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Abstract 

Objectives: This study aimed to investigate the clinical significance of Visfatin and selected 

immunological biomarkers in conjunction with conventional cardiac biomarkers among patients 

diagnosed with myocardial infarction (MI) in Ramadi City, Iraq. 

Methods: A case-control study was conducted between November 2023 and January 2024, involving 

80 participants aged 45-70 years. The study cohort included 50 patients with clinically confirmed 

myocardial infarction and 30 apparently healthy individuals who served as the control group. Serum 

levels of Creatine Kinase-MB (CK-MB), Troponin-T, N-terminal pro-brain natriuretic peptide (NT-

proBNP), and Visfatin were measured. In addition, plasma concentrations of interleukin-32 (IL-32) and 

interleukin-37 (IL-37) were determined using standardized immunoassay techniques. Statistical 

analyses were performed to compare biomarker levels between patients and controls. 

Results: Patients with myocardial infarction demonstrated significantly elevated serum levels of CK-

MB, Troponin-T, and NT-proBNP compared with healthy controls (P ≤ 0.0001). Furthermore, plasma 

concentrations of IL-32 and IL-37 were markedly increased in the MI group (P ≤ 0.0001), indicating 

enhanced inflammatory and immunological activity. In contrast, serum Visfatin levels were 

significantly decreased in patients with myocardial infarction relative to the control group (P ≤ 0.0001). 

Conclusions: The present findings indicate that IL-32, IL-37, and NT-proBNP are strongly associated 

with myocardial infarction and may serve as valuable diagnostic and prognostic biomarkers. The 

observed reduction in Visfatin levels among MI patients suggests a potential protective or regulatory 

role in cardiovascular pathology and highlights its possible utility as a novel biomarker for myocardial 

infarction in the Iraqi population. 
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1. Introduction 

Cardiovascular diseases (CVDs) remain one of the leading causes of morbidity and mortality 

worldwide and represent a major public health challenge. Although the prevalence of CVD 

has declined in many developed countries due to advances in preventive and therapeutic 

strategies, risk factors such as obesity, diabetes mellitus, sedentary lifestyle, and metabolic 

disorders continue to contribute significantly to disease burden and mortality rates [1, 2]. 

Myocardial infarction (MI) is characterized by irreversible myocardial cell injury resulting 

from prolonged ischemia caused by coronary artery obstruction. Early ultrastructural 

alterations following ischemia include depletion of cellular glycogen, myofibrillar relaxation, 

and disruption of the sarcolemma within minutes after the ischemic event [3]. Acute 

myocardial infarction (AMI) may lead to severe complications, including cardiogenic shock, 

which is associated with impaired cardiac output, tissue hypoperfusion, and systemic 

hypoxia [4]. 

Inflammation plays a fundamental role in the initiation and progression of myocardial injury. 

Acute ischemic damage promotes the recruitment of inflammatory cells and stimulates the 

release of numerous cytokines involved in immune and inflammatory responses [5]. Excessive 

production of inflammatory mediators contributes to endothelial dysfunction, cardiomyocyte 

apoptosis, and deterioration of cardiac function [6, 7]. Consequently, inflammatory biomarkers 

have attracted increasing attention as potential indicators of cardiovascular injury and 

prognosis.
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Interleukin-37 (IL-37), a member of the IL-1 cytokine 

family, is recognized as an anti-inflammatory mediator with 

immunosuppressive properties. It regulates innate and 

adaptive immune responses and has demonstrated protective 

effects against inflammatory disorders in experimental 

models [8-10]. IL-37 is produced by several cell types, 

including macrophages, endothelial cells, smooth muscle 

cells, and dendritic cells [11]. Previous studies have suggested 

a potential association between elevated IL-37 levels and 

cardiovascular diseases, particularly acute myocardial 

infarction [12, 13]. 

Interleukin-32 (IL-32) is another multifunctional cytokine 

involved in inflammatory signaling, apoptosis, and immune 

regulation. IL-32 has been implicated in atherosclerotic 

plaque instability through stimulation of matrix 

metalloproteinases and activation of inflammatory pathways 

such as nuclear factor kappa-B (NF-κB) and p38 mitogen-

activated protein kinase (MAPK) (14-16). Furthermore, IL-

32 may contribute to myocardial remodeling and fibrosis by 

enhancing the expression of procollagen and transforming 

growth factor-beta (TGF-β), thereby increasing the risk of 

adverse cardiac events following MI [17]. 

