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Abstract 

Objective: Smoking stimulates lipid accumulation and causes non-alcoholic fatty liver disease. Epicardial Fat Tissue 
(EFT) resides between the visceral pericardium and myocardium. The aim of this study was to determine whether if 
smoking may accumulate Epicardial Fat Tissue thickness (EFTt). 

Material and methods: 266 smoking and 500 non-smoking subjects were included in the study. The subjects were 
chosen to be healthy individuals, without any cardiovascular/systemicdisorders or risk factors for atherosclerosis 
(except hyperlipidemia). Transthoracic echocardiography (TTE) was applied to all subjects, and EFTt was measured in 
both diastole and systole (EFTtd and EFTts respectively).  

Results: EFTtd, EFTts, low-density lipoprotein cholesterol, triglyceride, and monocyte to the HDL cholesterol ratio 
(MHR) values were found to be significantly increased in the smoking group when compared to the non-smoking group. 
Pearson’s correlation analyses revealed that EFTtd and EFTts were related to pack.year, low-density lipoprotein 
cholesterol, triglyceride, MHR, BMI, and age. Linear regression analysis results showed that smoking, pack.year, BMI, 
age, and MHR were independent predictors of EFTtd, EFTts. 

Conclusions: The study results showed that smoking increases the EFTtd and EFTts. Smoking and MHR were 
independent predictors of EFTt. Evaluating blood parameters together with EFTt may guide primary prevention in 
smokers. 
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1. Introduction

The World Health Organization defines smoking as the world's fastest-spreading and longest-lasting epidemic (1). 
Smoking is one of the most important causes of cardiovascular system diseases. (2). Smoking which can increase the 
risk of coronary heart disease by 2-4 times, plays a role as a risk-increasing factor in more than 70% of deaths caused 
by this disease and in sudden deaths (3).  

Epicardial fat tissue (EFT) is a visceral fatty tissue located around the heart and coronary arteries and has paracrine, 
vasocrine and inflammatory effects (4-6). There is no fascia separating epicardial fat tissue and myocardium, so these 
two tissues share the same microcirculation (7). Although epicardial fat tissue is important for the protective regulation 
of vascular functions and the provision of energy needs in healthy situations, the increase in epicardial fat tissue turns 
it into a lipolytic, prothrombotic and pro-inflammatory organ (8). 
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Smoking has been shown to stimulate lipid accumulation in mouse hepatocytes and adenosine monophosphate-
activated cultured cells (9). Some recent studies have shown smoking to be an independent risk factor for non-alcoholic 
fatty liver disease (10,11). In this study, we wanted to investigate whether there is a connection between EFT thickness 
(EFTt) and smoking. 

2. Material and method 

2.1. Population of the study 

A total of 766 subjects who applied to Elazığ Fethi Sekin City Hospital Cardiology outpatient clinics between December 
1 2018- July 1 2021 were recruited retrospectively. The ages of the subjects differed from 17 to 75 and they had neither 
any cardiovascular/systemic disorder nor risk factor for atherosclerosis (Except from hyperlipidemia) , which were 
detected by anamnesis, transthoracic echocardiography (TTE), and exercise stress test. The study was carried out in 
conformity with Helsinki principles and ethics approval was taken from the Presidency of T.C. Firat University Ethics 
Committee. 

In addition to subjects who do not have sufficient data in their files or hematological, biochemical or serological 
abnormalities, subjectsts with routine alcohol intake, marijuana, and use other tobacco products, and ex-smokers, 
professional athletes, subjects with BMI> 35 and pregnant women were excluded from the study. 

Participants who smoked one or more cigarettes per day were accepted as smokers. Smoking characteristics such as 
the number of cigarettes smoked daily and the number of pack years of smoking, which represents a combined measure 
of dose and duration of smoking, were also evaluated. Pack.years was calculated as number of cigarettes smoked per 
day number of years smoked/20. 

The physical examinations and laboratory analysis were conducted to record fasting blood glucose and lipid levels, the 
blood pressure, and the BMI parameters. Patients who take antihypertensive drugs were not included in the analysis. 
Also the blood pressure measurements were taken to discriminate the hypertensive patients that, according to the 
blood pressure records, the subjects who have a diastolic blood pressure ≥90 mmHg and a systolic blood pressure 
higher than ≥140 mmHg were not accepted to be subjects of the study. 

To approve a subject was diabetic, usage of antidiabetic medications or a measurement of fasting blood glucose level 
≥126 mg/dL was required and these subjects were not included in analysis.  

