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Abstract
Background and objective: Coronary artery disease is a chronic inflammatory disease in
which many risk factors and inflammatory mediators, including macrophage migration
inhibitory factor, are involved. This study aimed to estimate macrophage migration
inhibitory factor level in coronary artery disease patients in regard to age, gender, and
smoking.
Methods: A total of 138 coronary artery disease patients and 38 coronary artery disease
free control subjects were admitted to surgical specialty hospital-cardiac center in Erbil city,
Iraq between January and December 2017. Plasma macrophage migration inhibitory
factor concentration was measured by enzyme linked immunosorbent assay.
Results: Patients and controls were categorized into subgroups according to age (<55 and
≥55 years), gender (women and men), and smoking status (smokers and non-smokers).
Macrophage migration inhibitory factor level in every coronary artery disease subgroup
(age, gender, and smokers) patients increased significantly compared to the same control
subgroups (P <0.05). Macrophage migration inhibitory factor level showed a higher level in
coronary artery disease patients subgroups (≥55 years, female, smokers) compared
to their corresponding coronary artery disease subgroups (<55 years, male, and non
smokers). Macrophage migration inhibitory factor demonstrated a significant positive
correlation with fibrinogen and high sensitivity C-reactive protein, insignificant positive
correlation with age, total cholesterol, low density lipoprotein, and insignificant negative
correlation with high density lipoprotein-cholesterol (P >0.05).
Conclusion: This study demonstrated the diagnostic value of macrophage migration
inhibitory factor elevation in coronary artery disease patients if compared with coronary
artery disease free subjects, meanwhile suggesting that age, gender, and smoking had no
direct role in macrophage migration inhibitory factor elevation considering their secondary
minor contributions in macrophage migration inhibitory factor circulation.
Keywords: Coronary; Macrophage; Age; Gender; Smoking.
Introduction

in the formation, development, and
progression of atherosclerotic plaques.2
Various risk factors, such as gender,
smoking, obesity, hypertension, and
diabetes mellitus, are also implicated in
CAD development.3 The proinflammatory
cytokine, macrophage migration inhibitory
factor (MIF), has a critical contributing role
in the progression of atherosclerotic
plaques by regulating the recruitment of
various inflammatory cells towards plaque
lesions.4 Previous studies revealed that

Coronary artery disease (CAD) is
a consequence of the pathological process
of atherosclerosis. It affects medium and
large sized arteries and characterizes by
the formation of atherosclerotic plaque,
which is composed of necrotic center,
calcified area, and accumulation of
modified lipid, inflamed endothelial cells,
smooth muscle cells, leukocytes, and foam
cells.1 This demonstrates the significant
role of inflammatory cells and mediators
1
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MIF up regulation is linked with
macrophage adhesion, aggregation, and
formation of foam cells, indicating the
critical role of MIF in plaque instability and
susceptibility to rupture.5 Moreover,
a significant elevation of MIF level was
observed in acute coronary syndrome
patients compared to stable CAD
patients.6,7 Besides, elevated MIF revealed
a positive correlation with the degree
of cardiac infarction at first admitted
obtainable plasma sample, mainly denoted
the valuable utility of MIF as a predictive
biomarker for infarction size.8 On the other
hand, it was observed that blockade of this
atherogenic factor might lead to plaque
stabilization and regression, recognizing
MIF from other cytokines involved in
the pathology of atherosclerosis, and
determining why the possibility of
therapeutically targeting MIF should be
taken into consideration.9 This study aimed
to estimate the level of MIF in CAD patients
compared to subjects confirmed to be
free from CAD in association with some
risk factors such as age, gender, and
smoking.

