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Purpose: To elucidate the predictive values of adipocytokines in patients with acute coronary syndrome (ACS).
Patients and Methods: Overall, 297 patients with ACS were consecutively enrolled in this prospective cohort study between 
June 2015 and July 2017 and completed follow-up with a median follow-up time of 6.5 years. For consistency, the last visit date was 
June 20, 2023. Serum levels of retinol-binding protein-4 (RBP4), interleukin-1β (IL-1β), monocyte chemoattractant protein 1(MCP-1), 
adrenomedullin (ADM), netrin 1 (NTN 1), and omentin were measured using enzyme-linked immunosorbent assay. Follow-up data 
were collected during clinical visits or through telephone interviews at 1, 3, 6, 12 months, and annually. The primary endpoint was 
defined as major adverse cardiovascular events (MACEs), including all-cause mortality, rehospitalization for percutaneous coronary 
intervention, and severe angina requiring rehospitalization.
Results: All biomarkers displayed a good diagnostic ability of MACEs. The Kaplan–Meier curve showed that the cumulative survival 
rates of high level of RBP4, IL-1β, and MCP-1 and low level of the ADM, NTN1, and omentin had lower cumulative survival rates 
(Log rank tests: all p<0.05). After adjustment in the Cox hazard proportional model, the results were RBP4 ≥ 6.87 ng/mL, hazard ratio 
(HR)=2.512, p=0.003; IL-1β≥ 58.95 pg/mL, HR=3.809, p<0.001; MCP-1 ≥ 401.75 pg/mL, HR=4.047, p<0.001; ADM≤120.01 ng/mL, 
HR=3.930, p=0.008; NTN1 ≤63.7 pg/mL, HR=3.345, p=0.007; omentin ≤ 4.54 ng/mL, HR=2.830, p=0.004. P-values for interaction 
were > 0.05 in the sex, age, and dyslipidemia subgroups.
Conclusion: Pro-inflammation adipocytokines RBP4, IL-1β, and MCP-1 increased and anti-inflammation biomarkers ADM, NTN1, 
and omentin decreased were independently associated with a higher risk of MACEs in patients with ACS.
Keywords: acute coronary syndrome, adipocytokines, prognosis

Introduction
Coronary artery disease (CAD) is the global leading cause of death.1 Acute coronary syndrome (ACS) is a critical form 
of CAD, including unstable angina (UA), non-ST-segment elevation myocardial infarction (NSTEMI), and ST-segment 
elevation myocardial infarction (STEMI).2 Patients with ACS experience high mortality and disability rates and poor 
prognosis, which impose a significant economic burden on society and families. Despite advancements in treatment 
strategies, such as percutaneous coronary intervention, these patients still have a poor prognosis.3 Therefore, conducting 
risk assessments and managing them based on risk stratification is crucial.

Adipose tissue dysfunction has emerged as a significant factor in the pathogenesis of various inflammatory conditions. 
Epicardial adipose tissue (EAT) and pericoronary adipose tissue (PCAT), which surround the heart and coronary arteries 
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respectively, have garnered attention for their role in coronary inflammation and ACS.4 Unlike subcutaneous fat, EAT and 
PCAT are in direct contact with the coronary arteries, influencing vascular function through the secretion of inflammatory 
cytokines and mediators.4,5 Genetic polymorphisms and inflammatory pathways correlated with both psoriasis and cardio-
vascular disease, such as IL-23 and TNF-α. Metabolic syndrome is characterized by a cluster of metabolic disorders, including 
insulin resistance and central obesity, which are largely driven by adipose tissue dysfunction.6

Inflammation is critical in CAD development and progression. The adipose tissue is an energy storage and endocrine 
organ that secretes various bioactive molecules, known as adipokines, with anti-inflammatory or pro-inflammatory 
properties, including retinol-binding protein-4 (RBP4), interleukin-1β (IL-1β), monocyte chemoattractant protein 1 
(MCP-1), adrenomedullin (ADM), netrin 1 (NTN 1), and omentin. These adipocytokines are closely associated with 
inflammation and atherosclerosis. RBP4, IL-1β, and MCP-1 are pro-inflammation cytokines, whereas ADM, NTN1, and 
omentin are anti-inflammation cytokines.

RBP4 is associated with psoriasis vulgaris, pregnancies complicated with preeclampsia, oxidative stress, unstable 
carotid plaque in patients with cerebral infarction, and cardiometabolic diseases.7–10 It is vital in the development and 
severity of coronary lesions in patients with ACS.11–13 Higher circulating RBP4 levels are significantly associated with poor 
prognosis in patients with CAD.14 IL-1β activates endothelial cells, promotes the release of adhesion molecules, and causes 
circulating inflammatory cell aggregation, endothelial damage, and arteriosclerosis. MCP-1 is the main pro-inflammatory 
chemotactic factor; it causes coronary artery plate instability, promotes coronary heart disease development, and is crucial 
in cardiac injury, repair, and heart failure.15,16 It is also independently associated with thin-cap fibroatheroma, plaque 
burden, and necrotic core fraction.17 Previous studies have demonstrated that MCP-1 is an independent predictor of 
coronary artery ectasia, disease complexity, and atherosclerosis in patients with ACS and chest pain.18,19

