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Abstract  Background and Objectives: Coronary artery disease (CAD) is a state of insufficient supply of 
oxygenated blood to a part of myocardium. The most common cause of myocardial ischemia is atherosclerosis. 
Inflammation plays an important role in atherosclerosis and hence CAD. The principle inflammatory markers that 
believed to have a key position in the pathogenesis of CAD include fetuin-A protein, high sensitive C-reactive 
protein (hs-CRP), tumor necrosis factor-alpha (TNF-α), and soluble intracellular adhesion molecule-one (sICAM-1). 
The aim of study was carried out to evaluate fetuin-A protein and some inflammatory biomarkers in patients with 
coronary artery disease. Subjects and Methods: Ninety subjects above forty year old; (45) patients with acute 
coronary syndrome (ACS); were divided in three groups: Unstable angina (UA), non-ST- elevation myocardial 
infarction (NSTEMI), and ST-elevation myocardial infarction (STEMI), all selected from Coronary Care Unit 
(CCU), and (45) apparently healthy age and sex matched subjects as controls. Five milliliters (5ml) of venous blood 
sample were drawn from each patient and healthy persons (controls), centrifuged to obtain serum, to be used for 
measuring the following variables: Fetuin-A protein, hs-CRP, TNF-α, sICAM-1. Results: Fetuin-A protein was 
significantly lower, while hs-CRP, TNF- α, and sICAM-1 were higher in patients. A low Fetuin-A protein level was 
inversely associated with increasing age. A high TNF- α level was associated with increased BMI. Conclusions: 
Lower serum Fetuin-A level, and higher serum levels of hs-CRP, TNF- α, and sICAM-1 are associated with ACS. 
The future may be promising in rising of anew tests that use for evaluation of patients with suspected ACS. 
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1. Introduction 
Coronary artery disease is a prevalent disease worldwide 

and is associated with significant morbidity and mortality. 
The most common cause of myocardial ischemia is 
atherosclerosis; which is a progressive inflammatory 
disorder of the arterial wall that is characterized by 
occlusion in the coronary artery(s) resulting in acute 
coronary syndrome (ACS); the STEMI, NSTEMI, and UA. 
Acute coronary syndrome (ACS) represents a life-threatening 
manifestation of atherosclerosis [1]. Inflammation is the 
key mechanism in the pathogenesis of atherosclerosis. It is 
difficult to measure the inflammatory process of 
atherosclerosis directly, however; there is a rising concern 
in biomarkers of inflammation [2].The principle 
inflammatory markers that believed to have a key position 
in the pathogenesis of CAD include fetuin-A protein, hs-
CRP, TNF-α, and sICAM-1. 

Fetuin-A protein is Alpha 2-Heremans Schmid 
glycoprotein (AHSG) of 62 kilo Dalton (KD).It belongs to 
the class of cysteine proteinase inhibitors, which are 
responsible for bone resorption [3,4]. It as a negative acute 

phase reactant synthesized by the liver cells, it is 
responsible for preventing calcium and phosphate 
precipitation in the blood by increasing their solubility and 
inhibiting calcium crystal growth [5]. Fetuin-A is 
participating in macrophage deactivation by being as anti-
inflammatory mediators [6]. According to the 
atherosclerosis lesions, calcium nodules might stimulate 
plaque rupture, as fetuin-A protein inhibit calcification so 
low fetuin-A levels are associated with atherosclerosis, 
inflammation and cardiovascular risk [5,6,7]. 

High sensitive C-reactive protein is a positive acute 
phase protein synthesized by the liver cells, its level rises 
in response to inflammation [8], hs-CRP release is 
triggered by various pro inflammatory stimulants as 
cytokines, oxidized LDL, and infectious agents [9]. In 
patients with coronary artery disease (CAD), increased 
level of hs-CRP is regarded as an important prognostic 
indicator for risk stratification in acute and recurrent 
attack as it is directly and actively participates in both 
atherogenesis and atheromatous plaque disruption [10]. 

Tumor necrosis factor-alpha (TNF-α) is a proinflammatory 
cytokine, is mainly produced by monocytes or macrophages, 
it induces atherosclerosis in coronary arteries by increasing 
permeability of endothelial cells, promoting monocyte 
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adhesion, inducing macrophage differentiation, and 
promoting foam cell formation [11]. TNF-α production is 
increased in unstable atherosclerotic plaques and in 
patients with acute myocardial infarction [12]. 

Intercellular adhesion molecule-one (ICAM-1), the 
CD54, is a transmembrane protein that is expressed on the 
surface of the immune cell and other cell types during 
inflammation. Both macrophages and endothelial cells 
produce ICAM-1 in response to inflammatory cytokines. 
Increased ICAM-1 expression augments Immune 
responses and leukocyte accumulation in inflamed tissues 
[13,14]. 