admitted for chest pain that was not
associated with cardiac reasons, and
they confirmed to have normal COA.
Patients with any evidence of autoimmune,
inflammatory, or malignant diseases were
excluded from the study. Cases with post
MI, heart failure, or other related heart
manifestations and those with stroke,
recent surgery were also excluded from the
study. The study protocol was approved by
the research ethics committee in the
College of Medicine, Hawler Medical
University. Baseline information was
obtained through a direct personal
interview with all participants using a well
prepared questionnaire format. Body mass
index was calculated depending on the
standard equation (weight Kg /height m2).
Approximately 8 ml of the venous blood
sample was obtained from each patient
and control subjects once they were
admitted to the cardiac center and before
angiography. The obtained serum and
plasma were kept in many aliquot
tubes and stored at -80◦C for further
investigations. Plasma MIF concentration
was measured by sandwich ELISA
kits (Mybiosource, USA). Fibrinogen
concentration was determined using
Clauss method and Fibri-prestautomate,
(DiagnosticaStago, France) kit. Particle
enhanced immunoturbidimetric technique
was used to estimate serum hsCRP using
cobs 111 (Roche Diagnostics GmbH).
Based on the manufacture's instructions,
the lipid profile was estimated using cobs
111 (Roche Diagnostics GmbH).
Statistical analysis:
Data were analyzed using the statistical
package for the social sciences
(version 23.0). Comparison between two
independent variables was achieved using
t-test and expressed as mean ± standard
error (SE). Correlations between data were
analyzed by the Pearson correlation
coefficient test. A P value of <0.05 was
expressed as statistically significant.
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Methods
A case-control study was enrolled 138 CAD
patients and 38 control individuals who
were admitted to surgical specialty hospital
-cardiac center in Erbil City, Iraq between
January and December 2017. Coronary
angiography (COA) was done for all
participants through the right femoral
artery, and percutaneous coronary
intervention (PCI) was achieved only for
those patients who showed significant or
new critical arterial obstructions. Of 138
CAD patients, 100 patients had myocardial
infarction (MI) diagnosed according to
world health organization criteria,10 and 38
patients had stable angina pectoris (SAP)
who confirmed by COA to have critical
lesions, and had no recent change in the
incidence, and severity of angina chest
pain. The number of affected arteries was
determined according to the results of
COA. The control group included patients
2
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Results

illiterate, married, and working in the
private sector (69.57%, 46.38%, 82.61%,
and 70.29%, respectively). Patients were
mostly affected by three diseased arteries
(59.42%). Aspirin and statin were used in
the majority of the cases (94.20% and
78.26%, respectively). More details are
illustrated in Table 1.
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Table 1 displays the baseline information of
CAD patients. Patient age ranged between
35-85 years with a mean of 58.39 ±1.26
years. The mean value of BMI of
28.75±0.55 indicated the overweight
tendency of the patients. Higher
proportions of the cases were male,
Table 1: Baseline information of CAD patients.
Variables

CAD patients

Age (years)
Age range
BMI (kg/m²)
Lipid profile and ratios
TC (mg/dl)
HDL-C (mg/dl)
LDL-C (mg/dl)
Triglycerides (mg/dl)
Non-HDL (mg/dl)
TC/HDL ratio
LDL/HDL ratio
Inflammatory biomarkers
MIF (ng/ml)
Fibrinogen (mg/dl)
hsCRP (mg/L)
No (%)
Male
smokers
Myocardial infarction
Stable angina pectoris
Education Levels
Illiterate
Primary + secondary
High School and above
Marital status
Single
Married
Widowed / divorce
Occupation
Public sector
Private sector
Retired
Diseased vessels
1 vessel
2 vessels
3 vessels
Medications
Aspirin
Statin

58.39±1.26
(35-85) years
28.75±0.55
182.92±9.28
37.23±1.11
115.62±4.10
156.72±12.80
145.69±9.23
5.15±0.33
3.23±0.13
39.64±2.67
448.09±17.59
8.95±1.38
96(69.57)
95(68.84)
100(72.46)
38(27.54)
64(46.38)
48(34.78)
26(18.84)
5(3.62)
114(82.61)
19(13.77)
26(18.84)
97(70.29)
15(10.87)
31(22.46)
25(18.12)
82(59.42)
130(94.20)
108(78.26)