ADM is a potent vasodilator peptide widely secreted in visceral adipose tissue, blood, adrenal medulla, and other tissues.20 It 
plays an anti-atherosclerosis role by inhibiting the proliferation of vascular smooth muscle cells. NTN 1 promotes atherosclerosis 
and CAD pathogenesis by inhibiting macrophage migration.21–23 Omentin, a recently identified fat deposition-specific adipokine, 
is highly and selectively expressed in visceral omental adipose tissues. As an anti-inflammation biomarker, it reduces vascular 
insulin resistance and hypertension and improves osteoarthritis progression by promoting anti-inflammatory responses and M2 
macrophage polarization.24,25 Studies have found decreased omentin levels in patients with heart failure with preserved ejection 
fraction.26 Additionally, circulating omentin levels are closely associated with nonalcoholic fatty liver disease.27

However, the prognostic ability of adipocytokines, RBP4, IL-1β, MCP-1, ADM, NTN1, and omentin to predict the 
long-term outcomes of patients with ACS remains unclear. Therefore, in this study, we aimed to elucidate the predictive 
values of these adipocytokines in patients with ACS in the real world cohort study, and to provide enlightenments for 
future animal researches on drug targets.

Materials and Methods
Study Design and Population
This study was approved by the Ethics Committee of the Affiliated Hospital of Chengde Medical University (Number: 
CYFYLL2015006) and conducted following the Declaration of Helsinki. All participants provided informed consent.

Overall, 297 patients with ACS were consecutively enrolled at the Affiliated Hospital of Chengde Medical University between 
June 2015 and July 2017. The inclusion and exclusion criteria were consistent with those used in our previous study.28

The clinical types of ACS were diagnosed according to the universal American College of Cardiology guidelines.29–31The 
clinical types of ACS include unstable angina (UA), non-ST-segment elevation myocardial infarction (NSTEMI), and acute 
ST-segment elevation myocardial infarction (STEMI). UA is defined as myocardial ischemia at rest or on minimal exertion in 
the absence of acute cardiomyocyte injury or necrosis. Acute myocardial infarction (AMI) is defined as the detection of an 
increase and/or decrease of a cardiac biomarker, with at least one value above the 99th percentile of the upper reference limit, 
and with at least one of the following: symptoms of myocardial ischemia, new ischemic ECG changes, development of 
pathological Q waves on ECG, imaging evidence of loss of viable myocardium, or new regional wall motion abnormality, 
intracoronary thrombus detected on angiography or autopsy. On this basis, patients with persistent (>20min) ST-segment 
elevation in at least two contiguous is defined as STEMI. In contrast, patients without persistent ST-segment elevation are 
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defined as NSTEM. Angiographic ACS is defined as stenosis ≥50% of one or more of the left main, left anterior descending 
artery, left circumflex artery, right coronary artery, or their main branches.

The study exclusion criteria were: stable coronary artery disease, coronary artery spasm or other secondary angina or 
myocardial infarction; cardiogenic shock; cardiac arrest; infectious diseases; malignant tumors; and severe heart diseases (eg, 
aortic dissection and hypertrophic cardiomyopathy), systemic inflammatory disorders, and hepatic and renal dysfunction.

Baseline Demographics and Clinical Characteristics
Cardiovascular postgraduates collected information on the demographics, blood biochemical indicators, echocardiography, 
and medication of patients with ACS during their hospitalization. Demographic characteristics included age, sex, dyslipide-
mia, hypertension, diabetes mellitus, ischemic stroke, family history of CAD, cardiogenic shock, and malignant arrhythmia. 
Blood biochemical indicators included white blood cell, hemoglobin, hematocrit, platelet count, neutrophils, lymphocyte, 
monocyte, albumin, aspartate aminotransferase, alanine aminotransferase, triglyceride, total cholesterol, high-density lipo-
protein cholesterol, low-density lipoprotein cholesterol, creatinine, serum uric acid and blood urea nitrogen level.

Hypertension was defined as systolic blood pressure≥140 mmHg, diastolic blood pressure≥90 mmHg at rest, or a previous 
diagnosis of hypertension with antihypertensive therapy.32 Type 2 diabetes mellitus was defined as the presence of diabetic 
symptoms and random blood glucose≥11.1 mmol/L, fasting plasma glucose≥7.0 mmol/L, 2-h oral glucose tolerance test levels 
≥11.1 mmol/L, or no diabetes symptoms and at least two blood glucose readings meeting the above criteria.33 Dyslipidemia 
was defined as serum total cholesterol≥5.18 mmol/L, high-density lipoprotein cholesterol (HDL-C) ≤1.04 mmol/L, low- 
density lipoprotein cholesterol (LDL-C)≥3.37 mmol/L, triglyceride≥1.7 mmol/L or previous diagnosis of dyslipidemia.34

Enzyme-Linked Immunosorbent Assay
A professional nurse drew blood samples from the radial artery of all patients with ACS. The blood was collected the 
morning of coronary angiography, and patients were required to fast overnight. The blood samples were centrifuged at 
3000 × g for 10 min, and the supernatant was collected and stored at−80°C. Serum levels of RBP4, IL-1β, MCP-1, ADM, 
NTN1, and omentin were tested using an enzyme-linked immunosorbent assay kit (Jiangsu Meimian Industrial Co., Ltd, 
China). Experimental personnel strictly followed the reagent manufacturer’s instructions for all operational procedures.