Cardiac biomarkers remain essential tools in the diagnosis 

and assessment of myocardial infarction. Cardiac troponin-T 

(cTn-T) is considered the gold standard biomarker for 

myocardial injury due to its high sensitivity and specificity, 

particularly with the development of high-sensitivity assays 

[18]. Creatine kinase-MB (CK-MB) also plays a valuable role 

in evaluating myocardial necrosis, although troponins 

demonstrate superior diagnostic performance [19]. In 

addition, N-terminal pro-brain natriuretic peptide (NT-

proBNP) is widely used to assess cardiac dysfunction and 

ventricular stress, especially in patients with heart failure 

and acute coronary syndromes [20, 21]. 

Visfatin, also known as nicotinamide 

phosphoribosyltransferase (NAMPT), is an adipocytokine 

involved in inflammatory and metabolic pathways. It has 

been associated with endothelial dysfunction, vascular 

inflammation, and atherosclerosis [22, 23]. Visfatin may 

contribute to cardiovascular pathogenesis through its pro-

inflammatory activity and its effects on vascular smooth 

muscle cells and endothelial integrity. However, studies 

investigating visfatin levels in myocardial infarction have 

reported inconsistent findings, suggesting the need for 

further investigation, particularly in different populations [24, 

25]. 

Therefore, the present study aimed to evaluate serum 

Visfatin levels and selected immunological biomarkers, 

including IL-32 and IL-37, in patients with myocardial 

infarction in Ramadi City, Iraq, and to investigate their 

association with conventional cardiac biomarkers and 

disease status. 

 

2. Materials and Methods 

Study Population 

Healthy Control Group 

The healthy control group (Group B) consisted of 30 

apparently healthy Iraqi males and females matched to the 

patient group in terms of age and gender. Individuals 

included in the control group had no history of myocardial 

infarction, ischemic heart disease, hypertension, diabetes 

mellitus, smoking, or alcohol consumption. In addition, 

none of the participants had acute or chronic inflammatory 

diseases, severe systemic disorders, or active infections at 

the time of sample collection. All healthy controls were free 

from medication use and had no clinically diagnosed 

medical conditions. 

 

Myocardial Infarction Group 

The patient group (Group A) included 50 individuals 

diagnosed with myocardial infarction (MI), with ages 

ranging from 45 to 70 years. Patients were recruited from 

the Cardiac Care Units (CCU) of the General Teaching 

Hospitals in Ramadi and Fallujah between November 2023 

and January 2024. Diagnosis of MI was confirmed by 

specialist physicians based on clinical examination, 

electrocardiographic findings, and cardiac biomarker 

evaluation. Blood samples were collected within 48 hours 

after the onset of myocardial infarction following informed 

consent from all participants. 

 

Blood Sample Collection 

Venous blood samples were collected from both patients 

and healthy controls in the early morning between 8:00 and 

10:30 a.m. after an overnight fasting period of 

approximately 12 hours. A total of 8 mL of venous blood 

was obtained from each participant under aseptic conditions. 

Blood samples were transferred into plain gel tubes without 

anticoagulant and allowed to clot at room temperature (23-

27°C) for approximately one hour. Serum was separated by 

centrifugation at 3000 ×g for 15 minutes and subsequently 

stored at −20°C until biochemical and immunological 

analyses were performed. 

 

Biochemical and Immunological Analysis 

Determination of Creatine Kinase-MB (CK-MB) 

Serum CK-MB levels were measured using the FUJI DRI-

CHEM ANALYZER according to the manufacturer’s 

instructions. Quality control procedures were performed 

before sample analysis using the appropriate quality control 

card. Serum samples were loaded onto the analyzer, and the 

assay was performed automatically following entry of 

sample identification and sequence numbers. 

 

Determination of Cardiac Troponin-T (cTn-T) 

Serum cardiac Troponin-T concentrations were determined 

using the ichroma™ immunofluorescence assay system 

according to the manufacturer’s protocol. Briefly, 75 μL of 

serum sample was mixed with 75 μL of detection buffer and 

vortexed thoroughly. Subsequently, 75 μL of the prepared 

mixture was dispensed into the cartridge well and incubated 

at 23-27°C for 12 minutes. The cartridge was then inserted 

into the ichroma™ Reader for automated fluorescence 

measurement and result interpretation. 

