
Introdução

Atrial fibrillation (AF) is a severe arrhythmic condition 
with high mortality and morbidity. AF may have serious 
complications, and its incidence is increasing day by day. 
According to current guidelines, there are five types 
of AF – first diagnosed AF, paroxysmal AF, persistent 
AF, long-standing persistent AF, and permanent AF.1 
Permanent AF is used when a joint decision by the patient 
and clinician has been made to no longer pursue a rhythm 
control strategy.1 Because of its long duration, permanent 
AF is more suitable for pathophysiological studies than 
other types of the disease. 2

Due to the increasing incidence of AF, new treatment 
modalities have been developed and implemented. 
However, the pathophysiology of the disease has not 
been fully elucidated.3 In recent years, it has been 
suggested that that epicardial fat tissue, adipokines and 
inflammatory molecules released from this tissue may 
play a role in the pathophysiology of AF.4-6 

Epicardial adipose tissue is a visceral adipose tissue 
where molecules associated with inflammation and 
atherosclerosis are released.7 As the epicardial adipose 
tissue thickness increases, the levels of proinflammatory 
molecules such as interleukin -6 (IL-6 )  and tumor necrosis 
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Abstract

Background: Although electrical and structural remodeling has been recognized to be important in the 
pathophysiology of atrial fibrillation, the mechanisms underlying remodeling process are unknown. There has 
been increasing interest in the involvement of inflammatory molecules and adipokines released from the epicardial 
fat tissue in the pathophysiology of atrial fibrillation.

Objectives: In our study, we aimed to investigate the relationship of atrial fibrillation with increased epicardial 
adipose tissue, inflammatory molecules released from this tissue and omentin.

Methods: Thirty-six patients who were followed up with a diagnosis of permanent AF at the cardiology outpatient 
clinic 33 individuals without atrial fibrillation (controls) were included in the study. Epicardial adipose tissue 
thickness of patients was measured by echocardiography. Serum omentin, IL 6, IL 1 beta, TNF alpha and CRP 
levels were measured. Man-Whitney U test was performed for comparisons and significance was established at 5% 
(p<0.05).

Results: Epicardial adipose tissue thickness was significantly greater in the patient group (6mm [4-5.5]) than controls 
(4mm [3-5.5]) (p <0.001). No significant difference was found in the concentrations of omentin or inflammatory 
molecules between the groups.

Conclusion: No relationship was found between atrial fibrillation and serum levels or omentin or inflammatory 
markers. A relationship between epicardial adipose tissue thickness measured by echocardiography and atrial 
fibrillation was determined.
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rhythm (electrocardiography, ECG) were included in the 
control group. They didn’t have atrial fibrillation in the 
ECG Holter monitoring.

Patients with mitral stenosis, moderate or severe mitral 
insufficiency, mechanical mitral valve, hyperthyroidism, 
and those who underwent AF ablation were excluded. 
Patients with cancer, autoimmune disease, connective 
tissue, and inflammatory bowel disease were also 
excluded because of the association of these conditions 
with elevated inflammatory biomarkers.

All subjects underwent conventional echocardiography. 
Left ventricular end-diastolic and end-systolic diameters, 
posterior wall and septal thickness, aortic root, left atrial 
dimension, ejection fraction, aortic and mitral valve 
maximum and mean gradients, systolic pulmonary 
artery pressure, and epicardial fat tissue thickness 
were measured. Ejection fraction was calculated with 
the Teichholz M-mode formula: (EDV-ESV)/EDVx100. 
EDV:[7/(2.4+End diastolic diameter(EDd))]xEDd3; 
ESV:[7/(2.4+ End systolic diameter (ESd))]xESd3

EDV = end-diastolic volume; ESV = end-systolic 
volume; EDd = end-diastolic diameter; Esd = end-systolic 
diameter

The local ethics committee approved the study 
protocol (approval date and number 01/29/2015 and 
2015/02-30). The study complies with the Declaration 
of Helsinki.

Measurement of epicardial fat thickness

Echocardiographic examinations of all patients and 
the control group were performed with the help of 
the GE M5Sc-D probe of the General Electric Medical 
Systems Vivid E9 Xdclear device.