Follow-Up and Endpoints
A cardiovascular physician completed the follow-up, with each follow-up adhering to standardized principles. Data were 
collected during clinical visits or through telephone interviews at 1, 3, 6, 12 months, and annually. The last visit was June 20, 
2023. The primary endpoint was defined as major adverse cardiovascular events (MACEs), including all-cause mortality, 
rehospitalization for PCI treatment, and severe angina requiring rehospitalization. For simplicity, rehospitalization was defined 
as rehospitalization for PCI treatment, and severe angina requiring rehospitalization in the following description.

Statistical Analysis
Normally distributed variables were presented as mean ± standard deviation, whereas non-normally distributed variables 
were presented as median with interquartile range. Differences in non-normally distributed continuous variables were 
analyzed using the Mann–Whitney U-test. Categorical variables were presented as numbers (%) and analyzed using the 
χ2 test. Receiver operating characteristic (ROC) analysis was used to determine the cut-off value and diagnostic ability of 
each biomarker. Kaplan–Meier curve and Log rank test were used to compare biomarker groups. Multivariate Cox hazard 
proportional hazards models were used for survival analysis to estimate hazard ratios for adipocytokines. Statistics 
analysis and plotting were performed using IBM SPSS Statistics for Windows (version 26; IBM Corp., Armonk, NY, 
USA) and GraphPad Prism 8.0 (GraphPad Software Inc, La Jolla, CA, USA). Statistical significance was set at p<0.05.
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Results
Patients’ Characteristics
This study enrolled 297 patients with ACS with a median follow-up time of 2396 days (6.5 years). Plasma levels of 
RBP4, IL-1β, MCP-1, ADM, NTN1, and omentin were statistically significant (p<0.05) between the MACE and non- 
MACE groups (Figure 1). Compared with the non-MACEs group, the MACE group showed increased RBP4, IL-1β, and 
MCP-1 levels and decreased ADM, NTN1, and omentin levels.

The baseline table showed that ejection fraction (EF%) was statistically significant; however, it was not statistically significant 
when converted into a second variable (EF%<50% or EF%≥50%) [29 (16.0%) vs 14 (12.1%), p=0.237]. The proportion of RBP4 
≥ 6.87 ng/mL, IL-1β≥ 58.95 pg/mL, MCP-1 ≥ 401.75 pg/mL, ADM ≤120.01 ng/mL, NTN1 ≤63.7 pg/mL, and omentin ≤4.54 ng/ 
mL in the MACE group differed significantly from those of the non-MACE group (Table 1).

Receiver Operating Characteristic Curve
Table 2 and Figure 2 present the ROC curve analyses to test the prognostic ability of MACEs using different cytokines. 
The cut-off value was calculated using ROC analysis.

The area under the curve (AUC) for RBP4 was 0.609 (95% confidence interval (CI): 0.505–0.713) with an optimal 
diagnostic cut-off point of 6.87, sensitivity of 40.9% and specificity of 81.0%. The AUCs for IL-1β, MCP-1, ADM, 
NTN1, and omentin were 0.654 (95% CI: 0.539–0.768), 0.627 (95% CI: 0.511–0.742), 0.638 (95% CI: 0.522–0.754), 

Figure 1 Comparison of serum adipocytokine levels in MACES and non-MACES groups.(A), RBP4.(B), IL-1β.(C), MCP-1.(D), ADM.(E), NTN1, and (F). Omentin. 
Abbreviations: MACEs, major adverse cardiovascular events; RBP4, retinol-binding protein-4; IL-1β, interleukin-1β; MCP-1, monocyte chemoattractant protein 1; ADM, 
adrenomedullin; NTN1, netrin 1.
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Table 1 Baseline Patients’ Characteristics of the MACE and Non-MACE Groups

Variables Non-MACE Group MACE Group χ2/Z/t p-value
(n=181) (n=116)

Clinicodemographic n,(%)

Male 139 (76.8%) 82 (70.7%) 1.384 0.239
Age ≥65 years 38 (21.0%) 35 (30.2%) 3.212 0.073

Dyslipidemia 64 (35.4%) 37 (31.9%) 0.465 0.495

Hypertension 106 (58.6%) 79 (68.1%) 2.739 0.098
Diabetes mellitus 45 (24.9%) 28 (24.1%) 0.020 0.888