 

Determination of Serum Visfatin Levels 

Serum Visfatin concentrations were measured using a 

commercially available enzyme-linked immunosorbent 

assay (ELISA) kit (Catalog No: E0025Hu) according to the 

manufacturer’s instructions. All reagents and samples were 

equilibrated to room temperature (18-25°C) prior to 

analysis. 

Briefly, standards and serum samples were added to ELISA 

plate wells followed by anti-Visfatin antibody and 

streptavidin-HRP conjugate. After incubation at 37°C for 60 

minutes, the plate was washed five times using wash buffer. 

Substrate solutions A and B were added sequentially, and 

the plate was incubated in the dark for 10 minutes. The 
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enzymatic reaction was terminated by adding stop solution, 

and absorbance was measured at 450 nm using a microplate 

reader. 

 

Measurement of N-terminal Pro-Brain Natriuretic 

Peptide (NT-proBNP) 

Serum NT-proBNP levels were measured using the Cobas e 

411 analyzer (Roche Diagnostics, Germany) based on the 

electrochemiluminescence sandwich immunoassay 

technique. Device calibration was performed using CAL1 

and CAL2 calibration solutions prior to sample analysis. 

Serum samples were loaded into the sample wheel, and all 

analyses were conducted automatically according to the 

manufacturer’s instructions. 

 

Measurement of Plasma IL-32 and IL-37 Levels 

Plasma concentrations of interleukin-32 (IL-32) and 

interleukin-37 (IL-37) were quantified using commercially 

available enzyme-linked immunosorbent assay (ELISA) kits 

according to the manufacturers’ protocols. 

 

Statistical Analysis 

Statistical analysis was performed using GraphPad Prism 

version 7 and the Statistical Package for Social Sciences 

(SPSS) version 24. Data were expressed as mean ± standard 

deviation (SD). Comparisons between groups were 

conducted using appropriate statistical tests, and a p-value ≤ 

0.05 was considered statistically significant. 

 

3. Results and Discussion 

Serum Levels of CK-MB, Troponin-T, Visfatin, and NT-

proBNP 

Table 3.1 presents the serum levels of CK-MB, Troponin-T, 

Visfatin, and NT-proBNP in myocardial infarction (MI) 

patients and healthy controls. 

 
Table 3.1: Mean ± SD of CK-MB, Troponin-T, Visfatin, and NT-

proBNP in MI Patients and Healthy Controls 
 

Parameters Healthy Controls MI Patients P-value 

CK-MB (IU/mL) 81.32 ± 32.18 196.87 ± 40.14 0.0001 

Troponin-T (ng/mL) 0.213 ± 0.0462 6.174 ± 0.8137 0.0001 

Visfatin (ng/mL) 19.61 ± 3.756 11.92 ± 4.641 0.0001 

NT-proBNP (pg/mL) 33.8 ± 21.04 1512.5 ± 95.2 0.0001 

 

The present study demonstrated a highly significant increase 

in serum CK-MB and Troponin-T levels in MI patients 

compared with healthy controls (P < 0.0001). Serum 

Troponin-T levels increased from 0.213 ± 0.0462 ng/mL in 

healthy controls to 6.174 ± 0.8137 ng/mL in MI patients, 

whereas CK-MB levels increased from 81.32 ± 32.18 

IU/mL to 196.87 ± 40.14 IU/mL. 

These findings confirm the clinical importance of cardiac 

biomarkers in the diagnosis of myocardial infarction. 

Cardiac troponins are highly specific markers of myocardial 

injury due to their exclusive localization within cardiac 

muscle tissue. Following myocardial ischemia, disruption of 

cardiomyocyte membrane integrity results in the release of 

intracellular proteins into the circulation, including CK-MB 

and cardiac troponins [29, 30]. Troponin-T typically rises 

within 6-8 hours after myocardial injury, reaches peak 

concentrations within 12-24 hours, and remains elevated for 

several days, making it a highly sensitive and specific 

biomarker for acute myocardial infarction [31, 32]. 