Transthoracic echocardiographic images of 
the patients were obtained with a 2.5-3.5 MHz 
transducer from parasternal and apical windows. 
Echocardiographically, epicardial fat thickness was 
mesaured on the parasternal long-axis and parasternal 
short-axis images while the patient was lying in the 
left lateral decubitus position. The area and thickness 
of epicardial fat between the outer layer of the free 
wall of the right ventricle and the visceral layer of the 
pericardium was measured at the end of the systole. 
Echocardiographic fat tissue thickness measurements 
were taken in three separate cycles to obtain more 
accurate values. All echocardiographic and Doppler 
studies were carried out by the same observer.

factor alfa (TNF alpha ) also increase in the tissue.8 We 
also know that adipokines such as adiponectin, leptin, 
and omentin are also released from epicardial adipose 
tissue like other visceral adipose tissues.9,10 These 
proinflammatory molecules and adipokines are thought 
to be related to AF.

There are many studies on the relationship of 
inflammation and inflammatory molecules with AF 
and the contribution of the inflammatory process to the 
formation of AF.11 Atrial fibrosis, which is an important 
factor in the formation of AF, is thought to develop 
as a result of inflammation in the atrial myocardium. 
Especially in patients with persistent and permanent 
AF, higher C-reactive protein (CRP) levels indicate this 
inflammatory process as compared with patients with 
paroxysmal AF and individuals with sinus rhythm.12 
High detection of IL-1, IL-6, and TNF alpha in patients 
with AF supports this view. In addition, the higher levels 
of TNF alpha in patients with chronic AF and valvular 
AF compared to patients with paroxysmal AF indicates 
its relationship with chronic inflammation and atrial 
fibrosis.13

Omentin is an adipokine mostly released from 
visceral adipose tissue.14 Its anti-inflammatory effects 
have been shown in experimental studies, and the 
adipokine has also been detected in epicardial adipose 
tissue.10-13 The relationship of omentin released from 
epicardial adipose tissue with cardiovascular diseases 
has been shown in various studies.15 Serum levels of 
omentin, which suppresses the inflammatory process 
by multiple pathways, are low in some cardiovascular 
diseases.16  Omentin is thought to play a role in the 
pathophysiology of AF, although there are few studies 
on this topic.17

Thus, in the presen study, we aimed to show the 
relationship of AF with inflammatory molecules and 
omentin.

Methods

Study population

Thirty-six patients who were followed up with a 
diagnosis of permanent AF at the cardiology outpatient 
clinic were included in the study. In addition, diagnosis 
of permanent AF was applied to those cases when both 
physician and patient decided to accept the presence 
of AF at least one year before. Thirty-three individuals 
attending the cardiology outpatient clinic, who had sinüs 
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Table 1 – Baseline clinical characteristics of the study participants

Characteristics
AF group  

(n=36)
Control group  

(n=33)
p

Age, years 68.5±15 62.8±10,1 0.068

Male, n (%) 21 (%58) 17 (%51) 0.666

Body mass index (kg/m2) 28.6±6.4 27.8±4,1 0.535

Coronary artery disease n (%) 10 (%28) 12 (%36) 0.445

Heart Failure n (%) 4 (%11) 5 (%15) 0.728

Hypertension n (%) 19 (%53) 18 (%54) 0.883

Diabetes mellitus  n (%)  9 (%25) 7 (%21) 0.710

Dyslipidemia n (%) 9 (%25) 15 (%45) 0.075

Stroke n (%) 1 (%3 0

Drugs

Beta blocker n (%) 18 (%50) 12 (%36) 0.254

ACEi/ARB n (%) 21 (%64) 20 (%56) 0.495

Statin n (%) 10 (%28) 5 (%45) 0.127

ASA n (%) 0 13 (%39)

Oral anticoagulant n (%) 35 (%97) 0

Oral antidiabetic n (%) 8 (%22) 8 (%24) 0.843

MRA n (%) 6 (%17) 4 (%12) 0.592

Diuretic n (%) 10 (%28) 15 (%45) 0.127

P value < 0.05,  
ACEi: angiotensin converting enzyme inhibitors, ARB:  angiotensin receptor blockers, ASA:  acetylsalicylic acid, MRA:  mineralocorticoid receptor antagonist

using the Gpower software v3.1.9.4 (Erdfelder, Faul, & 
Buchner, 1996). 