Ischemic stroke 29 (16.0%) 19 (16.4%) 0.007 0.935

UA 93 (51.4%) 64 (55.2%) 0.408 0.523
Non-STEMI 30 (16.6%) 23 (19.8%) 0.510 0.475

STEMI 58 (32.0%) 29 (25.0%) 1.694 0.193

Ventricular tachycardia and ventricular fibrillation 7 (3.9%) 7 (6.0%) 0.739 0.390
Family history of CAD 43 (23.8%) 23 (19.8%) 0.631 0.427

Laboratory data

WBC (109/L) 8.06±2.63 8.46±2.94 1.185 0.237

HGB (g/L) 142.00 (131.75, 153.00) 142.00 (130.00, 151.00) −0.683 0.494
HCT (%) 41.00 (38.60, 43.50) 40.60 (37.45, 43.65) −0.926 0.354

Platelet count (109/L) 227.10±60.49 216.51±57.47 −1.508 0.132

Neutrophils (%) 67.30 (59.48, 74.80) 67.70 (58.95, 82.70) −0.965 0.335
Lymphocyte (%) 23.90 (15.30, 30.65) 23.20 (13.60, 31.75) −0.098 0.922

Monocyte (%) 5.40 (4.15, 6.70) 5.60 (3.40, 6.80) −0.551 0.581
MCV 89.70 (86.95, 92.55) 90.40 (86.70, 93.05) −0.829 0.407

MCH 32.43±22.23 31.87±5.83 −0.317 0.751

BNP 54.65 (16.58, 161.50) 47.30 (20.95, 141.00) −0.121 0.903
ALB (g/L) 40.20 (37.93, 42.30) 41.05 (37.10, 43.25) −0.462 0.644

ALT (U/L) 33.50 (25.00, 49.00) 32.00 (23.00, 42.50) −1.271 0.204

AST (U/L) 31.00 (23.00, 52.00) 28.00 (22.00, 40.25) −1.619 0.105
Glu 7.05±3.09 7.09±3.51 0.108 0.914

TG (mmol/L) 1.75 (1.15, 2.63) 1.47 (1.12, 2.47) −0.585 0.559

TCH (mmol/L) 4.12 (3.45, 4.80) 4.04 (3.55, 4.99) −0.478 0.632
HDL-C (mmol/L) 1.01 (0.87, 1.20) 1.00 (0.80, 1.16) −1.138 0.255

LDL-C (mmol/L) 2.10 (1.60, 2.75) 2.15 (1.66, 2.65) −0.274 0.784

Cr (μmol/L) 69.45 (59.93, 78.95) 67.95 (61.25, 74.43) −0.875 0.381
Serum uric acid (μmol/L) 320.83±91.71 313.49±108.27 −0.597 0.551

BUN (mmol/L) 5.43 (4.32, 6.65) 5.42 (4.47, 6.18) −0.274 0.263

Echocardiography

LA (mm) 33.77±3.86 34.56±4.06 1.590 0.113
LVEDD (mm) 51.27±5.49 50.64±5.15 −0.955 0.341

LVESD (mm) 35.83±5.93 34.65±5.14 −1.731 0.085

EF (%) 56.94±7.88 58.92±7.75 2.040 0.042
LVEF < 50% 29 (16.0%) 14 (12.1%) 1.397 0.237

LVEDD > 50 (mm) 81 (44.8%) 53 (45.7%) 0.139 0.804

Drugs n,(%)

Aspirin 178 (98.3%) 111 (95.7%) 0.999 0.317
Clopidogrel 162 (89.5%) 108 (93.1%) 2.558 0.110

β-blocker 109 (60.2%) 68 (58.6%) 0.015 0.903

(Continued)
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0.621 (95% CI: 0.518–0.724), and 0.633 (95% CI: 0.511–0.755), respectively, with optimal diagnostic cut-off points, 
sensitivities, and specificities of 58.95, 39.0%, and 94.4%, 401.75, 38.1%, and 92.2%, 120.01, 83.3%, and 45.0%, 63.7, 
85.0% and 39.7%, and 4.54, 46.9%, and 81.0%, respectively.

Survival Analysis
The Kaplan–Meier curve was plotted to study the survival rates of each biomarker based on the cut-off values. The 
cumulative survival rates of RBP4 ≥ 6.87 ng/mL, IL-1β ≥ 58.95 pg/mL, and MCP-1 ≥ 401.75 were significantly lower in 

Table 1 (Continued). 