Similarly, CK-MB remains an important indicator of 

myocardial necrosis, particularly during the early phase of 

infarction and for detection of reinfarction because of its 

shorter half-life and return to baseline within 36-48 hours 
[33]. The combined use of CK-MB and Troponin-T improves 

diagnostic sensitivity during the acute phase of myocardial 

infarction. 

In contrast, serum Visfatin levels were significantly 

decreased in MI patients (11.92 ± 4.641 ng/mL) compared 

with healthy controls (19.61 ± 3.756 ng/mL) (P < 0.0001). 

These findings are consistent with previous studies reporting 

reduced Visfatin concentrations in patients with myocardial 

infarction [34]. However, contradictory findings have also 

been reported in the literature, where elevated Visfatin 

levels were associated with cardiovascular disease and 

atherosclerosis [35]. 

Visfatin is a multifunctional adipocytokine involved in 

inflammatory regulation, endothelial dysfunction, and 

vascular remodeling. It is expressed in macrophages and 

foam cells within unstable atherosclerotic plaques and may 

contribute to plaque destabilization and inflammatory 

activation [36, 37]. The reduction observed in Visfatin levels in 

the present study may be related to excessive inflammatory 

cell recruitment and altered metabolic responses during 

acute myocardial infarction. 

Serum NT-proBNP levels showed a marked elevation in MI 

patients compared with controls (1512.5 ± 95.2 pg/mL vs. 

33.8 ± 21.04 pg/mL; P < 0.0001). NT-proBNP is secreted 

primarily in response to ventricular wall stress, myocardial 

ischemia, and impaired ventricular function. Elevated NT-

proBNP concentrations reflect myocardial dysfunction and 

ventricular overload associated with acute myocardial 

infarction and heart failure [38]. 

The significant increase observed in the current study 

supports previous reports demonstrating that NT-proBNP is 

a valuable biomarker for assessing cardiac dysfunction, 

ventricular remodeling, and prognosis in MI patients [39]. 

Elevated NT-proBNP levels are strongly associated with 

increased mortality risk and reduced left ventricular function 

following myocardial infarction [40]. 

 

Plasma Levels of IL-32 and IL-37 

 
Table 3.2: Mean ± SD of IL-32 and IL-37 in MI Patients and 

Healthy Controls 
 

Parameters Healthy Controls MI Patients P-value 

IL-32 (pg/mL) 88.98 ± 3.453 318.83 ± 4.591 P < 0.001 

IL-37 (pg/mL) 26.34 ± 43.84 245.36 ± 33.08 P < 0.001 

 

The present findings demonstrated a highly significant 

increase in plasma IL-32 and IL-37 levels in myocardial 

infarction patients compared with healthy controls (P < 

0.001). Plasma IL-32 concentrations increased from 88.98 ± 

3.453 pg/mL in controls to 318.83 ± 4.591 pg/mL in MI 

patients, while IL-37 levels increased from 26.34 ± 43.84 

pg/mL to 245.36 ± 33.08 pg/mL. 

IL-32 is a pleiotropic cytokine involved in inflammatory 

signaling pathways and has been implicated in the 

progression of atherosclerosis and plaque instability. 

Previous studies demonstrated that IL-32 stimulates 

inflammatory mediators through activation of NF-κB and 

MAPK signaling pathways, thereby contributing to vascular 

inflammation and myocardial injury [41, 42]. Elevated IL-32 
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levels may therefore reflect increased inflammatory activity 

during acute myocardial infarction. 

The current results are consistent with previous 

investigations demonstrating a positive association between 

IL-32 levels and the severity of coronary artery disease [43]. 

Increased IL-32 expression may contribute to macrophage 

activation, plaque destabilization, and adverse 

cardiovascular outcomes. 

Similarly, IL-37 levels were markedly elevated in MI 

patients. IL-37 is recognized as an anti-inflammatory 

cytokine with immunomodulatory properties. Increased IL-

37 expression during myocardial infarction may represent a 

compensatory protective response aimed at limiting 

excessive inflammation and reducing myocardial injury [44]. 

Experimental studies have shown that IL-37 suppresses 

inflammatory cytokine production, reduces myocardial 

fibrosis, and protects cardiomyocytes against ischemic 

injury [45]. 

