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Abstract

BACKGROUND: Resistin and oxidative stress may play a role in the pathogenesis of coronary heart
disease (CHD) including acute coronary syndrome (ACS). The aim of this study was to investigate
the role of serum resistin and prooxidant-antioxidant balance (PAB) in ACS occurrence in order to
differentiate it from stable angina. Moreover, we aimed to determine the correlation between
resistin and PAB in patients with ACS and its difference from patients with stable CHD.

METHODS: This cross-sectional, descriptive study was conducted on 50 patients with ACS and
50 patients with stable CHD who underwent coronary angiography (CAG). Serum resistin level
was measured using enzyme-linked immunosorbent assay (ELISA). PAB and other variables
were analyzed using standard methods.

RESULTS: A significant increase in serum resistin and PAB was observed in patients with ACS
(2.55 + 0.13 ng/ml and 123.5 + 5.58 HK unit, respectively) compared to patients with stable CHD
(1.53 + 0.12 ng/ml and 95.9 + 2.7 HK unit, respectively) (P < 0.001). In addition, a significant
positive correlation was seen between serum resistin and PAB in patients with ACS (r = 0.39;
P = 0.005), but this correlation was not found in patients with stable CHD (r = 0.21; P = 0.140).
Resistin (r = 0.52; P < 0.001) and PAB (r = 0.55; P < 0.001) were significantly associated with
high-sensitivity C-reactive protein (hs-CRP) in patients with ACS, but this association was not
found in patients with stable CHD (resistin: r = 0.24; P = 0.090; PAB: r = -0.02: P = 0.910).

CONCLUSION: High serum resistin or PAB levels, and their association with the occurrence of
ACS, can be used as a robust discriminating factor to differentiate ACS from stable CHD.
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Introduction
Cardiovascular disease (CVD) is among the main
causes of mortality and disability, and is becoming
the worldwide leading cause of death in 2020. It is

syndrome (or unstable CVD) which occurs due to
thrombus formation within the lumen of coronary
arteries at the site of ruptured or eroded
atherosclerotic plaques.!?

believed that oxidative stress due to increased
formation of reactive oxygen species (ROS) leads to
the manifestation of CVD. However, we consider
all factors that increase the reactivation of oxygen
species and their derivatives, such as peroxynitrite
and lipid peroxides, as risk factors of CVD. The
most critical event in CVD is the acute coronary
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Acute coronary syndrome (ACS) represents a
complex phenotype involving the interplay between
endothelial dysfunction, pro-inflammatory, and pro-
thrombotic components, and is influenced by
genetic and environmental factors. Symptoms range
from stable angina to myocardial infarction (MI)
due to coronary artery occlusion by vulnerable
plaques. Recent studies have supported the role of
oxidative stress and inflammation as significant risk
factors for CVD.?

The activation of ROS and their derivatives
leads to the depletion of antioxidant capacity of
tissues, structural damage, and loss of high-energy
phosphates in the myocardium. However, increased
chemical reactions or inadequate antioxidant
defense system results in oxidative stress.?

The imbalance between antioxidant defense and
the production of pro-oxidants causes endothelial
dysfunction which results in atherogenesis and
plaque destabilization.!-3-

From the molecular aspect, atherosclerosis is an
inflammatory condition. Inflammation leads to both
formation and rupture of plaque, which leads to
acute ischemic CVDs including ACS.

ROS are thought to play a role in the
pathophysiology ~ of  CVDs.%7  Prooxidant-
antioxidant balance (PAB), which is an indicator of
oxidative stress, is considered as a cardiovascular
risk predictor that estimates the extent of oxidative
stress. However, studies have shown that PAB
values are associated with CHD.8

In fact, coronary artery inflaimmation and its
associated oxidative stress, due to the accumulation
of lipids, leads to the formation of arterial lesions
called atheroma. Furthermore, a high level of lipid
in the plasma activates the endothelium and
increases the adhesion of immune cells to the
endothelium, which results in  endothelial
dysfunction. Ultimately, chemotactic factors are
released from ruptured atherosclerotic lesions,
resulting in platelet aggregation and thrombosis of
the coronary artery and ACS.910

Moreover, ACS itself activates the systemic
inflammatory cascade to protect the body against
injury caused by ischemia. Homeostatic imbalance of
adipokines interfere with the rate of production and
secretion of other cytokines during the ACS-
activated inflammation.

Recent studies have focused on diagnosing
markers of oxidative stress and prognostic factors
of ACS. Although several researchers have
demonstrated the association between vatious
cytokines and CHD, the impact of ACS-activated

inflammation on adipokines remains unknown in
ACS patients.