Variables Non-MACE Group MACE Group χ2/Z/t p-value
(n=181) (n=116)

ACEI/ARB 82 (45.3%) 59 (50.9%) 1.137 0.286
Statins 177 (97.8%) 113 (97.4%) 1.271 0.260

CCB 47 (26.0%) 30 (25.9%) 0.003 0.956

Pro-inflammation Inflammatory cytokines n,(%)

RBP4 ≥ 6.87 ng/mL 16 (8.8%) 18 (15.5%) 7.074 0.008
IL-1β ≥ 58.95 pg/mL 3 (%) 16 (13.8%) 16.316 <0.001

MCP-1 ≥ 401.75 pg/mL 4 (2.2%) 16 (13.8%) 12.487 <0.001

Anti-inflammation Inflammatory cytokines n,(%)

ADM ≤ 120.01 ng/mL 33 (18.2%) 25 (21.6%) 7.007 0.008
NTN1 ≤ 63.7 pg/mL 47 (26.0%) 34 (29.3%) 7.521 0.006

Omentin ≤ 4.54 ng/mL 11 (6.1%) 15 (12.9%) 7.819 0.005

MACEs n,(%)

All-cause death - 23 (19.8%) - -
Rehospitalization - 93 (80.2%) - -

Revascularization - 34 (29.3%) - -

Notes: Data are presented as n (%), as the median [range] or mean ± standard deviation. 
Abbreviations: MACEs, major adverse cardiovascular events; UA, unstable angina; STEMI, ST-segment elevation myocardial infarction; Non-STEMI, 
non-ST-segment elevation myocardial infarction; CAD, coronary artery disease; WBC, white blood cell; HGB, hemoglobin; LDL-C, low-density 
lipoprotein cholesterol; Cr, creatinine; BUN, blood urea nitrogen; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic 
diameter; RBP4, retinol-binding protein-4; IL-1β, interleukin-1β; MCP-1, monocyte chemoattractant protein 1; ADM, adrenomedullin; NTN 1, 
netrin 1.

Table 2 Receiver Operating Characteristic Curve Analysis of Pro- 
Inflammatory and Anti-Inflammatory Adipocytokines for Diagnosing Acute 
Coronary Syndrome

Variables AUC 95% CI p-value Se(%) Sp(%) Cut-off

Pro-inflammation

RBP4 (ng/mL) 0.609 0.505–0.713 0.042 40.9 81.0 6.87

IL-1β (pg/mL) 0.654 0.539–0.768 0.011 39.0 94.4 58.95

MCP-1 (pg/mL) 0.627 0.511–0.742 0.036 38.1 92.2 401.75

Anti-inflammation

ADM (ng/mL) 0.638 0.522–0.754 0.033 83.3 45.0 120.01

NTN1 (pg/mL) 0.621 0.518–0.724 0.032 85.0 39.7 63.7

Omentin (ng/mL) 0.633 0.511–0.755 0.037 46.9 81.0 4.54

Abbreviations: AUC, area under the curve; CI, confidence interval; Se, sensitivity; Sp, specificity; 
RBP4, retinol-binding protein-4; IL-1β, interleukin-1β; MCP-1, monocyte chemoattractant protein 1; 
ADM, adrenomedullin; NTN1, netrin 1.
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the lower groups (Figure 3A-C). ADM ≤ 120.01 ng/mL, NTN1 ≤ 63.7 pg/mL, and omentin ≤ 4.54 ng/mL groups had 
lower cumulative survival rates compared with the higher groups (Log rank tests: p < 0.05; Figure 4A-C).

Subsequently, we analyzed the cumulative survival rates of rehospitalization. The results showed that RBP4 ≥ 6.87 
ng/mL, IL-1β≥ 58.95 pg/mL, MCP-1 ≥ 401.75 pg/mL (Figure 3D-E), ADM ≤120.01 ng/mL, NTN1 ≤63.7 pg/mL and 
omentin ≤4.54 ng/mL (Figure 4D-E) had lower cumulative survival rates, which were similar with the results mentioned 
above.

Cox Regression Analysis
In this study, we used two Cox regression models: Model 1 was a univariate model that included only adipocytokines. 
Model 2 was adjusted for hypertension (with or without), CAD family history (with or without), diabetes mellitus (with 
or without), age (≥65 years or <65 years), and sex (male or female) (Table 3).

First, we analyzed the correlation between these biomarkers and MACEs. The results of Model 1 were: RBP4 ≥ 6.87 
ng/mL, HR=2.269, 95% CI:1.243–4.140, p=0.008; IL-1β≥ 58.95 pg/mL, HR=3.562, 95% CI:1.894–6.699, p<0.001; 
MCP-1 ≥ 401.75 pg/mL, HR=3.618, 95% CI:1.931–6.779, p<0.001; ADM ≤120.01 ng/mL, HR=3.043, 95% 
CI:1.164–7.954, p=0.023; NTN1 ≥63.7 pg/mL, HR:3.246, 95% CI:1.361–7.740, p=0.008; and omentin ≤ 4.54 ng/mL, 
HR=2.655 95% CI:1.321–5.334, p=0.006.

