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ABSTRACT 

Background & objective: Coronary artery disease (CAD) remains a major cause of global morbidity and mortality. 
Among the regulatory peptides involved in vascular homeostasis, apelin and calcitonin gene–related peptide (CGRP) 
play critical roles in vasodilation, endothelial protection, and cardiac function, highlighting their potential value as 
diagnostic biomarkers. This study aimed to evaluate the diagnostic utility of serum apelin and CGRP levels in patients 
with CAD. 

Methods: A total of 90 male participants were enrolled in this case–control study, including 45 CAD patients and 45 
age-matched healthy controls. Routine biochemical parameters were assessed using standard colorimetric assays, 
while serum apelin and CGRP levels were measured using ELISA. Anthropometric indices and atherogenic ratios were 
calculated using standard formulas . 

Results: CAD patients demonstrated significantly higher levels of triglycerides, total cholesterol, LDL, VLDL, 
atherogenic indices (AIP, AC, CRI-I, CRI-II), troponin, CRP, calcium, and body fat percentage, while HDL, magnesium, 
apelin, and CGRP levels were markedly reduced (P < 0.001). ROC analysis showed that apelin exhibited excellent 
diagnostic accuracy with an AUC of 0.894 and an optimal cutoff of 2.98 ng/mL (sensitivity: 88.9%; specificity: 82.2%). 
CGRP showed moderate diagnostic performance, with an AUC of 0.691 and a cutoff of 30.5 pg/mL. 

Conclusion: Reduced serum apelin and CGRP levels are strongly associated with CAD, with apelin demonstrating 
superior diagnostic value compared to CGRP. Apelin may serve as a promising independent biomarker for early CAD 
detection. Further large-scale studies are recommended to validate its clinical applicability. 

Abbreviations: CAD-coronary artery disease; T2DM-type2 diabetes mellitus; ACS- acute coronary syndrome; HDL – 
high-density lipoprotein; TG - triglyceride; BMI - body mass index; SBP - systolic blood pressure; DBP - diastolic blood 
pressure; CRP- C-reactive protein; BF%-Body fat percentage; BMP7-Bone Morphogenetic Protein 7; TRPM7-
Transient Receptor Potential Melastatin 7. 
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1. INTRODUCTION  

Coronary artery disease (CAD) remains one of the 

leading causes of morbidity and mortality worldwide. It 

results from atherosclerotic narrowing of the coronary 

arteries and may present clinically as stable angina or 

acute coronary syndrome (ACS).1,2 ACS encompasses  

 

unstable angina, ST-segment elevation myocardial 

infarction (STEMI), and non-ST-segment elevation 

myocardial infarction (NSTEMI). Although the terms 

ACS, coronary heart disease (CHD), and CAD are often 

used interchangeably, they are not synonymous. ACS is 

a subcategory of CAD, while CHD is generally 

considered a consequence of CAD progression.3 
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Advances in noninvasive coronary imaging have 

significantly improved the detection of subclinical 

disease.4  

Nevertheless, despite improvements in diagnosis and 

management, the molecular mechanisms underlying 

CAD remain inadequately understood, emphasizing the 

need to identify novel biomarkers and therapeutic 

targets.5Among the molecules of emerging interest is 

apelin, a small adipokine primarily secreted by adipose 

tissue but also expressed in the brain, heart, lungs, 

kidneys, and stomach.6-9  

As the endogenous ligand of the APJ receptor, apelin 

plays essential roles in regulating blood pressure, fluid 

balance, cardiac contractility, angiogenesis, and energy 

homeostasis. Dysregulation of the apelin–APJ signaling 

pathway has been linked to several pathological 

conditions, including heart failure, obesity, and 

diabetes.9 

Another key mediator is calcitonin gene-related peptide 

(CGRP), a potent endogenous vasodilator widely 

distributed throughout the cardiovascular and nervous 

systems. CGRP is released predominantly from 

perivascular sensory nerves and acts through G-protein–

coupled receptor complexes, increasing cyclic adenosine 

monophosphate (cAMP) and nitric oxide production to 

promote vascular smooth muscle relaxation. In addition 

to its vasodilatory effects, CGRP contributes to blood 

pressure regulation, suppression of vascular 

inflammation, and preservation of endothelial function. 

Emerging evidence suggests that CGRP may exert a 

compensatory protective role in conditions characterized 

by vascular dysfunction, such as hypertension, 

atherosclerosis, and ischemic heart disease.10-12 These 

attributes highlight CGRP as a potential biomarker and 

therapeutic target in cardiovascular disorders. 

Therefore, this study aimed to assess serum apelin and 

CGRP levels in patients with CAD compared with 

healthy controls, to explore their potential roles as 

circulating biomarkers and their relevance as possible 

therapeutic targets. 