Circulatory ICAM-1 which is the soluble ICAM-1 
(sICAM-1) concentrations is useful indicators of the 
presence of atherosclerosis and the severity of coronary 
artery disease (CAD) [15]. 

2. Subjects and Methods 
This study was carried out at Coronary Care Unit (CCU) 

at Basra Teaching Hospital and Basra General Hospital, 
Basra, Iraq, for the periods from 1st September 2013 to 
25th April 2014. Ethical approval was obtained from ethics 
committee of the College of Pharmacy/ University of 
Baghdad. A total of ninety consecutive individuals were 
participated in this study meet the inclusion and exclusion 
criteria. Forty five patients with acute coronary syndrome 
(ACS), 23 males and 22 females, were divided into three 
sub-groups; 12 patients with UA (6 males & 6 females), 
12 patients with NSTEMI (6 males & 6 females), and 21 
patients with STEMI (11 males & 10 females).Their ages 
ranged between (40-80; with a mean of a 59.3 ± 10.1 year). 
The diagnosis was made by a cardiologist depending on 
history, physical examination, ECG, and some biochemical 
parameters. Forty five apparently healthy asymptomatic 
subjects were participated as a control group for 
comparison; 23 males and 22 females. Their ages ranged 
between(40-80; with amean of a 58.8 ± 11.2 year).  

Patients with chronic renal failure, newly diagnosed 
diabetes mellitus, and receiving thrombolytic therapy were 
excluded from the study. 

Five milliliters of venous blood sample were drawn 
from each patient and healthy persons. The sample was 
transferred into a gel containing tube, and was left at room 
temperature for at least 30 minutes for clotting, then 
centrifuged at 1000 rpm for 10 minutes to obtain a serum, 
which was separated and used for measuring the following 
variables: Fetuin-A protein, hs-CRP, TNF-α, sICAM-1. 

Measurement of fetuin-A, hs-CRP, TNF-α, and 
sICAM-1 levels were performed by using commercially 
available Enzyme-linked Immune Sorbent Assay (ELISA) 
kits in accordance with the supplier’s instructions. Serum 
fetuin-A was measured by Human Fetuin-A ELISA of 
Diametra®/Italy supplier. The principle of this test is based 
on the simultaneous binding of human fetuin-A by two 
different monoclonal antibodies, one coated on the 
microplate and the other conjugated with biotin. The 
results were expressed as nanogram per milliliter (ng/ml) 
[16]. HS-CRP ELISA kit of DRG®/USA supplier, is based 
on the principle of a solid phase, sandwich-format, and 
immune metric assay for the rapid determination of CRP 
in human serum. The results were expressed as microgram 
per milliliter (µg/ml) [17]. The TNF-α ELISA kit of 

Beckman coulter®/Germany supplier, is a sandwich assay 
for the determination of TNF-α in serum. The results were 
expressed as picogram per milliliter (pg/ml) [18]. The 
sICAM-1 ELISA kit of DRG®/USA is intended for 
quantitative determination of soluble ICAM-1 in human 
serum. sICAM-1 was assayed by a sandwich ELISA kit. 
The results were expressed as (ng/ml) [19]. Calculating 
body mass index (BMI); it is defined as the weight in 
kilograms divided by the square of the height in meters 
(kg/m2) according to the following equation: 
BMI=weight/height2[20].  

2.1. Statistical Analysis 
All data analyzed using statistical package of social 

science (SPSS for windows version 20.0; Chicago, IL, 
USA) computer program. Statistical analysis included 
descriptive statistics, tables and figures (bar diagrams, 
scatter plots, and box plots). Statistical analysis included t-
test, ANOVA test, and Person correlation coefficient test 
for quantitative variables, and Chi-square test for 
qualitative variables. In this analysis, the statistical 
significant association was determined, all p values were 
based on 2-sided tests, and p < 0.05 was considered 
statistically significant.  

3. Results 

3.1. Markers of Inflammation 
The general characteristics of the study groups, as well 

as laboratory variables are shown in Table 1 and Table 2. 
The study group included 90 subjects 45 patients (23 

males & 22 females) and 45 controls (23 males & 22 
females). As shown in Table 1, the age and gender were 
similar between controls and patients, the mean age for 
patients and controls were 59.3 ± 10.1; 58.8 ±11.2 years 
respectively. The mean value of BMI for patients and 
controls were 27.5 ± 3.8; 24.6 ± 2.8 kg/m2 respectively, 
the BMI of controls was significantly lower than the BMI 
of patients, P<0.05. The percentage of smokers was 
significantly higher in patients (53.3%) than in controls 
(31.1%), P<0.05. 