Moreover, the epicardial adipose tissue (EAT)
covers the surface of the heart. The adipokines
secreted from EAT can be divided into anti-
atherogenic (such as adiponectin) and proatherogenic
adipokines (such as resistin and leptin). Resistin is the
adipocytokine that worsens glucose tolerance and
induces insulin resistance.!-1? Follow-up studies have
explained the role of resistin in inflammatory
processes, insulin resistance, and atherosclerosis, but
there remains questions in this regard.!3

Resistin is exclusively expressed in peripheral
blood monocytes and macrophages of atheromas.
It is expressed in human peripheral blood
mononuclear cells and involved in inflammatory
reactions.!415

Human resistin is also expressed and secreted
exclusively from macrophages and bone marrow
cells in atheromas, which affect endothelial function
and induce wvascular smooth muscle cell
proliferation.!¢!” Lipopolysaccharide, intetrleukin-1,
I1.-6, and tumor necrosis factor-o can enhance the
resistin mRINA expression in human peripheral
blood monocytes.'® Furthermore, recombinant
human resistin can promote human endothelial cell
activity by enhancing endothelin-1  release,
expressions of vascular cell adhesion molecule-1,
intercellular adhesion molecule-1, and monocyte
chemoattractant protein-1.120 It has been reported
that resistin, secreted by macrophages infiltrating
the atheroma, affects endothelial function and
stimulates vascular smooth muscle cells migration.!”
Therefore, resistin plays a role in the development
of atherosclerosis. Resistin is an adipocytokine and
functions as a link between inflammation, metabolic
disorder, and atherosclerosis. In humans, resistin is
primatily a product of macrophages.?'-22 Resistin is
highly expressed in human peripheral blood
mononuclear cells and is involved in inflammatory
reactions.?> Resistin secreted by macrophages
infiltrating the atheromas affects endothelial
function and stimulates vascular smooth muscle
cells migration.!31”

In chronic inflammatory conditions such as
diabetes, obesity, and atherosclerotic CVD,
proatherogenic imbalance is observed; this means
the serum contains higher adiponectin levels and
lower resistin and leptin levels. Therefore, it seems
that ACS-activated inflaimmation must be
categorized as an acute inflimmation rather than a
chronic inflammation.?*

It has been hypothesized that resistin serum
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level and PAB can predict ACS in patients with
CHD. Several studies have reported the significant
association between resistin serum level and ACS.
In the present study, we assessed the possible
association of resistin  with  high-sensitivity
C-reactive protein (hs-CRP) as a marker of
inflammation and other CVD risk factors.

Materials and Methods

In this cross-sectional descriptive study was
conducted on 100 patients [50 patients with ACS
and 50 patients with stable coronary artery
disease (CAD)] aged between 44 and 86 years who
underwent diagnostic coronary angiography (CAG)
in Chamran Hospital in Isfahan, Iran, from May
2015 to January 2016. The subjects were selected
from among patients who referred to the
department of cardiology with a complaint of chest
pain. The diagnosis was made according to the
result of angiography, electrocardiogram, serum
troponin level, and clinical findings. They were all
admitted to the hospital between May 2015 and
March 2016. Patients with inflammatory diseases
(such as rheumatoid arthritis, lupus, vasculitis,
pulmonary fibrosis, and retroperitoneal fibrosis),
malignant diseases, impaired liver function, renal
failure, uncontrolled diabetes, severe heart failure,
and history of trauma and surgery were excluded
from the study.

CAG was performed for all subjects through the
femoral artery approach. Informed consent was
obtained from all patients before enrollment. The
study protocol was approved by the Ethical
Committee of Isfahan University of Medical
Sciences (Project number: 395890) according to the
principles of the Declaration of Helsinki.
Characteristics of patients and sample collection:
Based on the definition, stenosis in more than 75%
of any major coronary arteries or more than 50% of
the left main coronary artery cross-sectional area is
considered a significant CAD.25:26

All data including age, gender, serum creatinine,
lipid profile [total cholesterol (TC), high-density
lipoprotein  cholesterol ~ (HDL-C), low-density
lipoprotein cholesterol (LDL-C), triglyceride (TG)],
body mass index (BMI; calculated as weight in
kilograms divided by height in meters squared),
tobacco use, medication history, hypertension (HTN;
defined as systolic blood pressure = 140 mmHg
and diastolic blood pressure = 90 mmHg in
two  consecutive  times ~ of  consumption

of antihypertensive drugs), diabetes mellitus
(DM; defined as a fasting blood glucose = 126 mg/dl

and hemoglobin A1C = 6.5%, or use of
hypoglycemic medication), and other risk factors of
CHD were recorded.

Before angiography, venous blood samples
were obtained from patients and placed in a serum
separator tube. We let the tube stand for at least
20 minutes at room temperature. Then, the tube
was centrifuged at 3000 G for 10 minutes and the
obtained serum was liquated and stored at -80 °C
until assayed.

