declined in
piglets subjected to HI injury compared with the control. (d) GluR2 protein level was negatively correlated with the severity of
pathological lesions; i.e., the more severe the brain injury, the more obvious the downregulation of GluR2 protein level. AMPAR: α-
amino-3-hydroxy-5-methyl-4-isoxazole-proprionic acid receptor; IHC: immunohistochemical; OD: optical density. Error bars represent
the standard deviation values (n = 5/group). ∗P < 0:05 compared with the control group. The Spearman rank correlation coefficient was
presented as Rs.

8 Disease Markers



Therefore, NAA is not entirely irreversible. Several studies
[39, 40] reported that the NAA level was not significantly
lower in patients with mild to moderate HIBD but was per-
manently depleted in those with severe HIBD. Our results
were consistent with these studies. During early HI injury,
NAA/Cr did not significantly differ from that in the control
group. At 72h after HI injury, the NAA level was signifi-
cantly lower than that in the control group. This provided
further evidence that a permanent depletion of NAA/Cr
could be used as an indicator for poor prognosis in HIBD.
An interesting thing to note is that our results, different from
the previous studies [35, 39, 41], showed that Cho level
increased after HI. It may be interpreted as reflecting astro-
gliosis [42] or deficient development of the neurons [43].

Furthermore, the Cho level correlated positively with the
pathological scores in our study (the absolute Cho concentra-
tion, Rs = 0:703, P < 0:001; Cho/Cr, Rs = 0:638, P = 0:001).
The Cho and Cho/Cr might be used as makers for assessing
the degree of brain injury. Future studies with bigger sample
sizes need to be conducted to validate this view.

After HI, the immature brain often has a latent period of
8-24h, which is closely followed by excitotoxicity, inflamma-
tion, and oxidative stress response (known as the “deadly
triad”) [44, 45]. This can induce secondary energy failure
and eventually irreversible neuronal injury. Nerve-
protecting strategies must be applied before the occurrence
of irreversible injury. The brains of newborn piglets are very
similar to those of newborn humans, so newborn piglets were
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Figure 5: Representative 1H-MRS images of the basal ganglia of piglets at different time points after HI and changes in metabolite absolute
concentrations and ratios. (a) Axial T2-weighted MR image obtained from a control piglet; the blue box indicates the voxel location. (b) The
following metabolite peaks were observed: Glu, Gln, Glx, NAA, Cho, and Cr. (c, d) Changes in metabolite absolute concentrations and
metabolite ratios in the control and HI-induced groups at different time points are shown. Glu: glutamate; Gln: glutamine; Glx:
glutamate/glutamine complex; NAA: N-acetylaspartate; Cho: choline; Cr: creatine. Error bars represent the standard deviation values
(n = 5/group). ∗P < 0:05 compared with the control group.
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Figure 6: Continued.
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selected as experimental animals in this study. The HI new-
born piglet model was used to simulate the pathological pro-
cess of HIBD in human infants. Histological staining
revealed that neuronal injury was not obvious at 6 h after
HI, neuronal edema was initially observed at 12 h, and a large
number of neurons were edematous at 24 h, but the main
pathological change was reversible neuronal necrosis. Neuro-
nal edema became more evident at 72 h, and the brain tissues
had irreversible, serious pathological changes (including neu-
ronal apoptosis and necrosis). Our results revealed that there
was no irreversible injury and the slight recovery of Glu level
within 12 h after HI indicated that this time period before the
development of secondary energy failure may be the best
time for clinical treatment. In this time window, if drugs or
other interventions are used to regulate the expression of
EAAT2 and GluR2 proteins to reduce the Glu excitotoxicity,
it is expected to open up a new path for pediatricians to carry
out timely and effective treatment of HIBD. Notably, the
determination of this optimal time window still needs further
study.

There are some limitations of note. First, due to the com-
plex of etiology and pathogenesis of HIBD, animal HI models
established were different from the clinical cases, which may
not accurately display the genesis, development, and pathol-
ogy of neonatal HIBD. Secondly, a small sample size was used
in this study and may suffer from a bias. Further thorough
studies in a larger sample are needed to confirm the present
results.

5. Conclusions

We observed that the Glu levels in the basal ganglia increased
after HI and showed a biphasic change. Changes in Glu levels
were inversely correlated with changes in EAAT2 and GluR2
expression after HI. The results of this study highlight that
1H-MRS can be of use in estimating the activation status of
EAAT2 and GluR2 in vivo and provide a reliable imaging evi-

dence for the timely and effective treatment of HIBD. Future
studies can focus on reducing excitotoxicity-induced brain
damage by regulating the levels of EAAT2 and GluR2 pro-
teins. Because of the particularity of the newborn, more work
is needed to be conducted to ensure the safety and effective-
ness of clinical medication.
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