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Abstract

Background: Atrial fibrillation (AF) affects quality of life and 
prognosis of patients with cardiovascular disease. Resistin plays 
an important role in inflammatory response to internal and external 
factors. The aim of this study is to evaluate the association between 
resistin and permanent AF (PAF) in patients with cardiovascular 
disease.

Methods: In our study, we included 146 patients with cardiovascu-
lar disease. Plasma resistin concentrations and demographic charac-
teristics of patients were recorded. The patients were divided in two 
groups: 118 patients without a history of PAF (NonAF group), and 
28 patients with a history of PAF (AF group). Association of resis-
tin with PAF and other variables was examined by parametric and 
non-parametric tests, and multivariable linear and univariable logistic 
regression analysis.

Results: No differences of demographic characteristics (gender, age 
and body mass index (BMI)) between two groups were observed (P 
> 0.05). Higher median levels of resistin were observed in group AF 
than in group NonAF (6.90 ng/mL vs. 5.83 ng/mL, P = 0.03). Mul-
tivariate linear regression analysis (adjusted to gender, age, BMI, 
hypertension, diabetes mellitus, coronary artery disease, and mitral 
valve disease) showed that resistin was associated with PAF (β = 0.79, 
95% confidence interval (CI): 0.08 to 1.51, P = 0.03).

Conclusions: Our analysis showed that plasma resistin was associ-
ated with PAF, and resistin concentration was higher in patients with 
AF compared to those without AF.
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Introduction

Cardiovascular disease (CVD) is a complex pathologic mecha-
nism which includes genetic predisposition, lifestyle and diet, 
metabolic and autoimmune diseases. Although in the last year 
there are more studies that have shown that genetic predisposi-
tion plays one of the most significant roles in the onset of clini-
cal manifestations and worsening of CVD, the impact of the 
environment and lifestyle remains consistently variable as a 
risk factor for CVD. The above also applies to atrial fibrillation 
(AF), which significantly affects the morbidity and mortality 
rate of patients with CVD [1, 2]. Early detection of biomarkers 
in the peripheral blood of patients who have not shown clinical 
laboratory findings of any types of AF including permanent AF 
(PAF) could be considered as diagnostic and prognostic indi-
cators for predicting the occurrence of PAF and preventing the 
severe adverse events due to AF (stroke, heart failure and ad-
mission rate in hospital). On the other hand AF is a multifactor 
disease in which many pathological mechanisms are involved, 
although not clearly understood [1]. Unfortunately, the diagno-
sis of AF is often confirmed after clinical manifestations, and 
early detection of biomarkers in patients’ blood (even without 
the classic predisposing factors) could give the opportunity to 
predict the onset of AF in asymptomatic patients, to modify 
and control the risk factors with more regular monitoring of 
these patients, and possible administration of anticoagulant 
and antiarrhythmic medication (after clinical and laboratory 
test and risk assessment), and reduce the likelihood of adverse 
events (such as stroke) [1, 2]. Various risk factors have been 
suggested for the occurrence of AF. AF is associated with 
structural heart disease and especially with mitral valve dis-
ease (stenosis or insufficiency), arterial hypertension (AH), 
heart failure (HF), heart valve disease (HVD), diabetes mel-
litus (DM), chronic obstructive pulmonary disease (COPD), 
chronic renal failure (CRF) and obesity.

Human resistin is a protein that is formed from 106 amino 
acids, which has a crystalline form, and its weight is 12.5 kDa 
[3]. The human resistin gene is located on chromosome 19 
[4]. The presence and action of resistin were initially studied 
mainly in patients with metabolic diseases such as DM type II, 
in whom elevated levels of resistin in the blood were found and 
which is secreted mainly by adipocytes of adipose tissue [3]. 
Other disease in which increasing the resistin concentration has 
been observed is obesity, which is associated with decreasing 
insulin function and cell resistance to insulin action. Elevated 
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resistin levels are associated not only with chronic inflamma-
tory diseases such as rheumatoid arthritis, inflammatory bowel 
disease or metabolic diseases (DM and obesity), but as recent 
studies have shown with CVD such as atherosclerosis [5-10].