Then, CAG was performed in all subjects
through the radial or femoral artery approach. Two
experienced cardiologists, who were unaware of the
patient’s clinical history and biochemical results,
evaluated all angiograms.

Serum levels of blood sugar (BS), TG, TC,
HDL-C, and LDL-C were measured via enzymatic
methods by using commercial kits (Pars-Azmoon,
Tehran, Iran) and an automated analyzer (Hitachi,
Japan)  according to  the  manufacturet’s
recommendations.

Using an immunoturbidimetric method and a

commercial kit (Pars-Azmoon, Tehran, Iran)
according to the manufacturer’s recommendations,
hs-CRP was measured. Cases with an elevated level
of hs-CRP (above 3.0 mg/l) were also excluded to
avoid the bias effect of an existing inflammation.
Resistin - analysis  using  enzyme-linked
immunosorbent assay: Enzyme-linked
immunosorbent assay (ELISA) technique was used
to evaluate serum resistin levels. This was measured
with an enzyme immunoassay kit (Hangzhou East
Biopharm Co. Ltd, China) according to the
manufacturer’s instructions. Subsequently, the
standard curve was calculated using a linear
regression equation, and the results were extracted
for the samples.
Prooxidant-antioxidant balance assay: PAB assay
was applied based on the method proposed by
Pasterkamp et al.?” In brief, the standard solutions
were prepared from 0 to 100% by mixing 250 pM
hydrogen peroxide with 3 mM uric acid in 10 mM
NaOH. The TMB (3,3'5,5-Tetramethylbenzidine)
solution was prepared by dissolving a tablet of TMB
in 10 ml substrate buffer (0.05 M acetate buffer; pH:
4.5). TMB cation was prepared by adding 18 pl of
freshly-pure chloramine-T solution (10 mM) to 1 ml
of the TMB solution. The TMB cation was incubated
for 20 minutes at 37 °C and 1.25 units of peroxidase
were added to 9 ml of the TMB solution
(working solution).

In each well of a 96-well plate, 10 pl of each
sample, standard or blank, was mixed with 200 pl of
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working solution and incubated in a dark place at
37 °C for 12 minutes. Then, 100 pl of HCl (2N)
was added to each well, and HCl was measured in
an ELISA reader at 450 nm. A standard curve was
provided for the values relative to the standard
samples. The percentage of hydrogen peroxide in
the standard solution was defined as arbitrary
Hamidi-Koliakos (HK) units. The values of the
PAB are expressed in arbitrary HK units. Based on
the values obtained from the abovementioned
standard curve, the values of the unknown samples
were calculated.

Continuous normally distributed variables are
presented as mean * standard deviation (SD), and
non-normally distributed variables are presented as
median [interquartile range (IQR)]. Normality
assumption was checked using Kolmogorov—
Smirnov test. Two-tailed student’s t-test was used to
compare serum resistin level and the other variables
between the two groups. To investigate the
associations between serum resistin level and other
variables, paired t-test and one sample sign test were
used for normally and non-normally distributed
variables, respectively. P-values of less than 0.05
were considered statistically significant. The
statistical analyses were performed using SPSS
software (Version 22, IBM Corporation, Armonk,
NY, USA). The receiver operating characteristic
(ROC) curve was used for illustrating the ability of
PAB and resistin serum level in predicting the
occurrence of ACS.

Continuous variables were compared between
ACS and stable CAD groups using independent
t-test. The Pearson correlation analysis was used to
investigate the correlations between serum miR-21,

visfatin, and other related variables.

Results

After primary evaluations, 50 patients were included in
each of the groups (ACD and stable CHD). The
mean T standard error (SE) age of the participants was
63 * 1.74 and 62 * 1.26 years in the ACS and stable
CHD groups, respectively (age range: 45-85). Clinical
characteristics data of all subjects are summarized in
table 1. The demographic characteristics of age, BMI,
and blood pressure were not significantly different
between the ACS and stable CHD groups. There were
no significant differences in other cardiovascular risk
factors, including cigarette smoking, LDL-C, TC, total
TG, creatinine, and history of diabetes. The levels of
serum HDL-C were significantly lower in the ACS
group than the stable CHD group. Rates of current
smoking were similar between the two groups
(P > 0.050) (Table 1).

According to the data analysis, levels of serum
inflammatory markers (hs-CRP) were significantly
higher in the ACS group (2.1 = 0.051 mg/]) than the
stable CHD group (1.68 £ 0.052 mg/I) (P < 0.001).

The result of ELISA analyses showed that the
mean serum resistin levels were significantly higher
in patients with ACS (2.55 £ 0.13 ng/ml) than those
with stable CHD (1.53 * 0.12 ng/ml) (P < 0.001)
(Figure 1a).