Despite its anti-inflammatory role, elevated IL-37 levels 

have also been associated with severe coronary artery 

disease and acute coronary syndrome, suggesting that 

increased circulating IL-37 may reflect heightened 

inflammatory burden and disease severity [46]. Therefore, IL-

37 may serve as both a regulatory cytokine and a potential 

biomarker for cardiovascular disease progression. 

 

Receiver Operating Characteristic (ROC) Curve 

Analysis 

Receiver operating characteristic (ROC) curve analysis was 

performed to evaluate the diagnostic performance of the 

investigated biomarkers in differentiating myocardial 

infarction patients from healthy controls. 

 
Table 3.3: Area Under the Curve (AUC) Values for Biomarkers 

Used in MI Diagnosis 
 

Parameter AUC Std. Error P-value 

CK-MB (IU/mL) 0.9859 0.05652 <0.0001 

Troponin-T (ng/mL) 1.000 0.000 <0.0001 

Visfatin (ng/mL) 0.9245 0.02179 <0.0001 

NT-proBNP (pg/mL) 0.8479 0.03582 <0.0001 

IL-32 (pg/mL) 0.6170 0.07091 0.0769 

IL-37 (pg/mL) 0.9420 0.02515 <0.0001 

 

ROC curve analysis demonstrated that Troponin-T exhibited 

perfect diagnostic performance with an AUC value of 1.000, 

confirming its status as the gold-standard biomarker for 

myocardial infarction diagnosis. CK-MB also demonstrated 

excellent diagnostic accuracy with an AUC of 0.9859. 

Visfatin and IL-37 showed outstanding diagnostic 

performance with AUC values greater than 0.90, indicating 

high sensitivity and specificity for distinguishing MI 

patients from healthy individuals. NT-proBNP demonstrated 

good diagnostic accuracy with an AUC value of 0.8479. 

In contrast, IL-32 exhibited moderate diagnostic 

performance with an AUC of 0.6170, suggesting a weaker 

but still potentially relevant association with myocardial 

infarction. 

Collectively, these findings indicate that conventional 

cardiac biomarkers, particularly Troponin-T and CK-MB, 

remain the most reliable diagnostic indicators of myocardial 

infarction. However, inflammatory biomarkers such as IL-

37 and Visfatin may provide additional clinical value in 

evaluating inflammatory status and cardiovascular risk in 

MI patients. 

 

Conclusion 

The present study demonstrated that serum CK-MB and 

Troponin-T levels were significantly elevated in patients 

with myocardial infarction, confirming their importance as 

sensitive and reliable biomarkers for the early diagnosis of 

acute myocardial injury. NT-proBNP levels also showed a 

marked increase in MI patients, highlighting its clinical 

value in assessing myocardial dysfunction and cardiac stress 

associated with infarction. 

A significant reduction in serum Visfatin levels was 

observed among MI patients compared with healthy 

controls, suggesting a potential role for Visfatin as a novel 

biomarker in the diagnosis and risk assessment of 

myocardial infarction in the Iraqi population. These findings 

indicate that alterations in Visfatin levels may be associated 

with inflammatory and metabolic disturbances 

accompanying cardiovascular disease. 

Furthermore, plasma IL-32 and IL-37 concentrations were 

significantly increased in MI patients, supporting their 

involvement in inflammatory and immune responses during 

myocardial infarction. Elevated IL-32 levels may contribute 

to atherosclerotic progression, plaque instability, and 

macrophage-mediated inflammation, whereas increased IL-

37 levels may represent a compensatory anti-inflammatory 

response aimed at reducing myocardial injury and limiting 

inflammatory damage. 

Receiver operating characteristic (ROC) analysis 

demonstrated excellent diagnostic performance for 

Troponin-T, CK-MB, Visfatin, and IL-37, indicating their 

potential utility as diagnostic biomarkers for myocardial 

infarction. 

Overall, the findings of the present study emphasize the 

important role of inflammatory and cardiac biomarkers in 

the pathophysiology of myocardial infarction. Further large-

scale and multicenter studies are recommended to clarify the 

molecular mechanisms and therapeutic potential of Visfatin, 

IL-32, and IL-37 in cardiovascular diseases. 
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Fig 3.1: (A-F): Area under Curve Calculated from Receiver Operating Characteristic Curve for Studied Parameters 
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