BMI was evaluated according the formula that is presented in the following: 

𝐵𝑀𝐼: 
𝑊𝑒𝑖𝑔ℎ𝑡(𝑘𝑔)

𝐻𝑒𝑖𝑔ℎ𝑡2(𝑚2)
  

2.2. Echocardiography  

In order to perform the transthoracic echocardiography, the Vivid 5 instrument with a 2.5-MHz transducer (GE Medical 
Systems, Milwaukee, WI, USA) was applied. American Society of Echocardiography suggestions was followed (12). The 
measurements of EFTt were carried out by a procedure which was suggested by Iacobellis G, et al (13). In accordance 
with the aforementioned procedure, the measurements were taken on the outer wall of the right ventricle from the 
parasternal long axis view. The EFT was discriminated by determining the echo-free space which resides in-between 
the pericardium visceral lamina and external wall of the myocardium (Figure 1).  
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Figure 1 Measurement of epicardial fat tissue thickness (EFTt) by two-dimensional transthoracic echocardiography 

Evaluations on M-mode strips were gathered from longitudinal cursor beam orientation in 3 cardiac cycles at the end-
systole and end- diastole. The maximum values were measured and the derived values were averaged. 

2.3. Exercise stress test 

In order to conduct the stress test, Cardiosis TEPA Exercise Stress Test device (TEPA Medical and Electronic Products 
Industry and Trade Company, Ankara, Turkey) is utilized. Specifically the tests were done according to the Bruce or 
modified Bruce treadmill protocols. Such protocols are known to be non-invasive for functional capacity and exercise 
tolerance for patients who are doubted to have cardiovascular disorders (14). 

2.4. Statistical analysis: 

SPSS 27 package program will be used for statistical evaluation. Kolmogorov-Smirnov test was applied to determine 
whether the continous variables showed normal distribution or not. Since no continuous variable showed normal 
distribution, the Mann-Whitney U test was used to analyze these parameters. The Chi-square test was used to analysis 
of categorical variables. Data were presented as median with 25th–75th percentiles for continuous variables and 
categorical variables were expressed as numbers and percentages. Degrees of association between continuous variables 
were analyzed by Pearson’ correlation analysis. Linear regression analysis was performed to determine which clinical 
variables independently affected EFTt existence. p<0.05 was required for statistical significance. 

3. Results 

266 smoking and 500 non-smoking subjects with neither any cardiovascular/systemic disorder nor risk factor for 
atherosclerosis were included in the study. Echocardiographic measurements, baseline clinical characteristics of the 
study participants, and findings were summarized in below (Table I ). 
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Table 1 Inter-group comparison of demographic and laboratory data 

 The Smokers (266) The Non-Smokers (500) p Value 

Gender (Male/Female) 147/119 216/284 0.001 

Age (year) 44.5(31.0-55.0) 45.0(30.0-56.0) 0.51 

Hyperlipidemia n (%) 56(21.1) 89(17.8) 0.27 

Low-density lipoprotein cholesterol (mg/dL) 104.0(75.75-125.25) 91.40(75.0-116.72) 0.002 

Triglycerides (mg/dL) 134.0(98.75-150) 110.0(75.0-145.0) <0.001 

High-density lipoprotein (HDL) cholesterol (mg/dL) 42.0(37.0-46.0) 50.0(45.0-55.0) <0.001 

Monocyte to the HDL cholesterol ratio (MHR) 14.51(11.79-17.50) 11.95(9.38-15.0) <0.001 

BMI (body mass index) 25.96(23.93-27.55) 27.01(24.97-26.61) <0.001 

White blood cell (103/mm3) 7.80(6.65-9.19) 7.21(6.02-9.00) 0.02 

Hematocrit (%) 44.0(41.0-46.81) 42.0(40.0-45.0) <0.001 

Fasting plasma glucose (mg/dl) 90.0(79.95-102.0) 90.0(79.0-99.0) 0.24 

EFTtd (mm) 2.60(1.97-3.50) 2.50(1.2-3.0) 0.002 

EFTts (mm) 5.0(4.0-6.0) 5.0(3.2-5.5) <0.001 

EFTtd: (Epicardial fat tissue thickness measured in diastole) 

EFTts: (Epicardial fat tissue thickness measured in systole) 

EFTtd (Epicardial fat tissue thickness measured in diastole), EFTts (Epicardial fat tissue thickness measured in systole), 
low-density lipoprotein cholesterol, triglyceride, monocyte to the HDL cholesterol ratio (MHR), white blood cell, 
hematocrit values were found to be significantly increased in the smoking group when compared to the non-smoking 
group (Table I, Figure 2).  

 

Figure 2 Comparison of EFTt between the smokers and the non-smokers both diastole and systole 

High-density lipoprotein (HDL) cholesterol and BMI (body mass index) was significantly lower in the smoker group 
than the non-smoker group. On the other hand other laboratory and age parameters did not reach a statistically 
significant difference between the two groups (Table I). 
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Pearson’s correlation analyses exposed that EFTtd and EFTts were meaningfully related to:  

 age of the subjects,  
 MHR, 
 Pack.year 
 HDL, 
 LDL, 
 Triglyceride, 
 BMI (Table II, Figure 3). 