The result of PAB assay showed that the mean
serum PAB value was significantly higher in patients
with ACS (123.5 * 5.58 HK unit) than in those with
stable CHD (95.9 + 2.7 HK unit) (P < 0.001)
(Figure 1b). These results indicate that the PAB
level was significantly elevated in the ACS group
compared to the stable CHD group.

Table 1. Summary of data analysis in the acute coronary syndrome and stable coronary heart disease groups

Char acteristics Patientswith ACS Patients with stable CHD H P
(n =50) (=)

Male gender [n (%)] 31 (19) 30 (20) 0.840
Age (year) 63.26+1.74 62.32 +1.26 0.670
Systolic blood pressure (mm Hg) 133.75 +£2.88 128.21 £1.91 0.115
Diastolic blood pressure (mm Hg) 81.23 +1.32 79.31+0.74 0.207
BMI (kg/m’) 24.48 £ 0.35 24.11+£0.31 0.413
Serum creatinine (mg/dl) 1.06 = 0.029 1.01 £ 0.027 0.203
TC (mg/dl) 196.10 + 3.87 195.70 + 3.88 0.930
LDL-C (mg/dl) 128.38 + 3.67 122.96 +3.98 0.280
HDL-C (mg/dl) 35.58 £5.02 40.60 + 3.20 0.008
TG (mg/dl) 161.20 + 6.02 160.32 £ 3.72 0.940
Glucose (mg/dl) 120.00 + 2.34 124.70 £ 1.62 0.112
Hemoglobin Alc (%) 6.09 £ 0.088 6.23 £ 0.061 0.177

Normally distributed data are presented as mean + [Standard error (SE)] or number (%). Two-tailed student’s t-test was used to
compare variables between the two groups. P-value < 0.050 was considered as a statistically significant association. ACS:
Acute coronary syndrome; CHD: Coronary heart disease; BMI: Body mass index; TC: Total cholesterol; LDL-C: Low-density
lipoprotein cholesterol, HDL-C: High-density lipoprotein cholesterol; TG: Triglycerid
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Figure 1. a. Serum resistin levels in patients with acute coronary syndrome and patients with stable coronary heart
disease; b. The prooxidant-antioxidant balance value of patients with acute coronary syndrome and patients with

stable coronary heart disease

There were significant differences between the resistin or prooxidant-antioxidant balance value of the patients with ACS

and patients with stable CHD (P < 0.001 for both).

ACS: Acute coronary syndrome; CAD: coronary artery disease; CHD: Coronary heart disease

Hlustrating the ability of resistin level and serum
prooxidant-antioxidant balance level in predicting
the occurrence of acute coronary syndrome

The ROC curve was used to help in
discriminating ACS from stable CHD based on
resistin and PAB serum levels. The area under the
curve (AUC) demonstrates how the resistin and PAB
serum levels can act as a prognostic factor of ACS.

Each point on the ROC curve also shows the
sensitivity and specificity of these parameters in
predicting ACS. ROC analysis provides 2 main
outcomes, the diagnostic role of the test and the
optimal cut-off point value for the test. Cut-off
points dichotomize the test values, and this provides
the diagnosis (diseased or not). The identification of
the cut-off point value requires a simultaneous
assessment of sensitivity and specificity.?s

The ROC curve for serum resistin was analyzed
to predict the occurrence of ACS (Figure 2).

1.0

Sensitivity

0.0 T T T T
oo 02 o4 o6 0os 1.0

1 - Specificity

Figure 2. The receiver operating characteristic curve
for serum resistin to differentiate acute coronary
syndrome from stable coronary heart disease in the
study population

The area under the ROC curve for resistin was
0.834 (95% CI: 0.750-0.918; P < 0.001). The cut-
off point (maximal sensitivity and specificity) for
resistin  was 1.66 ng/ml (sensitivity: 78.00%;
specificity: 76.00%).

Likewise, the ROC cutve for serum PAB was
analyzed to distinguish ACS from stable CHD
(Figure 3).

The area under the ROC curve for PAB was
0.686 (95%CI: 0.577-0.794; P < 0.001). The
cut-off point (maximal sensitivity and specificity)
for PAB was 94.5 HK unite (sensitivity: 62.00%;
specificity: 58.00%).
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Figure 3. The receiver operating characteristic curve
for serum prooxidant-antioxidant balance to
distinguish acute coronary syndrome from stable
coronary heart disease in the study population

Furthermore, the relationships between serum
resistin level and other wvariables (including
demographic vatiables, lipid profile, and other CVD
risk factors) was assessed using the univariate analysis.
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Figure 4. Correlation between serum resistin and prooxidant-antioxidant balance (PAP) in a. patients with acute
coronary syndrome (r = 0.39; P =0.005), and b. patients with stable coronary heart disease (r = 0.21; P = 0.140)

The serum resistin level showed no correlation
with demographic variables such as age, BMI, and
systolic and diastolic blood pressure. Moreover,
serum resistin level showed a negative significant
correlation  with HDL-C (¢ = -0.259;
P = 0.009), but showed no significant correlation
with LDL-C, TC, and TG.