In Model 2, the results were RBP4 ≥ 6.87 ng/mL, HR=2.512, 95% CI: 1.359–4.644, p=0.003; IL-1β≥ 58.95 pg/mL, 
HR=3.809, 95% CI: 1.839–7.887, p<0.001; MCP-1 ≥ 401.75 pg/mL, HR=4.047, 95% CI: 2.117–7.735, p<0.001; ADM 
≤120.01 ng/mL, HR=3.930, 95% CI: 1.435–10.768, p=0.008; NTN1 ≤63.7 pg/mL, HR=3.345, 95% CI: 1.399–8.000, 
p=0.007; and omentin ≤ 4.54 ng/mL, HR=2.830, 95% CI: 1.400–5.722, p=0.004.

Subsequently, we defined the outcome as rehospitalization. Rehospitalization was defined as rehospitalization for PCI 
treatment and severe angina requiring rehospitalization. We investigated these adipocytokines to predict rehospitalization 
risk. The results of Model 1 were: RBP4 ≥ 6.87 ng/mL, HR=2.398, 95% CI: 1.184–4.859, p=0.015; IL-1β≥ 58.95 pg/mL, 
HR=3.728, 95% CI: 1.890–7.351, p=<0.001; MCP-1 ≥ 401.75 pg/mL, HR=3.467, 95% CI: 1.752, 6.863, p<0.001; ADM 
≤120.01 ng/mL, HR=2.618, 95% CI: 0.971–7.055, p=0.057; NTN1 ≤63.7 pg/mL, HR=2.923, 95% CI: 1.118–7.640, 
p=0.029; and omentin ≤ 4.54 ng/mL, HR=2.563, 95% CI: 1.136, 5.783, p=0.023.

Figure 2 ROC curves of adipocytokines for the diagnosis of MACEs. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; RBP4, retinol-binding protein-4; IL-1β, interleukin-1β; MCP-1, monocyte chemoat-
tractant protein 1; ADM, adrenomedullin; NTN1, netrin 1.
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In Model 2, the results were RBP4 ≥ 6.87 ng/mL, HR=2.473, 95% CI: 1.203–5.082, p=0.014; IL-1β≥ 58.95 pg/mL, 
HR=3.690, 95% CI: 1.730–7.872, p=0.001; MCP-1 ≥ 401.75 pg/mL, HR=3.868, 95% CI: 1.907–7.845, p<0.001; ADM 
≤120.01 ng/mL, HR=3.120, 95% CI: 1.123–8.664, p=0.029; NTN1 ≤63.7 pg/mL, HR=3.136, 95% CI: 1.192–8.248, 
p=0.021; and omentin ≤ 4.54 ng/mL, HR=1.147, 95% CI: 2.607–5.923, p=0.022.

P for Interaction
The independent association between RBP4, IL-1β, MCP-1, ADM, NTN1, and omentin and the prognosis was assessed in 
subgroups based on age (≥65 or <65 years) (Figure 5A), sex (male or female) (Figure 5B), and hypertension (yes or no) 
(Figure 5C). Notably, all p-values for interaction in subgroup analysis were > 0.05. Further details are provided in Figure 5.

Discussion
In this study, we investigated the association between serum levels of RBP4, IL-1β, MCP-1, ADM, NTN1, and omentin 
and the long-term outcomes of patients with ACS. We discovered that: (1) increasing serum levels of RBP4, IL-1β, and 
MCP-1 and decreasing serum levels of ADM, NTN1, and omentin were independently associated with a higher risk of 
MACEs in patients with ACS; (2) RBP4, IL-1β, MCP-1, ADM, NTN1, and omentin had good diagnostic value for 
MACEs in patients with ACS; (3) increasing serum levels of RBP4, IL-1β, MCP-1 and decreasing serum levels of ADM, 
NTN1, and omentin could predict rehospitalization risk for patients with ACS. To our knowledge, this is the first research 

Figure 3 The Kaplan-Meier survival curves plotted by pro-inflammation adipocytokines in patients with ACS for MACEs. (A and D): RBP4; (B and E): IL-1β; (C and F): 
MCP-1. (A-C): predicting MACES and (D-F): predicting rehospitalization risk. 
Abbreviations: ACS, acute coronary syndrome; MACEs, major adverse cardiovascular events; RBP4, retinol-binding protein-4; IL-1β, interleukin-1β; MCP-1, monocyte 
chemoattractant protein.
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to focus on the associations of serum levels of RBP4, IL-1β, MCP-1, ADM, NTN1, and omentin with long-term 
outcomes of patients with ACS.

In recent years, biomarkers have gained significant attention for their potential utility in ACS diagnosis, risk 
stratification, and prognosis assessment. High-sensitivity troponin (hs-cTn) has revolutionized the diagnosis of ACS 
due to its superior sensitivity and negative predictive value. This exploration encompasses both traditionally established 
markers like troponins and creatine kinase-MB, and newer candidates like natriuretic peptides, C-reactive protein, 

Figure 4 The Kaplan-Meier survival curves plotted by anti-inflammation adipocytokines in patients with ACS for rehospitalization. (A and D): ADM; (B and E): NTN1; (C and F): 
Omentin. (A-C): predicting MACES and (D-F): predicting rehospitalization risk. 
Abbreviations: ACS, acute coronary syndrome; MACEs, major adverse cardiovascular events; ADM, adrenomedullin; NTN1, netrin 1.