The aim of this study is to evaluate the association of re-
sistin with PAF, in 146 patients with CVD.

Materials and Methods

Study population

Between 2016 and 2017, 146 patients with CVD (coronary 
artery disease and/or peripheral vascular disease and/or HVD 
and/or AF) were enrolled in our study. For the study purpose, 
the patients were divided into two groups depending on the 
presence and absence of PAF from their medical history. Per-
manent AF was defined according to the American Heart As-
sociation and European Society of Cardiology guidelines, the 
atrial fibrillation which was accepted by the patients and physi-
cians [1, 2]. All demographic data were recorded. Patients with 
acute heart disease or acute illness or known oncology disease 
were not included in this study.

Peripheral blood samples (10 mL) were taken after periph-
eral vena puncture during assessment of patients in outpatient 
clinic. The blood samples were processed within 1 - 2 h of col-
lection. After the centrifugation of the blood, the blood plasma 
was isolated (200 µL) and maintained at -80 °C. In continu-
ous, blood plasma analysis for resistin concentration was per-
formed by the enzyme-linked immunosorbent assay (ELISA) 
multiplex method in FlexMAP3D, Luminex Corporation. The 
unit of resistin measurement concentration in blood plasma 
samples was expressed by ng/mL.

Statistical analysis

The data were presented with mean and standard deviation 
(SD) (mean ± SD) or with intermediate value (median) or 
number (n). The normality of distribution of variables and data 
(normality of distribution) was examined by Shapiro-Wilk test 
and Q-Q plot. Differences between characteristics of patients 
and the association of resistin with CVD or other parameters 
and PAF were examined by parametric (Student’s t-test) or 
non-parametric test (Mann-Whitney test, Kruskal-Wallis 
test, Chi-square or Fisher’s exact test). Also, the correlation 
strength of resistin with other variables (BMI, left ventricu-
lar ejection fraction (LVEF)) and correlation between other 
variables which was included in analysis were expressed with 
Spearman (rs) or Pearson (r) correlation coefficient, and it was 
depending on the type of the variables. In addition, univariable 
logistic regression and uni- and multivariable linear regression 
analysis was used to analyze the predictive value of resistin 
for PAF. Depending on the regression model, the prognostic 
value of resistin for PAF was expressed by odds ratio (OR), 
and association of PAF with resistin was expressed by linear 
regression coefficient (β). In all tests the confidence interval 
(CI) was set at 95% (95% CI). The statistically significant dif-

ference were considered if P < 0.05. IBM SPSS Statistics for 
Windows, version 25 (IBM Corp., Armonk, NY, USA) were 
used for the data analysis.

Ethical compliance

This study was followed in accordance with the ethical stand-
ards of the responsible committee on human experimentation 
and with the Helsinki Declaration of 1975. Informed consents 
were obtained from all individual participants included in the 
study, and this study had been approved by our Hospital Insti-
tutional Review Board.

Results

The 146 patients included in the study were divided into two 
groups depending on presence and absence of PAF. The group 
without PAF was defined as NonAF group with 118 patients, 
while the group with PAF was defined as AF group with 28 pa-
tients. Comparison of the demographic data of the two groups 
showed that there was no difference between them (gender, 
age, and BMI; P > 0.05). Patients in the AF group had a higher 
incidence of mitral valve disease than the NonAF group (P < 
0.001). There were 10.1% of patients (9/89 patients) with coro-
nary artery disease history, while 5.6% of patients (2/36 pa-
tients) with a history of acute coronary syndrome (> 90 days). 
There was also no difference between the two groups (NonAF 
vs. AF) regarding smoking, history of high blood pressure and 
DM (P > 0.05). The median LVEF did not differ between two 
groups (55% vs. 55%, P = 0.25). The highest levels of resistin 
were observed in AF patients compared to the NonAF group 
(median: 6.90 ng/mL vs. 5.83 ng/mL, P = 0.03) (Fig. 1). The 
above data are presented in detail in Table 1.