Correlation analysis showed that there was a
significant correlation between serum resistin and
PAB in patients with ACS (r = 0.39; P = 0.005), but
this correlation was not found in patients with
stable CHD (r = 0.21; P = 0.140) (Figure 4).

The data analysis also showed a highly significant
positive correlation between serum resistin and hs-
CRP levels (a serum inflammatory marker) in the
ACS group (r = 0.52; P < 0.001), but this correlation
was not found in the stable CHD group (r = 0.24;
P = 0.090). Moreover, it showed a highly significant
positive correlation between serum PAB values and
hs-CRP level in the ACS group (r = 0.55; P < 0.001),
but this correlation was not found in the stable CHD
group (r = -0.02; P = 0.910).

In addition, we found a significant negative
correlation between serum PAB values and HDL-C
level (r = -0.278; P < 0.010) in the ACS group.
Nevertheless, serum PAB value showed no significant
correlation with LDIL-C, TC, and TG levels.

Discussion

CVDs, including ACS, are among the major causes
of morbidity and mortality worldwide. Acute
coronary syndrome (ACS) is a multi-factorial
disease, and hypercholesterolemia has been
recognized as one of its major risk factors.?> ACS

severely threatens human health with increasing
morbidity; therefore, early treatment of ACS might
improve the adverse events of this disease.’ The
mechanism underlying ACS involves instability and
rupture of atherosclerotic  plaques, platelet
aggregation, and thrombosis.3! Instability of
coronary plaque leads to progression of stable CAD
to ACS.3L32 Multiple biomarkers in the serum or
plasma can provide appropriate diagnostic tools for
this disease.

A particulatly important contributing factor of
the arterial plaque vulnerability and instability is
inflammation.3334 Several factors are involved in
inflammation and plaque instability, including
adipocytokines and other various inflammatory and
proinflaimmatory molecules.’> MicroRNAs and
adipocytokines is one of the key factors in plaque
instability and the manifestation of ACS.

Adipocytokines and  oxidative stress are
considered as major risk factors for CHID.636
Therefore, this study was designed to investigate the
association between resistin serum level and PAB
value. This association might help in discriminating
ACS from stable CHD.

In the current study, we observed a higher
serum resistin level in the ACS group compared to
the stable CHD group. Figure 2 shows the cut-off
values of resistin, which is associated with ACS.

The study by Qiao et al. showed that serum
resistin level increased with inflaimmatory factors
and myocardial impairment.!> They suggested that
human resistin might play an important role in the
pathogenesis  of  atherosclerosis and  acute
myocardial infarction (AMI) as an inflaimmatory
factor. This finding was in line with that of the
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present study, which showed that serum resistin
might play an important role in the pathogenesis of
ACS. The cut-off point for resistin, as a predictor
for ACS, was determined in the present study.
We showed that serum resistin at the cut-off of
1.66 ng/ml yielded a sensitivity and specificity of
78% and 76%, respectively, in predicting the
occurrence of ACS. The accuracy (AUC) for resistin
was 0.834 (95% CI: 0.750-0.917; P < 0.001). These
data show that resistin is an appropriate biomarker
for predicting ACS. Verma et al. found that resistin
may contribute to the atherosclerotic process by
activation of endothelial cells thus leading to
endothelial dysfunction and thereby the stimulation
of multiple pro-atherosclerotic pathways.’” However,
the present study results indicated that serum resistin
level can help in discriminating ACS from stable
CHD, which is a demanding clinical finding.

We found higher serum PAB values in patients
with ACS compared to those with stable CHD. The
cut-off point of PAB for predicting ACS was
determined using ROC (Figure 3).

Several studies have shown that oxidative stress
plays a crucial role in the pathophysiology of
atherosclerosis and CHD.%” Environmental stress
causes excessive production of reactive oxygen
species (ROS), which leads to progressive oxidative
damage. ROS acts as the initiator of oxidative
cascade, which results in DL oxidation, endothelial
dysfunction, and vascular smooth muscle
proliferation and migration.

In the present study, a significant correlation was
found between PAB level and the risk of CVDs;
thus, prooxidant-antioxidant imbalance is associated
with atherosclerosis and CVD.838 Ashok and Ali.
also considered increased PAB value as a risk factor
for ACD.%

In addition to the significant correlation of
serum resistin level and PAB with hs-CRP, we
found significantly higher values of both serum
resistin and PAB in patients with ACS. We believe
this correlation predicts the role of both variables
among the markers of plaque formation through
the inflammatory process.