2. METHODOLOGY 

2.1. Sampling 

A 5 mL venous blood sample was obtained from each 

participant following a 12-hour overnight fast. One 

milliliter of the sample was placed into an EDTA tube 

for HbA1c measurement. The remaining 4 mL was 

transferred into a gel-separator tube, incubated at 37 °C 

for 10 minutes to allow clot formation, and subsequently 

centrifuged at 3000 rpm (~1000 × g) for 10–15 minutes 

to separate the serum. The resulting serum was aliquoted 

into sterile Eppendorf tubes and stored at −80 °C until 

further analysis. 

2.2. Study design 

A case–control study was conducted at Al-Sadder 

Teaching Hospital and the Endocrinology Centre. The 

study enrolled 45 male patients diagnosed with coronary  

artery disease (CAD) and 45 age-matched healthy male 

controls, aged 45–65 years. Sample collection took place 

from November 2023 to the end of April 2024. 

Exclusion criteria included obesity, cancer, thyroid 

dysfunction, a history of liver cirrhosis, myocardial 

infarction within the past 1–4 weeks, recent unstable 

angina or acute coronary syndrome (ACS), severe heart 

failure, significant valvular or congenital heart disease, 

active infection or inflammatory disorders, and severe 

renal or hepatic impairment. All participants provided 

written informed consent before enrollment. The study 

protocol was approved by the Institutional Review 

Board (IRB) of the University of Kufa (IRB reference 

number: 7547 R/2023). The IRB adheres to international 

guidelines for the protection of human research 

participants and complies with the principles of the 

Declaration of Helsinki.  

2.3. Methods 

The levels of Apelin and CGRP were determined using 

the double-antibody sandwich ELISA technique 

(BioVendor, United States). Serum CRP levels were 

measured using a commercial ELISA kit (Demeditec, 

Germany). Lipid profiles, including total cholesterol 

(T.C.), triglycerides (TG), and high-density lipoprotein 

cholesterol (HDL-C), were measured using standard 

enzymatic methods (Spinreact, Spain), as well as, 

magnesium and calcium concentrations were determined 

using kits from Biolabo (France). High-sensitivity 

troponin (hs-Tn) levels were measured using the VIDAS 

instrument (BioMerieux, France). Low-density 

lipoprotein cholesterol (LDL-C), very low-density 

lipoprotein cholesterol (VLDL-C) are calculated via 

equations.13,14 The atherogenic index of plasma (AIP) 

was calculated as: AIP=LOG(TG/(HDL_C )).15 The 

atherogenic coefficient (AC) was determined using: 

AC=(TC- HDL_C)/HDL_C.16 Castelli’s Risk Indexes 

(CRI-I and CRI-II), also referred to as cardiac risk 

indexes, were calculated using:      

CRI_I=TC/HDL_C, CRI-II=LDL-C/HDL_C.17 Body 

mass index (BMI), waist-to-hip ratio (WHR), and waist-

to-height ratio (WHtR) were calculated 

mathematically.18-20 Whereas the formula of body fat 

percentage (BF%) is as follows: 1.2 x BMI+0.23 x Age-

10.8 x Gender-5.4, where sex = ‘1’ for men and ‘0’ for 

women.21 
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Figure 1: Comparison of serum Apelin and CGRP 

between CAD men patients and men control group 

2.4. Statistical analysis  

Data were entered and managed using Microsoft Excel, 

and statistical analyses were carried out using SPSS 

version 25. The Kolmogorov–Smirnov test was used to 

assess the normality of the variables. Quantitative data 

are presented as means ± standard deviations. 

Continuous variables were compared using the 

independent samples t-test. Pearson’s correlation 

coefficients and linear regression analyses were 

employed to evaluate associations between variables. 

The receiver operating characteristic (ROC) curve was 

applied to determine the cutoff values with optimal 

sensitivity and specificity for disease diagnosis. 

Statistical significance was considered at P 

< 0.05. The sample size was calculated 

using G*Power version 3.1.9.7. Based on 

an effect size of 0.3, a significance level of 

0.05, a power of 0.8, and two groups in an 

analysis of covariance, a total sample size 

of 90 participants was recommended. 

Accordingly, 90 individuals were recruited, 

including 45 patients in the experimental 

group and 45 healthy controls. 

3. RESULTS  

The anthropometry results of the CAD and 

healthy control groups are presented in 

Table 1.  

The analysis revealed no significant 

differences between the groups in terms of 

age and body mass index (BMI). However, 

significant increases were observed in 

WHR, WHtR, BF%, systolic blood pressure (SBP), and 

diastolic blood pressure (DBP) in the CAD group 

compared to controls. The results of the clinical data are 

displayed in Table 2, including TG, CHOL, HDL, LDL,  

VLDL, AIP, AC, CRI-I, CRI-II, Troponin, CRP, Ca, Mg, 

Apelin, and CGRP, which revealed highly significant 

values (p<0.05).  