Table 3 Cox Hazard Proportional Model for Predictive Factors of MACEs

Serum Adipocytokines Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value

MACEs
Pro-inflammation
RBP4 ≥ 6.87 ng/mL 2.269 (1.243–4.140) 0.008 2.512 (1.359, 4.644) 0.003
IL-1β ≥ 58.95 pg/mL 3.562 (1.894, 6.699) <0.001 3.809 (1.839, 7.887) <0.001

MCP-1 ≥ 401.75 pg/mL 3.618 (1.931–6.779) <0.001 4.047 (2.117, 7.735) <0.001

Anti-inflammation
ADM ≤120.01 ng/mL 3.043 (1.164–7.954) 0.023 3.930 (1.435, 10.768) 0.008

NTN1 ≤63.7 pg/mL 3.246 (1.361–7.740) 0.008 3.345 (1.399, 8.000) 0.007

Omentin ≤4.54 ng/mL 2.655 (1.321–5.334) 0.006 2.830 (1.400, 5.722) 0.004

(Continued)
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interleukin-6, and novel biomarkers such as endocan, galectin, and microRNAs.35 In a significant study examining the 
fibrinogen-to-albumin ratio (FAR), researchers investigated its prognostic value in patients with coronary three-vessel 
disease. FAR was found to have a positive association with all-cause mortality and MACEs.36 Similarly, another study 
emphasized the role of fibrinogen, albumin, and the FAR in predicting angiographic severity and clinical outcomes in 
ACS patients.37 Our present study found a modest association between these adipocytokines and MACEs risk. This 
research would offer insight into cardiac repair, myocardial cell necrosis, apoptosis, and fibrosis, making them potential 
targets for future drug development.

RBP4, an adipokine, plays a well-established role in atherosclerosis by inducing mitochondrial dysfunction, vascular 
oxidative damage, and accelerating the development of atherosclerosis.38–40 Higher RBP4 levels have been identified as 
an independent risk factor for CAD in Chinese populations.28,41 Our study revealed that RBP4 ≥ 5.78 ng/mL was 
correlated with MACEs risk in patients with ACS using the Cox hazard proportional model. The cumulative survival rate 
of increasing RBP4 was higher in the increasing RBP4 group than in the decreasing group.

Regarding IL-1β, previous studies have demonstrated that Puerarin-Tanshinone IIA regulated IL-1β and it suppressed 
atherosclerosis inflammatory plaque.42 However, its anti-atherosclerotic effects were weakened by naringenin and 
quercetin from Folium Artemisiae argyi.43 IL-1β is an inflammatory biomarker that reflects the degree of inflammation 
in cells or tissues. However, there was no study on the long-term, predictable ability of IL-1β in patients with ACS. IL-1β 
< 9.28 pg/mL was found to be an independent risk factor in the long-term prognosis of patients with ACS. Another 
research focus is the study of single nucleotide polymorphisms of IL-1β, which has been correlated with ACS, providing 
researchers with new directions and ideas.44,45

MCP-1 is closely correlated with CAD. Previous studies have found that MCP-1 could be a biomarker of subclinical 
atherosclerosis in women.46 The serum level of MCP-1 was higher in patients with ACS and lower in those with stable 
coronary disease.47 This interesting phenomenon still needs more research. The possible mechanism for adverse 
prognosis in patients with ACS with higher MCP-1 levels may be due to high levels of MCP-1 reflecting the burden 
of atherosclerotic disease and exerting prothrombotic effects leading to recurrent coronary events.48 MCP-1 plasma 
concentration is associated with MACEs in patients with CAD with persistent inflammation.49 However, some research-
ers consider MCP-1 to be unpredictable for 90 days of MACEs in patients with non-low-risk chest pain.50

NTN1 can suppress inflammatory macrophage apoptosis.51 It is cardioprotective and is considered a critical factor in 
atherosclerosis and ischemia-reperfusion injury.52 NTN1 had been found to be correlated with CAD.53 This novel 
biomarker could be a better diagnostic cytokine in patients with ACS. Our study found NTN1 < 65.90 pg/mL to be 
an independent risk factor in univariate and multivariate Cox proportional hazard models. This innovation can help 

Table 3 (Continued). 