Data are presented mean ± SE and as number (%). Body mass index: BMI; Total cholesterol:
TC; MIF: macrophage migration inhibitory factor; hsCRP: high sensitivity C reactive protein;
DHL-C: high density lipoprotein-cholesterol;LDL-c; LDL: low density lipoprotein-cholesterol.
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In Table 2, patients and control group were
divided according to age (<55 and ≥55
years). MIF level in patients with both age
subgroups <55 and ≥55 years differed
significantly compared to control subgroups
(P <0.05). CAD patients with age subgroup
≥55 years had higher MIF level than CAD
patients with age subgroup <55 years.
Fibrinogen and hsCRP levels in CAD
subgroups <55 years differed significantly
compared to control with the same
age subgroup (P <0.05). No statistically
significant difference was observed for both

biomarkers between CAD and controls with
age subgroup ≥55 years (P >0.05). Lipid
profile and their ratios showed higher
levels in the youngest CAD subgroup
compared to the oldest one. A significant
difference was observed between CAD
and control subjects with age subgroups
<55 years for triglyceride, HDL-C, LDL-C,
TC/HDL, and LDL/HDL (P <0.05). Similar
significant results were observed for
HDL-C and LDL/HDL, LDL/HDL within age
subgroups ≥55 years (P <0.05).
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Table 2: Comparison of MIF level and other inflammatory biomarkers, lipid profile between
CAD patients and controls in regard to age subgroups (<55, and ≥55).
CAD
patients

Controls

< 55
(n = 59)

< 55
(n= 19)

Variables

CAD patients

Controls

≥55
(n = 79)

≥55
(n = 19)

P value

P value

Inflammatory biomarkers
MIF (ng/ml)
Fibrinogen (mg/dl)
hsCRP (mg/L)

38.17±4.27

20.58±4.23

0.025

40.78±3.43

21.43±6.06

0.021

419.37±26.81

303.30±29.54

0.020

470.18±22.98

409.36±33.17

0.259

9.01±2.26

1.47±0.34

0.042

8.91±1.75

2.70±0.49

0.119

Lipid profile and lipid ratios
TC (mg/dl)

201.04±19.23

158.16±16.30

0.207

168.98±6.61

172.28±15.92

0.840

Ttiglyceride (mg/
dl)

174.13±19.03

101.57±12.63

0.032

143.33±17.19

148.07±15.21

0.903

HDL-C (mg/dl)

37.28±1.92

53.08±2.85

0.001

37.19±1.33

45.06±3.97

0.026

LDL-C (mg/dl)

118.38±6.00

87.94±9.44

0.011

113.50±5.64

100.08±13.54

0.338

Non-HDL (mg/dl)

163.75±19.41

105.07±16.93

0.091

131.79±6.10

127.22±16.17

0.766

TC/HDL

5.76±0.69

3.08±0.35

0.029

4.69±0.21

4.03±0.43

0.210

LDL/HDL

3.32±0.20

1.72±0.21

0.001

3.16±0.18

2.33±0.30

0.044

BMI (kg/m²)

28.75±0.81

25.10±0.54

0.013

28.76±0.76

26.93±0.58

0.293

Values are presented as mean ± SE using t-test, P values <0.05 considered statistically significant.
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MIF level and other inflammatory
biomarkers were compared according to
gender differences between CAD patients
and control subjects. Women revealed
a significantly higher mean value of MIF,
fibrinogen, and hsCRP compared to
women controls (P <0.05). However, men
subgroups showed a significant difference

only for MIF and hsCRP (P <0.05). CAD
women revealed higher MIF, fibrinogen,
and hsCRP levels compared to CAD men.
Regarding lipid profile and its ratios,
a lower level of HDL-C was observed in
CAD men. HDL-C, LDL- and lipid ratios
differed significantly between women
subgroups (P <0.05), Table 3.
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Table 3: Comparison of MIF level and other parameters between CAD patients and control
group in regard to gender difference.
CAD

Control

CAD

Control

Female
(n = 42)

Female
(n = 16)

Male
(n = 96)

Male
(n = 22)

BMI (kg/m²)