Results

Mean age was 68.5 ± 15 years in the patient group and 
62.8 ± 10.1 years in the control group. In addition, 58% (21) 
of the patient group and 51% (17) of the control group were 
women. The use of antiplatelet agents was different in the 
patient and control groups. Demographic characteristics of 
individuals in the study are summarized in Table 1.

Epicardial adipose thickness and left atrial size were 
significantly greater in patients with AF than in the control 
group. Figure 1 shows the graph comparing epicardial 
adipose thickness.

Serum TNF-alpha, high-sensitivity CRP, IL-1 beta, IL-6 
and omentin levels were not statistically different between 
the two groups (Figure 2 and Table 2). 

Statistical analysis

Statistical analysis was conducted using the SPSS 
software version 18.0 (SPSS, Inc., Chicago, Illinois). 
Continuous variables with normal distribution were 
described as mean and standard deviation, and median 
and interquartile ranges were used for continuous 
variables not normally distributed. Categorical variables 
were presented as percentage. 

The Kolmogorov-Smirnov test was used to test the 
normality of these data distribution. The chi-square test 
was used to compare nominal and categorical variables. 
Parametric data were compared using the Student's 
t-test and non-parametric data were compared using 
the Mann-Whitney U test. A two-sided p-value <0.05 
was considered statistically significant. We calculated 
the sample size based on a statistical power of 0.95, two-
sided alpha error of 0.05, with an odds ratio (OR) of l,17 
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evidence that cytokines released from epicardial fat 
tissue are effective in the pathogenesis of heart disease. 
Tissue studies have shown that epicardial fat tissue 
of patients with ischemic heart disease secretes high 
levels of interleukin 6, tumor necrosis factor-alpha and 
monocyte chemotactic factor 1, and local concentrations 
of these cytokine are significantly higher than in systemic 
circulation. These results suggest that cytokines released 
from epicardial fat tissue act in the cardiac region.21-25

Our finding of increased epicardial adipose thickness 
in patients with AF was consistent with the literature, 
and supports the relationship between epicardial adipose 
tissue and AF.

•	 Inflammation is one of the new risk factors for AF, 
and the source of inflammatory cytokines secreted 
in cardiac diseases seems to be the epicardial fat 
tissue.19 This is supported by the increased frequency 

Discussion

 In recent years, new risk factors for AF have been 
identified. Some of these new risk factors are obesity, 
and increased epicardial fat tissue, cytokines and 
inflammatory factors. Epicardial fat tissue is thought 
to be more specific than obesity in determining AF 
risk. Therefore, the relation of inflammatory molecules 
released from epicardial adipose tissue and adipokines 
with AF will provide a better understanding of the 
pathophysiology of the disease.18,19 In our study, we 
investigated serum levels of inflammatory molecules 
thought to be released from epicardial adipose tissue and 
of omentin, which has been poorly addressed.

The thickness of the epicardial fat tissue is related 
to the biological activity of the tissue, with greater 
release of cytokines from thick tissues.20 There is strong 

Figure 1 – Measurement of epicardial fat tissue thicknesses 
in patients (n=36) and controls (n=33).

Figure 2 – Serum omentin levels in patients (n=36) and 
controls (n=33).

Table 2 – Serum inflammatory molecules and serum omentin levels in the study groups

Characteristics
AF group  

(n=36)
Control group  

(n=33)
p

Inflammatory molecules

TNF-alfa (pg/mL) 27.635 (20.658-30.813) 27.935 (21.723-27.935) 0.959

Hs-CRP (mg/mL) 6.69 (2.34-15.21) 6.53 (3.2025-11.52) 0.498

IL-1 beta (pg/mL) 8.61 (6.26-12.22) 9.6 (7.145-11.735) 0.556

IL-6 (pg/mg) 3.64 (2-8.955) 2.37 (1.4825-4.2575) 0.343

Omentin (ng/mL) 13.51 (6.785-20.413) 11.8 (7.425-18.145) 0.555

P value < 0.05 
TNF-alfa: tumor necrosis factor alpha, Hs-CRP:  high-sensitive c-reactive protein, IL-1 beta:  interleukin 1 beta, IL 6:  interleukin 6
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of the anti-inflammatory cytokine omentin,26 resulting 
in inflammation.27 This inflammation is thought to be 
one of the causes of AF.18

•	 In our study, there was no significant difference 
between the two groups for omentin. We confirmed 
our hypothesis that increased epicardial fat tissue is 
the basis of AF, with involvement of inflammation and 
adipokines; however, we could not demonstrate the 
implication of omentin or biomarkers in it. We have 
shown that high body mass index is associated with 
increased epicardial fat tissue thickness, which may 
explain the association between obesity and AF.