In clinical practice, increase in inflammatory
biomarkers and obesity are considered as
prognosticators ~ of  cardiovascular  events.

Adipocytokines and other various inflammatory and
proinflaimmatory molecules are involved in
inflaimmation and plaque instability.* Hs-CRP
represent the degree of the inflaimmatory response
in the atheromatous plaque and is closely related to
the instability of coronary artery plaque, which leads
to the occurrence of ACS.

It has been demonstrated that inflammation and
atherosclerosis play a key role in the pathogenesis of
CVDs including the ACS.#44 According to the
results of the current study, both resistin and PAB
showed a negative significant correlation with
HDL-C level, but showed no correlation with total
lipid profile. Previous studies have reported similar
results. Recent studies are in agreement with these
findings. Chen et al,* showed that resistin is
negatively associated with HDL-C level in patients
with metabolic syndrome. Similarly, Bednarska-
Makaruk et al* reported the association of
adipokines with inflaimmatory markers and obesity
in dementia. They found a negative correlation
between resistin level mn and HDL. Various studies
have shown that oxidative stress is negatively
related to HDL-C level.446 Not all studies support
the present study findings. A few studies including
the study performed by Rao and Kiran found no
relationship between oxidative stress and HDL-C.#7

In fact, the correlations of resistin and PAB
values with the risk of ACS are evidence that ACS
arises from an acute inflammatory condition.
However, more studies must be performed to prove
this finding and investigate the underlying metabolic
pathways.

This reflected a complicated interaction between
hs-CRP and resistin that may be through
inflammatory mechanisms, given that ACS is an
acute inflammatory condition. This finding may be
indicative of a possible causal relationship between
hs-CRP and resistin in patients with ACS. However,
more studies are required to demonstrate this
relationship and its metabolic pathways.

Limitations: 'This present study had a
relatively small sample size, so we probably failed to
detect a meaningful or obvious effect (lack of
statistical power due to small sample size).
Moreover, under small sample size conditions, a
seemingly meaningful effect can occur by chance,
but is not trustworthy. Because of these
considerations, we trecommend researchers to
conduct similar studies with larger sample sizes to
achieve more accurate results.

Conclusion

Resistin and PAB levels were found to have a
significant correlation with the risk of ACS. Based
on our findings, elevated resistin and PAB can both
be predictors of the occurrence of ACS.
Furthermore, serum resistin level is highly
correlated with PAB and both factors are highly
correlated with hs-CRP, which is an inflammatory
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marker. Thus, it can be concluded that resistin and
PAB values play a crucial role in the pathogenesis of
ACS through the inflammatory process.

Acknowledgments

We appreciate the technical assistance of Isfahan
Cardiovascular Research Institute, Chamran Heart
Hospital, and Isfahan School of Pharmacy and
Pharmaceutical Sciences.

The present article was extracted from the MD
thesis written by A. Elahifar Supervised by N.
Sarrafzadegan and A. Pourmoghaddas for the
Specialty Degree in Cardiovascular Medicine
(Reg No: 395890). The study was financially
supported by Isfahan University of Medical
Sciences (grants No. 394289).

Conflict of Intetrests

Authors have no conflict of interests.

References

1. Alfieri O, Mayosi BM, Park SJ, Sarrafzadegan N,
Virmani R. Exploring unknowns in cardiology. Nat
Rev Cardiol 2014; 11(11): 664-70.

2. Ozturk HS, Cimen MY, Cimen OB, Kacmaz M,
Durak 1. Oxidant/antioxidant status of plasma
samples from patients with rheumatoid arthritis.
Rheumatol Int 1999; 19(1-2): 35-7.

3. Anwaruddin S, Askari AT, Topol EJ. Redefining
risk in acute coronary syndromes using molecular
medicine. ] Am Coll Cardiol 2007; 49(3): 279-89.

4. Ghayour-Mobarhan M, Alamdari DH, Moohebati
M, Sahebkar A, Nematy M, Safarian M, et al.
Determination of prooxidant--antioxidant balance
after acute coronary syndrome using a rapid assay:
A pilot study. Angiology 2009; 60(6): 657-62.

5. Harrison D, Griendling KK, Landmesser U, Hornig B,
Drexler H. Role of oxidative stress in atherosclerosis.
Am J Cardiol 2003; 91(3A): 7A-11A.

6. Criqui MH, Denenberg JO, Ix JH, McClelland RL,
Wassel CL, Rifkin DE, et al. Calcium density of
coronary artery plaque and risk of incident
cardiovascular events. JAMA 2014; 311(3): 271-8.

7. Virmani R, Burke AP, Farb A, Kolodgie FD.
Pathology of the vulnerable plaque. ] Am Coll
Cardiol 2006; 47(8 Suppl): C13-C18.