An interesting finding in our analysis was that patients 
without DM and with or without PAF had a small difference in 
resistin levels in the blood, while patients with DM and PAF 
had higher levels of resistin in the blood than those without 
DM and without PAF (Fig. 2). The above result could sup-
port the idea that DM is involved in the systemic inflammatory 
response due to hyperglycemia and insulin resistance in the 
pathological mechanism of PAF. Resistin has often been linked 
with obesity, and in the present study we tried to investigate 
whether the BMI of patients with CVD of our sample is related 
to resistin. The analysis of the data showed that the BMI was 
not correlated with PAF (r = -0.02, P = 0.77 and β = 0.001, 
95% CI: -0.06 to 0.05, P = 0.78) which is shown by Figure 3. 
We tested the possible relationship of resistin with the LVEF in 
the sample of our study patients. It has been shown that LVEF 
was not correlated significantly with resistin blood levels (r = 
-0.08, P = 0.40 and β = -0.01, 95% CI: -0.04 to 0.01, P = 0.37) 
(Fig. 4).

In addition, a multivariable linear regression (adjusted to 
gender, age, hypertension, DM, coronary artery disease, mitral 
valve disease, aortic valve disease) showed that PAF was as-
sociated with blood plasma resistin (β = 0.99, 95% CI: 0.16 to 
1.81, P = 0.03) (Table 2). Furthermore the prognostic value of 
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Table 1.  Demographic Characteristics and Blood Plasma Resistin Levels in Two Groups

Variables NonAF (n = 118) AF (n = 28) P value
Age, years, median (IQR) 69 (62 - 76) 69.5 (58 - 74.5) 0.62
Gender, female, n (%) 27 (22.9) 9 (32.1) 0.30
Body mass index, kg/m2, median (IQR) 28.1 (26.1 - 31.6) 28 (23.2 - 29.6) 0.27
Hypertension, n (%) 78 (66.1) 17 (60.7) 0.71
Smoking, n (%) 85 (72) 16 (57) 0.17
Hypercholesterolemia, n (%) 72 (61) 14 (50) 0.35
Diabetes mellitus, n (%) 0.10
  Type I 1 (0.8) 2 (7.1)
  Type II 40 (33.9) 8 (28.6)
Chronic obstructive pulmonary disease, n (%) 27 (22.9) 5 (17.8) 0.62
Coronary artery disease, n (%) 80 (67.8) 9 (32.1) < 0.01*
Previous acute coronary syndrome (> 90 days), n (%) 34 (28.8) 2 (7.1) 0.03*
Mitral valve disease, n (%) < 0.01*
  Regurgitation 20 (17) 11 (39.2)
  Stenosis 7 (5.9) 2 (7.1)
  Mixed mitral valve disease 0 (0) 5 (17.8)
Aortic valve disease, n (%) 0.05
  Stenosis 37 (31.3) 11 (39.3)
  Regurgitation 6 (5) 5 (17.8)
Left atrium diameter, mm (IQR) 42 (38.8 - 46) 51 (44 - 55) < 0.001*
LVEF, %, median (IQR) 55 (45 - 60) 55 (42.5 - 60.0) 0.25
Creatinine, mg/dL, median (IQR) 1.0 (0.8 - 1.1) 1.0 (0.8 - 1.3) 0.16
Resistin, ng/mL, median (IQR) 5.83 (4.96 - 7.13) 6.90 (5.85 - 8.33) 0.03*

NonAF group: patients without permanent atrial fibrillation. AF group: patients with permanent atrial fibrillation. IQR: interquartile range; n: number; 
LVEF: left ventricular ejection fraction. *P < 0.05 was considered statistically significant.

Figure 1. Boxplot graph for the levels of resistin in the blood plasma of patients with and without permanent atrial fibrillation.
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resistin as a biomarker for PAF in patients with CVD has been 
studied. Univariable logistic regression analysis was applied 
for this, and the predictive value of resistin for PAF was OR = 
1.3, 95% CI: 1.02 to 1.64, P = 0.02.

Discussion

AF is the most common persistent heart arrhythmia that is ob-
served in the general population and especially in patients with 
CVD. AF is usually diagnosed after the onset of symptoms, and 
the most common laboratory finding is electrocardiographic 
disturbances with arrhythmic atrial and ventricular frequency, 
with that atrial frequency can reach about 300 beats/min. The 
incidence of AF in the general population, according to recent 

studies, ranges from 1% to 4% [1]. The increase in the num-
ber of patients with PAF is probably due to the discovery and 
diagnosis of “silent” PAF and increase of the average age of 
the population in developing and developed countries. The in-
cidence of AF does not differ between male versus female, on 
the other hand the female is an additional factor for the occur-
rence of stroke [1].