30.68±0.93

25.75±0.79

0.005

27.90±0.65

25.95±0.54

0.166

Age (years)

60.90±2.25

52.12±3.49

0.048

57.29±1.51

52.63±2.47

0.173

Variables

P value

P value

Inflammatory Markers
MIF (ng/ml)

41.91±5.58

20.84±3.38

0.006

38.65±2.99

21.01±5.55

0.012

Fibrinogen (mg/dl)

512.30±27.71

350.07±42.05

0.004

419.99±21.10

346.41±31.71

0.121

hsCRP (mg/L)

12.47±3.47

2.31±0.47

0.043

7.40±1.25

1.74±0.42

0.036

Lipid profile and lipid ratios
TC (mg/dl)

182.72±10.40

163.90±13.54

0.328

183.01±12.60

164.25±17.60

0.502

Triglyceride (mg/
dl)

163.96±17.95

130.16±19.49

0.295

153.55±16.74

114.60±12.83

0.280

HDL-C (mg/dl)

39.15±2.28

51.22±4.81

0.017

36.39±1.25

48.60±2.60

0.001

LDL-C (mg/dl)

120.14±8.17

90.11±5.93

0.039

113.64±4.71

95.19±13.02

0.118

Non-HDL (mg/dl)

143.56±9.84

112.68±15.81

0.110

146.62±12.62

115.65±17.69

0.270

TC/HDL

4.80±0.30

3.48±0.47

0.031

5.31±0.45

3.48±0.38

0.065

LDL/HDL

3.14±0.22

1.91±0.25

0.005

3.27±0.17

2.02±0.27

0.002

Values are presented as mean ± SE using t test, P values <0.05 considered statistically significant.
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Table 4 demonstrates a comparison of
MIF and other variables between smokers
and non smoker in CAD and control
subjects. Smoker subgroups were showed
lower BMI, and the difference was
observed between non smokers subgroups
(P <0.05). Smoker CAD showed a higher
MIF level than other study subgroups,
with a statistically significant difference
compared to smoker control (P <0.05).
Similar results were observed concerning
fibrinogen and hsCRP. Additionally, MIF

in non smokers CAD was significantly
higher than its corresponding control group
(P <0.05). Although TC, triglyceride, and
non HDL levels were higher in smokers
CAD, the difference was insignificant
compared to smokers controls (P >0.05).
Conversely, the mean concentration of
HDL-C level showed a lower value in
smoker CAD, and the difference was
statistically significant compared to smoker
control (P <0.05).

https://doi.org/10.15218/zjms.2020.045

Table 4: Comparison of MIF and other variables between cad and control group according
to smoking status.
CAD

Control

NonSmokers
(n = 43)

NonSmokers
(n = 22)

Age (years)

59.04±1.64

50.81±2.72

BMI (kg/m²)

30.50±0.99

Variables

CAD

Control

Smokers
(n = 95)

Smokers
(n = 16)

0.01

58.08±1.69

54.62±2.90

0.424

26.02±0.67

0.005

27.93±0.63

25.65±0.54

0.153

P value

P value

Inflammatory Markers
MIF (ng/ml)

37.69±5.08

18.62±3.27

0.017

40.56±3.14

24.13±6.95

0.044

Fibrinogen (mg/dl)

445.08±31.17

355.66±41.73

0.102

449.50±21.53

337.36±17.24

0.039

hsCRP (mg/L)

8.30±2.41

2.45±0.37

0.101

9.25±1.70

1.34±0.47

0.043

Lipid profile and lipid ratios
TC (mg/dl)

180.30±10.00

175.58±18.27

0.806

184.15±12.86

148.33±8.66

0.262

Triglyceride (mg/dl)

149.13±16.12

119.35±15.79

0.251

160.27±17.30

123.63±15.23

0.395

HDL-C (mg/dl)

39.06±2.37

52.56±3.31

0.002

36.37±1.20

45.78±3.41

0.005

LDL-C (mg/dl)