8. Raffetto JD, Khalil RA. Matrix metalloproteinases
and their inhibitors in vascular remodeling and
vascular disease. Biochem Pharmacol 2008; 75(2):
346-59.

9. Goldstein JA, Demetriou D, Grines CL, Pica M,
Shoukfeh M, O'Neill WW. Multiple complex
coronary plaques in patients with acute myocardial
infarction. N Engl J Med 2000; 343(13): 915-22.

10.Meydani M. Vitamin E modulation of
cardiovascular disease. Ann N Y Acad Sci 2004;
1031: 271-9.

11. Rajala MW, Obici S, Scherer PE, Rossetti L. Adipose-
derived resistin and gut-derived resistin-like molecule-
beta selectively impair insulin action on glucose
production. J Clin Invest 2003; 111(2): 225-30.

12. Talman AH, Psaltis PJ, Cameron JD, Meredith IT,
Seneviratne SK, Wong DT. Epicardial adipose
tissue: Far more than a fat depot. Cardiovasc Diagn
Ther 2014; 4(6): 416-29.

13.Qia0 XZ, Yang YM, Xu ZR, Yang LA.
Relationship between resistin level in serum and
acute coronary syndrome or stable angina pectoris.
J Zhejiang Univ Sci B 2007; 8(12): 875-80.

14.Charo IF, Ransohoff RM. The many roles of
chemokines and chemokine receptors in
inflammation. N Engl J Med 2006; 354(6): 610-21.

15. George SJ, Johnson J. Atherosclerosis: Molecular
and Cellular Mechanisms. Hoboken, NJ: John
Wiley & Sons; 2010.

16.Bokarewa M, Nagaev I, Dahlberg L, Smith U,
Tarkowski A. Resistin, an adipokine with potent
proinflammatory properties. J Immunol 2005;
174(9): 5789-95.

17.Jung HS, Park KH, Cho YM, Chung SS, Cho HJ,
Cho SY, et al. Resistin is secreted from
macrophages in atheromas and promotes
atherosclerosis. Cardiovasc Res 2006; 69(1): 76-85.

18.Kaser S, Kaser A, Sandhofer A, Ebenbichler CF,
Tilg H, Patsch JR. Resistin messenger-RNA
expression is increased by proinflammatory
cytokines in vitro. Biochem Biophys Res Commun
2003; 309(2): 286-90.

19. Burnett MS, Lee CW, Kinnaird TD, Stabile E,
Durrani S, Dullum MK, et al. The potential role of
resistin in atherogenesis. Atherosclerosis 2005;
182(2): 241-8.

20.Kawanami D, Maemura K, Takeda N, Harada T,
Nojiri T, Imai Y, et al. Direct reciprocal effects of
resistin and adiponectin on vascular endothelial
cells: A new insight into adipocytokine-endothelial
cell interactions. Biochem Biophys Res Commun
2004; 314(2): 415-9.

21.Patel L, Buckels AC, Kinghorn 1J, Murdock PR,
Holbrook JD, Plumpton C, et al. Resistin is
expressed in human macrophages and directly
regulated by PPAR gamma activators. Biochem
Biophys Res Commun 2003; 300(2): 472-6.

22.Yang RZ, Huang Q, Xu A, McLenithan JC, Eisen
JA, Shuldiner AR, et al. Comparative studies of
resistin expression and phylogenomics in human
and mouse. Biochem Biophys Res Commun 2003;
310(3): 927-35.

23.Fruhbeck G, Salvador J. Role of adipocytokines in
metabolism and disease. Nutr Res 2004; 24(10):
803-26.

53

ARYA Atheroscler 2020; Volume 16; Issue 2

http://arya.mui.ac.ir 15 Mar.



Resistin and PAB in ACS

24.Li R, Chen LZ, Zhao SP, Huang XS. Inflammation
Activation Contributes to Adipokine Imbalance in
Patients with Acute Coronary Syndrome. PLoS
One 2016; 11(3): e0151916.

25.Darabi F, Aghaei M, Movahedian A, Elahifar A,
Pourmoghadas A, Sarrafzadegan N. Association of
serum microRNA-21 levels with Visfatin,
inflammation, and acute coronary syndromes. Heart
Vessels 2017; 32(5): 549-57.

26. Weaver WD, Simes RJ, Betriu A, Grines CL,
Zijlstra F, Garcia E, et al. Comparison of primary
coronary angioplasty and intravenous thrombolytic
therapy for acute myocardial infarction: A
quantitative review. JAMA 1997; 278(23): 2093-8.