Table 1. General characteristic of studied patients and controls 
General characteristics Controls (45) Patients (45) P value 
Age, mean ± SD 58.8 ± 11.2 59.3 ± 10.1 0.590 
Gender, No. (%)   1.000 
Male 23 (51.1) 23 (51.1)  
Female 22 (48.9) 22 (48.9)  
BMI, mean ± SD 24.6 ± 2.8 27.5 ± 3.8 0.001* 
Smoking history, No. (%)   0.032* 
Smoker 14 (31.1) 24 (53.3)  
Non-smoker 31 (68.9) 21 (46.7)  
* P value < 0.05 considered significant. 

Table 2. Concentrations of serum parameters 
 
Serum parameters 

Controls (44) 
Mean ± SD 

Patients (45) 
Mean ± SD 

 
P value * 

Fetuin-A, ng/ml 78.0 ± 17.5 61.6 ± 18.3 0.001 

Hs-CRP, µg/ml 3.1 + 1.3 4.0 ± 1.6 0.004 

TNF-alpha, pg/ml 23.4 ± 13.7 43.6 ± 20.4 0.001 

sICAM-1, ng/ml 33.1 ± 11.0 38.7 ± 11.2 0.020 
* P value < 0.05 considered significant. 
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Table 2 reveals the serum levels of serum fetuin-A, 
serum hs-CRP, serum TNF-alpha, and serum ICAM-1 in 
controls and patients. Patients with CAD showed lower 
Fetuin-A levels than controls (61.6 ± 18.3 Versus 78.0 ± 
17.5 ng/ml), (p< 0.05) as shown in (Figure 1). Patients 
showed higher hs-CRP levels than controls (4.0 ± 1.6 

Vs.3.1± 1.3 µg/ml), (p< 0.05). The TNF-α levels in 
patients were higher than controls (43.6 ± 20.4 Vs. 23.4 ± 
13.7 pg/ml), (p< 0.05). Patients showed higher levels of 
sICAM-1 than controls (38.7 ± 11.2 Vs. 33.1 ± 11.0 ng/mL), 
(p< 0.05). 

 

Figure 1. The mean ± SD serum fetuin-A (ng/ml) in controls and patients 

Table 3. Biochemical parameters of the patients and controls 

Blood Parameters 
Patients (12) 

UA 
Mean ± SD 

Patients (12) 
NSTEMI 

Mean ± SD 

Patients (21) 
STEMI 

Mean ± SD 

Control (45) 
Mean ± SD 

S. Fetuin –A protein (ng/ml) 62.2±13.9* 60.8±17.3* 61.6±21.6* 78.0 ± 17.5 

S. hs-CRP (µg/ml) 3.2±1.3 4.4±2.1* 4.3±1.3* 3.1 ± 1.3 

S. TNF-α (pg/ml) 45.0±23.4* 44.8±19.9* 42.1±19.9* 23.4±13.7 

S. ICAM (ng/ml) 36.9±8.3 40.7±10.1* 41.4±11.9* 33.1±11.0 
* Significant difference from controls, p<0.05. 

Biochemical parameters of the patients and controls are 
shown in (Table 3). 

Data presented in Table 3 indicates that, Fetuin-A 
levels were lower in all subtypes of acute coronary 
syndrome (p<0.05).Patients with NSTEMI showed lower 
Fetuin-A levels than (STEMI and UA) as compared with 
controls (60.8±17.3; 61.6±21.6; 62.2±13.9 ng/mL, 
respectively, p<0.05) Vs. (control 78.0±17.5 ng/mL),as 
shown in (Figure 2). According to the high sensitive C-
reactive protein, patients with STEMI and NSTEMI 
showed higher levels of hs-CRP than control subjects (4.3 
± 1.3; 4.4 ± 2.1 µg/ml, respectively, p<0.05) Vs. (control 
3.1 ± 1.3 µg/ml), Patients with UA showed no significant 
difference in serum hs-CRP levels (p>0.05). 

As presented in Table 3, patients with UA showed 
higher TNF-α levels than (NSTEMI and STEMI) as 
compared with controls (45.0±23.4; 44.8 ±19.9; 42.1±19.9 
pg/mL, respectively, p<0.05) Vs. (control 23.4 ± 13.7 
pg/mL). Patients with STEMI and NSTEMI showed 
higher levels of sICAM-1 than control subjects (41.4 ± 
11.9; 40.7 ± 10.1 ng/ml, respectively, p<0.05) Vs. (control 
33.1 ± 11.0 ng/ml), Patients with UA showed no 
significant alteration in serum ICAM-1 levels (p>0.05). 