•	 Our study is the second in the literature to examine the 
association of serum omentin levels with AF. Tao et al.,17 
showed a negative correlation between serum omentin 
levels and AF; the adipokine levels were significantly 
lower in patients with AF. However, in our study, this 
significant difference was not observed. One of the 
reasons for this can be that the larger sample size in their 
study. Also, Tao et al.,17 did not include patients with 
chronic diseases. In our study, patients with coronary 
artery disease, diabetes mellitus, hypertension, and heart 
failure were included, with no statistical difference in 
the two groups. 

•	 We also believed that adiposopathy, related to increased 
epicardial fat tissue, may cause AF through inflammation 
and omentin. However, in our study, adiposopathy 
was not detected in patients with increased epicardial 
fat tissue. We suggest that further studies be done to 
elucidate the pathophysiology of adiposopathy by 
different imaging and laboratory techniques. 

Study limitations
The small numbers of patients and control subjects 

is the most important limitation of our study. Another 
limitation is the presence of diseases that could affect 
omentin and inflammatory biomarker levels.

Conclusion

Our study showed that increased epicardial fat tissue 
played an important role in AF, and that it had a positive 
relationship with body mass index. We could not establish 
the relationship of omentin and inflammation with AF.

Potential Conflict of Interest
No potential conflict of interest relevant to this article 

was reported.

of AF in conditions of intense myocardial inflammation, 
such as pericarditis, myocarditis and cardiac surgery. 
It is known that atrial fibrosis, which occurs at the 
end of inflammation, plays an important role in the 
development of AF. Increased B-type natriuretic 
peptide (BNP) due to myocyte stretch and increasing 
high-sensitive troponin levels due to myocyte damage 
caused by inflammation and fibrosis supports this 
pathophysiological pathway. High BNP levels have 
been associated with ischemic complications, and high 
troponin levels have been associated with cardiovascular 
mortality in patients with AF.22,23

•	 Inflammatory biomarkers detected in the atrial 
tissue reinforce the idea of the relationship between 
inflammation and AF.19 In atrial biopsies taken during 
cardiac surgery, high-sensitive CRP, IL-1, IL-6 and TNF 
alpha levels indicated an inflammatory process. Hıgh 
serum levels of these molecules, especially  in patients 
with permanent AF, have been reported in previous 
studies.11,18,19 In addition, these biomarkers have been 
investigated in disease prediction and evaluation of 
prognosis,11,20 and in treatment response in patients 
receiving beta-blocker therapy.24

•	 We could not find a significant difference in the levels 
of inflammatory markers between patients’ and control 
groups in our study. The most important reason for this 
may be the inclusion of patients with inflammation-
related diseases such as coronary artery disease, diabetes 
and hypertension. Thus, the inclusion of patients from 
the general population rather than selected patients 
may have affected the outcomes in this direction. This is 
supported by the fact that inflammatory molecule levels 
were not normally distributed.

•	 Omentin is an anti-inflammatory adipokine released 
substantially from the epicardial and omentum fat 
tissues.14 Although omentin is secreted from the 
omentum, blood levels of this cytokine fall in obesity. 
In contrast, the relationship between epicardial fat tissue 
and blood omentin level are not fully clarified. Omentin 
has anti-inflammatory properties and suppresses 
inflammation through several biochemical pathways in 
experimental studies.25

•	 We thought that the decisive effect of inflammation 
and increased epicardial fat tissue in the development 
of AF was by means of omentin release. Epicardial 
adipose tissue, which is increased in patients with AF, 
gradually progresses to adipose tissue dysfunction 
called adiposopathy. This, in turn, reduces the release 
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number 2015/02-30. All the procedures in this study 
were in accordance with the 1975 Helsinki Declaration, 
updated in 2013. Informed consent was obtained from 
all participants included in the study.
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