27.Pasterkamp G, Schoneveld AH, Hijnen DJ, de
Kleijn DP, Teepen H, van der Wal AC, et al.
Atherosclerotic  arterial remodeling and the
localization ~ of  macrophages and  matrix
metalloproteases 1, 2 and 9 in the human coronary
artery. Atherosclerosis 2000; 150(2): 245-53.

28.Unal I. Defining an Optimal Cut-Point Value in
ROC Analysis: An Alternative Approach. Comput
Math Methods Med 2017; 2017: 3762651.

29.Kotani T, Takeuchi T, Takai S, Yoshida S, Hata K,
Nagai K, et al. Serum levels of matrix
metalloproteinase (MMP) 9, a risk factor for acute
coronary syndrome, are reduced independently of
serum MMP-3 by anti-TNF-alpha antibody
(infliximab) therapy in patients with rheumatoid
arthritis. J Pharmacol Sci 2012; 120(1): 50-3.

30. Anzai A, Maekawa Y, Kodaira M, Mogi S, Arai T,
Kawakami T, et al. Prognostic implications of
optimal medical therapy in patients undergoing
percutaneous coronary intervention for acute
coronary syndrome in octogenarians. Heart Vessels
2015; 30(2): 186-92.

31. Libby P. Inflammation in atherosclerosis. Arterioscler
Thromb Vasc Biol 2012; 32(9): 2045-51.

32. Madrigal-Matute J, Rotllan N, Aranda JF, Fernandez-
Hernando C. MicroRNAs and atherosclerosis. Curr
Atheroscler Rep 2013; 15(5): 322.

33.Lendon CL, Davies MJ, Born GV, Richardson PD.
Atherosclerotic plaque caps are locally weakened
when  macrophages density is increased.
Atherosclerosis 1991; 87(1): 87-90.

34.Moreno PR, Falk E, Palacios IF, Newell JB, Fuster
V, Fallon JT. Macrophage infiltration in acute
coronary syndromes. Implications for plaque
rupture. Circulation 1994; 90(2): 775-8.

35.DeClercq V, Taylor C, Zahradka P. Adipose tissue:

The link between obesity and cardiovascular
disease. Cardiovasc Hematol Disord Drug Targets
2008; 8(3): 228-37.

36.Modi KA, Nylk TM, Sheridan FM. Medical
management of acute ST elevation myocardial
infarction. J La State Med Soc 2001; 153(6):
284-90.

37.Verma S, Li SH, Wang CH, Fedak PW, Li RK,
Weisel RD, et al. Resistin promotes endothelial cell
activation:  Further evidence of adipokine-
endothelial interaction. Circulation 2003; 108(6):
736-40.

38.Komorowski J, Pasieka Z, Jankiewicz-Wika 1J,
Stepien H. Matrix metalloproteinases, tissue
inhibitors of matrix metalloproteinases and
angiogenic cytokines in peripheral blood of patients
with thyroid cancer. Thyroid 2002; 12(8): 655-62.

39. Ashok BT, Ali R. The aging paradox: free radical
theory of aging. Exp Gerontol 1999; 34(3): 293-303.

40.Bartel DP. MicroRNAs: Genomics, biogenesis,
mechanism, and function. Cell 2004; 116(2): 281-97.

41.Bauvois B. New facets of matrix metalloproteinases
MMP-2 and MMP-9 as cell surface transducers:
Outside-in signaling and relationship to tumor
progression. Biochim Biophys Acta 2012; 1825(1):
29-36.

42.Lu P, Takai K, Weaver VM, Werb Z. Extracellular
matrix degradation and remodeling in development
and disease. Cold Spring Harb Perspect Biol
2011; 3(12).

43.Chen CC, Li TC, Li CI, Liu CS, Wang HJ, Lin CC.
serum resistin level among healthy subjects:
Relationship to anthropometric and metabolic
parameters. Metabolism 2005; 54(4): 471-5.

44, Bednarska-Makaruk M, Graban A, Wisniewska A,
Lojkowska W, Bochynska A, Gugala-Iwaniuk M,
et al. Association of adiponectin, leptin and resistin
with inflammatory markers and obesity in
Dementia. Biogerontology 2017; 18(4): 561-80.

45.He L, Hannon GJ. MicroRNAs: Small RNAs with a
big role in gene regulation. Nat Rev Genet 2004;
5(7): 522-31.

46. Wightman B, Ha I, Ruvkun G. Posttranscriptional
regulation of the heterochronic gene lin-14 by lin-4
mediates temporal pattern formation in C. elegans.
Cell 1993; 75(5): 855-62.

47.Rao V, Kiran R. Evaluation of correlation between
oxidative stress and abnormal lipid profile in
coronary artery disease. J Cardiovasc Dis Res.
2011;2(1):57-60

54 ARYA Atheroscler 2020; Volume 16; Issue 2

http://arya.mui.ac.ir 15 Mar.