3.2. Correlations Studies 
Pearson’s correlation showed a significant negative 

association between serum level of fetuin-A and the age (r 
= -0.742, p = 0.001 at the p < 0.01 level), as shown in 
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(Figure 3). TNF-α showed a significant positive association with BMI (r = 0.357, p = 0.001 at the p < 0.01 level). 

 

Figure 2. Serum fetuin-A (ng/ml) according to the diagnosis of patients and in controls 

 

Figure 3. Relationship between age and serum fetuin-A level 
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4. Discussion 
Inflammation is seen in all stages of atherosclerosis and 

is the responsible cause of plaque rupture. In this study the 
fetuin-A protein was significantly decreased in patients 
with coronary artery disease, this result was the same 
finding in other studies that have documented a correlation 
between serum fetuin-A protein and CAD [21]. It still 
unknown mechanism that cause reduction in fetuin-A 
level during chronic inflammation (atherosclerosis). 
Fetuin-A protein is an anti-inflammatory mediator play an 
important role in preventing calcium deposition and 
inhibition of unwanted (vascular) calcification, so as 
fetuin-A level decreased, calcium deposition is increased 
that lead to narrowing of coronary artery; result in CAD 
and aortic calcification and stenosis [22,23,24]. Fetuin-A 
level was significantly lower in STEMI and NSTEMI and 
to a lesser extent in UA. This was supported by Lim et al., 
and Bilgiret al. findings which assumed that in (STEMI, 
and NSTEMI), fetuin-A has anti-inflammatory role in 
counter-regulating the innate immune response, that 
participates in macrophage deactivation, where as a low 
fetuin-A concentration will facilitate the ongoing 
inflammatory process and also the overproduction of 
cardio-toxic cytokines such as tumor necrosis factor which 
will expose patients to a high risk of recurrence of ACS 
[21,22,23,24]. No available data about the role and level 
of fetuin-A in UA. In the present study a low Fetuin-A 
protein level was inversely associated with increasing age. 

High sensitive - CRP, was significantly elevated in 
patients with ACS; the in STEMI and NSTEMI. This was 
supported by the  Sheikh A. study who demonstrated the 
higher level of hs-CRP in patients with NSTEMI and 
STEMI [10], however hs-CRP level was not significantly 
increase in patients with UA, this conflicted by Sheikh A. 
study who found a significant increase in hs-CRP level in 
UA [10]. 

In present study the low fetuin-A level combined with 
high concentrations of hs-CRP indicated a severe 
inflammatory process. This was supported by Lim P. et al. 
study [21]. 

Tumor necrosis factor-alpha (TNF-α) is a proinflammatory 
cytokine, it induces the genes expression associated with 
inflammation, coagulation and proliferation so, it 
represent key mediators of endothelial dysfunction and 
atherosclerosis [25]. In the present study TNF- α was 
significantly increased in patients with ACS; the UA, 
NSTEMI, and STEMI. This was as the same as in Rajappa 
et al. study who found that TNF-α was increased significantly 
in patients with different subtypes of ACS [26]. In this 
study, TNF-α and BMI are positively associated, this 
result is supported by Swaroop J. study [27]. 

The sICAM-1 level was significantly elevated in 
patients with ACS and much more significant higher in 
NSTEMI and STEMI groups. This was consistent with 
numerous studies that have documented a correlation 
between sICAM-1 and CAD [15,28]. The result was 
demonstrated that sICAM-1 plays an important role in the 
development and progression of coronary atherosclerosis. 
sICAM-1 renders vulnerability to the atherosclerotic 
plaque by triggering the fissure, rupture, and subsequent 
thrombosis, leading to cause unstable angina and acute 
myocardial infarction. sICAM-1 level did not increase 

significantly in patients with UA. There is still limited 
information about the association of sICAM-1 with UA. 
Lu H. et al. found a significant increase in sICAM-1 level 
in UA [15], while Bossowska A. et al. study concluded 
that the evaluation of adhesion molecules (sICAM-1) in 
patients with heart diseases can be nonspecific markers of 
activity of inflammatory process in coronary vascular 
endothelium [29]. 

5. Conclusion 
•  Serum fetuin-A levels is significantly decreased in 

patients with acute coronary syndrome. 
•  Acute coronary syndrome is associated with elevated 

level of each of hs-CRP, TNF-α, and s-ICAM-1. 
•  In future fetuin-A level and other inflammatory 

biomarkers mentioned above may be used to evaluate 
patients with suspected ACS. 
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