Structural heart disease activates various inflammatory 
mechanisms and reactions in human organism resulting in the 
activation of fibroblasts and macrophages, connective tissue 
deposition, fibrosis and cardiac myocyte necrosis within the 
myocardium. The above factors cause heart rhythm distur-
bance, which further aggravates the already burdened cardiac 
function. Cardiac remodeling due to structural heart disease 
(mitral regurgitation, etc.) contributes to disruption of the 

Figure 2. Boxplot graph for the levels of resistin in the blood plasma of patients with and without permanent atrial fibrillation 
depending to diabetes mellitus.

Figure 3. Association of resistin with body mass index (BMI) with 95% confidence interval (CI) (β = 0.001, 95% CI: -0.06 to 0.05, 
P = 0.78).
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cohesion of cardiomyocytes and cardiac conduction system. 
CVD disease and microangiopathy is caused by early necrosis 
and apoptosis of myocardial cells (cardiomyocytes). Obesity 
due to inflammatory reaction is considered a cause of local 
damage in the conduction cardiac system [11-14]. The turbu-
lence blood flow in the left atrium in patients with AF added 
an additional risk factor that contributes to the clots formation 
in the heart.

The response to AF is expressed by acute (postoperative) 
or chronic inflammatory reaction, and it is due to dilatation 
of the left atrium, left atrium fibrosis, oxidative stress and 
pro-thrombotic and thrombotic predisposition [15-19]. The 
above pathophysiological mechanisms of myocardial fibrosis 
contribute to the cardiac remodeling which occurs in atria and 
ventricles. Coronary artery disease, hypertension and other 
predisposing factors create complicated pathological mecha-
nisms, and help enhance inflammation in myocardial cells. 
Left atrium dilation due to other structural heart diseases such 
as mitral valve disease contributes on the pathophysiological 
mechanism of AF. PAF causes chronic damage to the left ven-

tricular wall by fibrosis and replacement of myocardial cells 
with fibroblasts. The deposition of fibroblasts in the atrium 
wall due to the dilation of the left atrium and chronic volume 
overload of systemic circulation and chronic local inflamma-
tion in left atrium and ventricles causes an increase in ma-
trix metallopeptidase-9 (MMP-9), MMP-2 and transforming 
growth factor beta (TGF-β1) levels [20, 21].

Recent studies on resistin demonstrated effects on the en-
docrine system. In addition, resistin also plays an important 
role in inflammatory response to internal and external factors 
[22-27]. The presence of adipocytes in the left atrium wall may 
lead to the fatty infiltration of the atrial wall, and especially in 
obese patients it could be the center of interaction of adipo-
cytes with cardiac conduction system [28]. The presence of 
resistin in adipocytes could mediate the paracrine action of 
adipocytes and cause of local inflammation in the myocardial 
cells through pro-inflammatory and inflammatory cytokines 
resulting in either necrosis or dysfunction of the cell mem-
brane. Similar effect appears to be present at the point where 
the adipose tissue comes into contact with the epicardial coro-

Table 2.  Multivariate Linear Regression Analysis of Resistin With Permanent Atrial Fibrillation

Variables P value β
95% Confidence interval

Lower Upper
Age 0.13 0.02 -0.008 0.06
Hypertension 0.52 0.21 -0.45 0.88
Aortic valve disease 0.93 0.03 -0.77 0.83
Mitral valve disease 0.69 0.14 -0.58 0.87
Atrial fibrillation 0.03* 0.99 0.16 1.81
Plasma creatinine < 0.001* 0.68 0.38 0.98
Left ventricular ejection fraction 0.73 -0.005 -0.03 0.02
Gender 0.96 0.02 -0.72 0.76
Coronary artery disease 0.56 -0.22 -0.99 0.54

β: linear regression coefficient. *P < 0.05 was considered statistically significant.