122.36±8.20

99.62±12.61

0.130

112.46±4.62

84.02±6.14

0.017

Non-HDL (mg/dl)

141.23±9.64

123.01±19.01

0.347

147.77±12.84

102.55±10.99

0.159

TC/HDL

4.80±0.31

3.51±0.41

0.022

5.32±0.46

3.43±0.42

0.105

LDL/HDL

3.24±0.23

1.99±0.26

0.003

3.23±0.17

1.97±0.28

0.005

Values are presented as mean ± SE using t-test, P values <0.05 considered statistically significant.
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Pearson correlation analysis showed
significant positive correlation between MIF
and fibrinogen (r=0.343; P = 0.004). Similar
results was observed regarding MIF and
hsCRP (r=0.390, P = 0.001). Fibrinogen
and hsCRP also correlated significantly
(r=0.245; P = 0.042). MIF correlated
positively but insignificantly with age

(r=0.065; P = 0.596), TC (r=0.150;
P = 0.219), triglyceride (r=0.050;
P = 0.683), and LDL-C (r=0.160;
P = 0.189). Meanwhile, HDL-C showed
negative insignificant correlation with MIF,
fibrinogen, and hsCRP (r=-0.12; P = 0.923,
r=-0.110; P = 0.368, r= -0.060; P = 0.624)
respectively, Table 5.
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Table 5: Correlation of MIF with other parameters in cad patients.
Parameters
MIF

Fibrinogen

hsCRP

r
P
r
p
r
p

Age

r
p

TC

r
p

Triglyceride

r
p

HDL-C

r
p

LDL-C

r
p

MIF

Fibrinogen

hsCRP

-

-

-

0.343**
0.004

-

-

0.390**
0.001

0.245*
0.042

-

0.065
0.596

0.279*
0.020

0.063
0.610

0.150
0.219

0.215
0.076

0.276*
0.022

0.050
0.683

0.019
0.875

0.105
0.390

-0.12
0.923

-0.110
0.368

-0.060
0.624

0.160
0.189

0.220
0.066

0.232
0.055

7
382

Estimation of the level of macrophage migration ….

Zanco J. Med. Sci., Vol. 24, No. (3), December, 2020

Discussion
In the current study, we aimed to estimate
the level of MIF in CAD patients compared
to control subjects in association with some
risk factors (age, gender, and smoking
status). According to our best information
studies, the estimated MIF level in CAD
patients regarding the aforementioned risk
factors is limited. Patients in the present
study were at the end of their fifties. Similar
results were observed by previous Iraqi
studies.11,12 On the contrary, the age
average of the current study was lower
than that reported by Turkish and Iranian
studies,13,14 demonstrating that Iraqi
individuals were found to develop CAD at
a younger age if compared with individuals
in these two neighboring countries. The
mean value of BMI for the patients in the
present study (28.75) was higher than that
reported by Akcilar et al. (27.0),13 but lower
than that recorded by Albarzani(30.19).12
The current lifestyle, which is associated
with high fat intake and low physical
activity, encourages atherosclerosis.
Obesity and increasing fat consumption
were found to be linked with longstanding
inflammation in both arteries and adipose
tissues.15 Overall, the MIF level was
increased significantly in CAD patients with
both age subgroups (<55 and ≥55 years)
compared to control subgroups. Previous
studies also reported that plasma MIF level
in CAD patients was higher than non-CAD
subjects.16,17 Elevation of MIF level could
be explained by the overexpression of
this cytokine in endothelial cells and
macrophages in human atherosclerotic
plaques, mainly those with progressive
stages. These cells express MIF as
a response to oxidized LDL.18 Additionally,
the theroprogressive feature of MIF has
been confirmed by numerous mouse
studies, possibly attributed to its
pro-inflammatory action at atherosclerotic
regions. For instance, activation of
endothelial cells, recruitment of monocytes,
the formation of macrophage and foam
cells, and destabilization of extracellular
environment.18 A slight elevation of MIF