Receiver operating characteristic (ROC) curve analysis 

was carryout to evaluate the sensitivity and specificity of 

the selected biomarkers in distinguishing male CAD 

patients from healthy controls.  

The ROC coordinates and corresponding cutoff values, 

Area Under the Curve (AUC), optimal sensitivity and 

specificity are presented in Table 3.  

4. DISCUSSION 

The results presented in Table 1 show no significant 

differences in age or BMI between CAD patients and 

controls, consistent with previous findings reporting no 

significant BMI alterations in similar cohorts.22 

However, indices of central obesity, including WHR and 

WHtR, were significantly higher in the CAD group, 

indicating that visceral adiposity is more closely 

associated with CAD risk than general obesity. Central 

fat accumulation contributes to dyslipidemia, 

hypertension, and atherosclerosis independently of 

BMI.23 In addition, individuals with CAD frequently 

exhibit hypertension, insulin resistance, and metabolic 

syndrome, all of which promote visceral fat deposition, 

leading to increased waist circumference and WHR. The 

resulting hyperinsulinemia contributes to elevated blood  

pressure, primarily through enhanced renal sodium  

Table1: Comparison of anthropometric measurements between 
coronary artery disease (CAD) patients and healthy controls. 

Parameters Control 

(n = 45) 

CAD 

(n = 45) 

P-value 

 Age (years) 60.42 ± 3.48 60.91 ± 3.25 0.07 

Duration of 

Disease (years) 

- 5.13 ± 2.04 - 

Weight (g) 76.11 ± 6.44 82.89 ± 5.11 < 0.001 

BMI (kg/m2) 25.80 ± 2.22 26.37 ± 2.24 0.06 

WHR 0.915 ± 0.025 0.944 ± 0.018 < 0.001 

WHtR 0.41 ± 0.038 0.50 ± 0.03 < 0.05 

BF% 38.70 ± 2.85 40.49 ± 2.63 < 0.001 

SBP (mmHg) 120.29 ± 1.19 156.71 ± 5.78 < 0.001 

DBP (mmHg) 80.76 ± 1.38 95.33 ± 4.30 < 0.001 
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retention and other pressor mechanisms.24 Body fat 

percentage (BF%) also demonstrated a significant 

elevation in CAD patients. BF% is a recognized 

determinant of vascular health, as higher adiposity is 

linked with increased cardiovascular risk, hypertension, 

and subclinical vascular inflammation. Importantly, 

elevated BF% has been shown to predict vascular 

dysfunction even in individuals with normal BMI, 

reinforcing its role as a key cardiometabolic risk 

indicator.25 Table 2 further demonstrates a pronounced 

reduction in HDL levels, along with significant 

elevations in total cholesterol, LDL, TG, VLDL, AC, 

CRI-I, CRI-II, and AIP. 

These findings align with 

established evidence 

identifying 

dyslipidemia—

particularly elevated LDL 

as a central contributor to 

CAD pathogenesis. 

Cholesterol, being 

hydrophobic, circulates 

bound to lipoproteins such 

as HDL, LDL, VLDL, and 

chylomicrons. Under 

oxidative stress, LDL 

undergoes conversion to 

oxidized LDL (oxLDL), 

which is subsequently 

taken up by macrophages 

to form foam cells, 

initiating the 

atherosclerotic cascade.26 

Markers of inflammation 

and myocardial injury also 

showed notable 

elevations. Both hs-CRP 

and hs-troponin were 

significantly higher in 

CAD patients. Inflammation plays a central 

role in atherogenesis, and elevated hs-CRP 

is known to predict up to a 70% increase in 

the risk of future cardiovascular events.27  

Similarly, in chronic CAD, elevated hs-

troponin indicates ongoing low-grade 

myocardial injury and is a powerful 

prognostic marker.28 A significant 

reduction in magnesium (Mg) was 

observed in the CAD group. Magnesium is 

crucial for cardiovascular homeostasis 

through its effects on coagulation, lipid 

metabolism, nitric oxide release, and 

synergistic action with antihypertensive 

agents. Mg deficiency promotes vascular 

calcification by dysregulating proteins 

such as osteopontin, Bone Morphogenetic Protein 7 

(BMP7), and Transient Receptor Potential Melastatin 7 

(TRPM7).29 Additionally, it contributes to chronic 

inflammation (elevated CRP), mitochondrial 

dysfunction, reduced ATP synthesis, diminished 

antioxidant capacity, and increased ROS generation.30 

Elevated serum calcium levels, a common feature of 

cardiovascular disease, further reflect vascular injuryand 

calcification, correlating strongly with arterial plaque 

burden.31 

 

Table 3: Receiver operating characteristic (ROC) curves of 
CGRP and Apelin in the coronary artery (CAD) patients in the 
control groups. CI: Confidence interval. 