Figure 4. Association of resistin with left ventricular ejection fraction (LVEF) with 95% confidence interval (CI) (β = -0.01, 95% 
CI: -0.04 to 0.01, P = 0.37).
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nary arteries. Chronic local inflammation could probably also 
affect the development of fibrous tissue and cause coagulation 
disorders of the atrial endocardium. On the other hand, chronic 
stress also affects the function of the sympathetic nervous sys-
tem, resulting in increased overproduction of stress hormones 
and increased blood glucose levels. Resistin is elevated in pa-
tients with DM (mainly in obese patients), and increased and 
regulated blood glucose concentration is maintained for a long 
time. This mechanism could be considered as the local action 
as well as the systemic action of resistin in the atrial myocar-
dium and may be a factor which mainly associated with PAF, 
since this arrhythmia persists for a long time [11, 29]. The 
above suspicion and theory could also be combined with the 
fact that obesity is considered a risk factor for the occurrence 
of AF. This is supported by another study showing that adipose 
tissue is associated with the development of postoperative AF 
in cardiac surgery patients [30].

The mechanism of fibrous tissue growth in the atrial wall 
is most likely due to chronic inflammation that develops due to 
chronic pressure on the walls that results from chronic volume 
overload which is observed in patients mainly with PAF [24]. 
Resistin is the substance involved in immune response and 
is a protein of inflammation, its action on the left ventricular 
remodeling mechanism due to PAF could be the explanation 
for its increased concentration in the blood of patients with 
PAF even if other CVD is coexisted [12, 17]. Secretion of re-
sistin by monocytes stimulates the secretion of inflammatory 
cytokines by the endothelium and macrophages resulting in 
the activation of fibroblasts and the replacement of the gaps 
created between the myocytes and the location of dead fibrous 
cells by fibrous tissue.

Some studies have suggested that resistin is involved as 
a mediator in the human body’s immune response to chronic 
left ventricular myocardial damage with resulting left ven-
tricule dysfunction. Many researchers have tried to associate 
the increased concentration of resistin in patients with CVD 
and left ventricular dysfunction and heart failure [16, 18]. On 
the other hand, mitochondria play a central role in the func-
tion of cardiac myocyte and many of the pathophysiological 
processes involved in AF are related with the mitochondria 
function, including reactive oxygen species (ROS) formation 
and the changes in oxygen consumption in the myocardial 
cells of the heart [30-34]. Oxidative stress and inflammation 
are closely linked because inflammation can lead to ROS 
production and ROS could also promote the synthesis of 
pro-inflammatory cytokines such as interleukin (IL)-6, IL-8, 
IL-10, IL-12 and tumor necrosis factor alpha (TNF-α) [33]. 
Elevated ROS levels, such as H2O2 and peroxide, have been 
associated with AF as a result of reduced NO bioavailability. 
Increased oxygen needs of the myocardium under conditions 
of tachycardia and arrhythmia cause the damage of metabo-
lism and myocyte function. The consequence of pathologi-
cal necrosis is a remodeling of the atrium, which practically 
inactivates the contractile capacity of the atria and thus bur-
dens the circulation in the heart cavities. On the other hand, 
resistin in the context of inflammatory response is produced 
by the monocytes that in turn activate the endothelium for 
the secretion of intercellular adhesion molecules-1 (ICAM-1) 
and vascular cell adhesion molecule-1 (VCAM-1) [34, 35]. 

Resistin actively participates in the mechanism of immune 
response to chronic stress due to AF and on the other hand 
oxidative stress activates pathophysiological mechanisms 
that cause the remodeling of the heart and the formation of 
blood clots in the left atrium.

Study limitations

Our study included the small number of patients and we did 
not include in our study the patients without CVD as control 
group. Paroxysmal AF may be observed in past in patients 
group without AF, which was asymptomatic and did not record 
in patient’s medical history.

Conclusions

We concluded that resistin could be considered as a biomarker 
which characterizes PAF in patients with CVD. The concen-
tration of resistin is higher in patients with PAF than that in 
patients without PAF. To confirm the above study results ran-
domized trials with a larger number of patients should be de-
signed to draw safer conclusions regarding the diagnostic and 
prognostic value of resistin as a biomarker for PAF.
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