level was observed in CAD patients with
age subgroup ≥55 years compared to
those patients with age subgroup <55
years. This may suggest that age has
unlikely contributed significantly to the
circulated MIF or may have a minor role in
MIF elevation, especially MIF revealed
insignificant, weak positive correlation with
age in the current study. Considerably,
other factors may affect the MIF level
in both ages of CAD subgroups. For
example, hypoxia and ischemia are two
medical conditions linked with MI and
other complicated manifestations of CAD.
MIF has been found to release by immune
cells and cardiac tissue and exhibited
upregulation at the time of hypoxia as
well ischemia, a process mediated by
hypoxia inducible factor-1α.19 Moreover,
MIF overexpression in cardiomyocytes was
found to be correlated positively with
hypoxias degrees.20 On the other hand, it
should be taken into consideration that
the majority of CAD patients in the current
study were followed a particular medical
regimen, and the effect of some drugs
on inflammation cannot be ignored. For
example, aspirin and statin both possess
anti-inflammatory properties that affect
plaque formation.21,22 As a consequence of
their anti-inflammatory action, levels of
MIF, fibrinogen, and hsCRP could be
influenced. What is more, drugs doses
were a case severity dependent, which
was decided by a specialist cardiologist. In
their study, Müller et al. reported that CAD
patients who had higher MIF level were
older than those who had lower MIF level,
and the difference was significant.7 The
current study demonstrated that both CAD
women and men had significantly higher
MIF concentration compared to control
women and men. Moreover, CAD women
were older and had significantly higher
BMI, fibrinogen, hsCRP, LDL-C, and
lipid ratios compared to control women.
Additionally, CAD women demonstrated
an increased mean value of age, BMI,
inflammatory markers, triglyceride, HDL-C,
and LDL-C compared to CAD men. These

https://doi.org/10.15218/zjms.2020.045
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findings are in accordance with previously
published studies.23 The higher MIF level
in CAD women compared to CAD men
is related to some genetic and hormonal
variation between both genders.
A significant association between MIF
haplotype (C-G-C-T) and increased the
risk for CAD development in women has
been previously reported. However, such
an association was not found in men.
Moreover, this haplotype was found
to contain MIF single nucleotide
polymorphism (rs755622C),24 which has
been found to associate with CAD
susceptibility.25,26 In addition to genetic
impact, the disparity between genders
could be a reflection of sex hormones'
effect on MIF at the transcriptional phase.
For instance, in both human and mouse
macrophages and monocytes, estrogen
was found to regulate the production of MIF
through nuclear factor kB, an essential
transcriptional regulator factor.27 Moreover,
older women were more affected by CAD,
and this may secondary associated with
postmenopausal status, which reveals the
impact of estrogen and other hormones of
the female reproductive system in CAD
incidence.28 The present study revealed
higher MIF level and other inflammatory
markers in smoker CAD patients compared
to other study groups, with a significant
difference compared to smoker controls.
Furthermore, smoker CADs were found to
have less BMI and HDL-C, but higher TC,
triglyceride, non –HDL compared to non
smokers CAD. A previous study showed
that tobacco use was insignificantly more in
CAD patients who had higher MIF level
compared to those who had lower MIF
level.7 In general, smoking by the action of
its essential constituents, carbon monoxide
and nicotine, can lead to excess production
of oxidative stress, endothelial destruction,
and impairment. Smoking is correlated
with elevation of TC, and triglyceride, and
decreasing HDL-C levels. Smoking is
recognized as an important risk factor for
atherosclerosis and cardiovascular disease
by enhancing intravascular inflammatory

reactions.29 In agreement with our finding,
previous studies also reported a positive
correlation between MIF and hsCRP, TC,
triglyceride, and an inverse correlation with
HDL-C.7,23
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Conclusion
Our results signify the diagnostic value
of elevated MIF level in CAD patients
in comparison to CAD free subjects,
meanwhile tends to exclude the direct
effect of age, gender, and smoking as
a primary cause for MIF elevation in CAD
patients, and may suggest their secondary
minor effects in MIF circulation. Further
studies are required to support our
findings.
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