Serum Adipocytokines Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value

Rehospitalization
Pro-inflammation
RBP4 ≥ 6.87 ng/mL 2.398 (1.184–4.859) 0.015 2.473 (1.203, 5.082) 0.014

IL-1β ≥ 58.95 pg/mL 3.728 (1.890–7.351) <0.001 3.690 (1.730, 7.872) 0.001

MCP-1 ≥ 401.75 pg/mL 3.467 (1.752, 6.863) <0.001 3.868 (1.907, 7.845) <0.001
Anti-inflammation
ADM ≤120.01 ng/mL 2.618 (0.971–7.055) 0.057 3.120 (1.123, 8.664) 0.029

NTN1 ≤ 63.7 pg/mL 2.923 (1.118, 7.640) 0.029 3.136 (1.192, 8.248) 0.021
Omentin ≤ 4.54 ng/mL 2.563 (1.136, 5.783) 0.023 1.147 (2.607, 5.923) 0.022

Notes: Model 1: unadjusted. Model 2: adjusted for hypertension (with or without), family history of CAD (with or 
without), DM (with or without), age (≥65 years or <65 years), and sex (male or female). 
Abbreviations: MACEs, major adverse cardiovascular events; HR, hazard ratio; CI, confidence interval; RBP4, 
retinol-binding protein-4; IL-1β, interleukin-1β; MCP-1, monocyte chemoattractant protein 1; ADM, adrenomedul-
lin; NTN1, netrin 1; LVEDD, left ventricular end-diastolic diameter; CAD, coronary artery disease; DM, diabetes 
mellitus.
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Figure 5 Forest graphs based on subgroup analysis. (A) Age subgroup. (B) Sex subgroup. (C)Hypertension subgroup. 
Abbreviations: HR, hazard ratio; CI, confidence interval; RBP4, retinol-binding protein-4; IL-1β, interleukin-1β; MCP-1, monocyte chemoattractant protein 1; ADM, 
adrenomedullin; NTN1, netrin 1.
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identify high-risk patients with ACS after discharge. To our knowledge, this is the first study to assess the predictive 
ability of NTN1 in patients with ACS.

According to previous studies, ADM showed a close correlation with cardiovascular disease and was an independent 
predictor of future cardiovascular events in high-risk patients compared with C-reactive protein and adiponectin.54–56 

ADM is also correlated with the severity of acute heart failure in patients with ACS and predicts clinically important 30- 
day outcomes in patients with acute heart failure.57 Involved in endothelial protection, ADM showed a significant 
interaction with renal function and outcome, being associated with the composite outcome only in patients with ACS 
with preserved kidney function.58,59 Our study found that ADM, as a prognostic biomarker, correlated with long-term 
outcomes in patients with ACS. Furthermore, a similar biomarker, named midregional pro-adrenomedullin (MR- 
proADM), is closely associated with ADM. Previous research has demonstrated that MR-proADM was an independent 
risk factor in the prognosis of patients with NSTEMI, and it correlated with acute heart failure and had many applications 
in the CAD field, such as risk stratification and predicting prognosis.60–64 Elevated plasma levels of MR-proADM could 
predict in-hospital mortality in patients with acute myocardial infarction complicated by cardiovascular shock.65 

Therefore, more research should focus on the relationship between serum levels of MR-proADM and MACE risk.
Omentin, as an anti-inflammation biomarker, is mainly produced and secreted by vascular interstitial cells in visceral 

adipose tissues. Other tissues, such as endothelial cells, epicardial adipose tissue, and tumor cells, can also secrete it. 
Omentin possesses insulin-sensitizing, anti-inflammatory, anti-atherogenic, cardio-protective, and oxidative stress- 
decreasing effects.66 It participates in the autoimmune reaction, recognizes pathogens to exert an anti-inflammatory 
role and protects endothelial cells. It is also involved in anti-atherosclerosis, plaque stabilization, and enhancement of 
insulin sensitivity. Additionally, it improves endothelial cell function by increasing nitric oxide production through 
endothelial NO synthase.67,68

Moreover, the AUC for predicting ACS prognosis using the above inflammatory cytokines mentioned is > 0.6. 
Univariate and multivariate Cox proportional hazard models demonstrated that increasing serum levels of RBP4, IL-1β, 
and MCP-1 and decreasing serum levels of ADM, NTN1, and omentin were independently associated with MACE risk. 
Subgroup analysis confirmed these findings in age (≥65 or <65 years), sex (male or female), and hypertension (yes or no) 
subgroups. Therefore, we believe that serum elevated levels of RBP4, IL-1β, MCP-1, and decreased levels of ADM, 
NTN1, and omentin are closely associated with ACS prognosis and can serve as serological markers to help evaluate risk 
stratification in patients with ACS.

The present study had some limitations. First, our study was conducted at a single center, and had a small sample size, 
which hindered generalization to a wider population. Second, the serum levels of adipocytokines were evaluated only 
once after the patients were admitted, and information on the change in levels during hospitalization was limited. Third, 
the different parameters of echocardiography during the follow-up period were not been monitored. Fourth, this is an 
observational study, so the pathogenesis of the six adipocytokines in the acute coronary syndrome still needs to be 
explored in the future.

Conclusion
Inflammation adipocytokines RBP4, IL-1β, and MCP-1 with high serum levels and anti-inflammation biomarkers ADM, 
NTN1, and omentin with low serum levels were independently associated with a higher risk of MACEs in patients with 
ACS. RBP4, IL-1β, MCP-1, ADM, NTN1, and omentin may be used clinically as laboratory biomarkers for identifying 
high-risk patients with ACS.
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