Test Result Variable(s) CGRP 
(pg/ml) 

Apelin 
(ng/ml) 

AUC 0.691 0.894 

Cut-Off ˂ 30.5 ˂ 2.98 

p-value 0.002 0.000 

Sensitivity % 66.7 88.9 

Specificity % 55.6 82.2 

Asymptotic 95% 

Confidence Interval 
(CI) 

Lower Bound 0.579 0.829 

Upper Bound 0.802 0.958 

Table 2: Comparison of the TG, TC, HDL, LDL, VLDL, AIP, AC, CRI-I, CRI-II, 
Troponin, CRP, Ca, Mg, Apelin, and CGRP in CAD patients and healthy controls. 

Parameters Control 

(n = 45) 

 CAD 

(n = 45) 

P-value 

TG (mg/dl) 136.37 ± 8.77 279.62 ± 18.11 < 0.001 

TC (mg/dl) 144.91 ± 7.27 230.24 ± 11.07 < 0.001 

HDL (mg/dl) 54.36 ± 3.55 23.56 ± 3.83 < 0.001 

LDL (mg/dl) 63.28 ± 8.11 114.76 ± 11.72 < 0.001 

VLDL (mg/dl) 27.27 ± 1.75 55.92 ± 3.62 < 0.001 

AC 1.67 ± 0.21 7.45 ± 1.45 < 0.001 

AIP 0.39 ± 0.04 1.07 ± 0.07 < 0.001 

CRI-I 2.67 ± 0.21 8.45 ± 1.45 < 0.001 

CRI-II 1.17 ± 0.19 5.02 ± 1.09 < 0.001 

H.S Troponin 
(ng/ml) 

0.02 ± 0.01 2.45 ± 0.48 < 0.001 

CRP(ng/ml) 898.80 ± 41.9 4409.95 ± 540.2 < 0.001 

Ca (mg/dl) 9.50 ± 0.44 10.55 ± 0.07 < 0.001 

Mg (mg/dl) 2.04 ± 0.15 1.39 ± 0.13 < 0.001 

Apelin (ng/ml) 3.50 ± 0.68 1.89 ± 0.39 < 0.001 

CGRP (pg/ml) 33.31 ± 5.08 26.96 ± 6.83 < 0.001 

P < 0.05 considered as significant 
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As shown in Table 2 and Fig. 1, apelin and CGRP levels 

were significantly reduced in CAD patients compared to 

controls. Apelin is a potent vasodilatory and 

cardioprotective peptide, and decreased circulating 

levels may reflect impaired vascular function or a 

diminished compensatory response to ischemia.32 

Similarly, CGRP—a neuropeptide with strong  

vasodilatory and anti-inflammatory actions was also 

reduced, suggesting weakened endogenous vascular 

protection in CAD patients.33 The diagnostic 

performance of these biomarkers was further evaluated 

using ROC analysis. Apelin demonstrated outstanding 

diagnostic utility, with an AUC of 0.894 and an optimal 

cutoff of 2.98 ng/mL, yielding high sensitivity (88.9%) 

and specificity (82.2%). In contrast, CGRP showed only 

moderate diagnostic accuracy (AUC: 0.691) with lower 

sensitivity (66.7%) and specificity (55.6%) at a cutoff of 

30.5 pg/mL. These findings indicate that apelin is a more 

robust and reliable biomarker for CAD diagnosis, 

whereas CGRP alone offers limited discrimination. ROC 

metrics reinforce that AUC values approaching 1 denote 

excellent diagnostic ability, whereas values below 0.5 

lack diagnostic significance.34  

5. CONCLUSION 
This study demonstrated that patients with coronary 

artery disease exhibit significantly reduced serum levels 

of apelin, CGRP, and magnesium, alongside marked 

elevations in lipid profile components 

(except HDL), atherogenic indices, body 

fat percentage, and calcium levels. ROC 

analysis revealed that apelin provides the 

highest diagnostic accuracy for CAD, with 

a cutoff value of 2.98 ng/mL yielding 

sensitivity of 88.9% and specificity of 

82.2%, indicating its strong potential as an 

independent biomarker. Although CGRP 

levels were also lower in CAD patients, its 

diagnostic performance was comparatively 

limited. Overall, apelin appears to be a 

promising early diagnostic indicator for 

CAD, and further large-scale, multi-center 

studies are recommended to validate these 

findings and explore its prognostic and 

therapeutic relevance. 
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