Table 2 Pearson correlation analysis between EFTt and baseline characteristics, echocardiography and some 
laboratory measurements 

 EFTtd EFTts 

 r  p r  p 

Age 0.504 <0.001 0.494 <0.001 

Fasting plasma glucose (mg/dL) 0.121 0.04 0.144 0.019 

LDL (mg/dL) 0.185 0.002  0.146 0.017 

Triglyceride(mg/dL) 0.247 <0.001 0.210 <0.001 

HDL (mg/dL) -0.148 0.016 -0.167 0.006 

MHR 0.347 <0.001 0.345 <0.001 

Pack.year 0.539 <0.001 0.539 <0.001 

BMI (kg/ m2) 0.119 0.03 0.137 0.025 

LDL ; low-density lipoprotein cholesterol, HDL;High-density lipoprotein cholesterol, BMI; Body mass index, BSA; 
Body surface area, LV mass ; Left ventricle mass, MHR: Monocyte to the HDL cholesterol ratio  

 

 

Figure 3 The correlations between Pack.year and EFTt both diastole and systole  

Linear regression analysis results showed that smoking, pack.year, BMI, age, and MHR were independent predictors of 
EFTtd and EFTts (Table III, IV). 
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Table 3 Model-1. Linear Regression for Variables (Dependent Variable: EFTtd) 

 Unstandardized 
Coefficients 

Standardized 
Coefficients 

t P 

B Std. Error Beta 

(Constant) -2.651 1.601  -1.656  0.10 

Smoking -0.488 0.106 -0.164 -4.588 <0.001 

Pack.year 0.053 0.009 0.368  6.098 <0.001 

Age 0.038 0.007 0.317  5.764 <0.001 

Hyperlipidemia  -0.284 0.258 -0.065 -1.100  0.27 

High-density lipoprotein (HDL) cholesterol 0.028 0.015 0.128  1.938  0.60 

Monocyte to the HDL cholesterol ratio (MHR) 0.079 0.020 0.257 3.995 <0.001 

Low-density lipoprotein cholesterol (mg/dL) 0.001 0.002 0.035 0.721  0.48 

Triglyceride 0.002 0.001 0.084 1.466  0.14 

Model p<0.001; Nagelke R2 = 0.498 

 

Table 4 Model-2. Linear Regression for Variables (Dependent Variable: EFTts) 

 Unstandardized 
Coefficients 

Standardized 
Coefficients 

t P 

B Std. Error Beta 

(Constant) -2.160 1.552  -1.392  0.16 

Smoking -0.644 0.127 -0.180 -5.059 <0.001 

Pack.year 0.067 0.009 0.399  7.837 <0.001 

Age 0.044 0.007 0.314  5.842 <0.001 

Hyperlipidemia  -0.017 0.307 -0.003 -0.055  0.75 

High-density lipoprotein (HDL) cholesterol  0.041 0.017 0.161  2.506  0.03 

Monocyte to the HDL cholesterol ratio (MHR) 0.087 0.024 0.243 3.675 <0.001 

Low-density lipoprotein cholesterol (mg/dL) 0.001 0.002 0.017 0.348  0.62 

Triglyceride 0.003 0.002 0.105 1.815  0.10 

Model p<0.001; Nagelke R2 = 0.445 

When model-1 is examined, it was seen that the linear regression model established was significant and the explanatory 
value of the variables in the model was 49.8%. (Nagelke R2 = 0,498; P < 0,001) According to this model, it was 
determined that a 1-unit increase in the pack.year score increased the EFTtd value by 0.053 mm (Table III). When 
model-2 is examined, it was seen that the linear regression model established was significant and the explanatory value 
of the variables in the model was 44.5%. (Nagelke R2 = 0,445; P < 0,001) According to this model, it was determined 
that a 1-unit increase in the pack.year score increased the EFTts value by 0.067 mm (Table IV). 

4. Discussion 

The findings showed that smoking habit elevates transthoracic echocardiographic EFTt both diastole and systole (Table 
I, Figure 2). It was also observed that EFTt had a significant association with the pack.year, age, BMI, triglyceride, LDL, 
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HDL, and MHR (Table II, Figure 3). Last, the study demonstrated smoking, pack.year, BMI, age, and MHR were 
independent predictors of EFTtd and EFTts (Table III, IV). 

Epicardial fat is a kind of visceral fat that deposits in the heart. EFT is situated between the visceral segment of 
pericardium and the myocardium. It is known to be highly active with a fatty acid metabolism and bears highly 
expressed thermogenic genes (15). The functional complexity of human epicardial fat is not fully elucidated. However, 
the role of epicardial fat in the heart can generally be identified as mechanical, metabolic, thermogenic and endocrine / 
paracrine(16) .  

The EFT is very close to the myocardium, which imposes it to have a vital role. Anatomically, there is no border between 
the myocardium and the EFT and because of this anatomical phenomenon; the myocardium is effected vasocrinely and 
paracrinely by some factors which are released from the EFT. Specifically, some of the factors can be named as the 
adipokines and cytokines (17,18). Recent studies suggest that the cytokines which are released from the EFT has a 
significant effect on some cardiovascular disease development (19-22). 

EFT is located in interventricular and atrioventricular grooves that cover the atria, the main branches of coronary 
arteries, outer wall of right ventricle and, the apex of the left ventricle (15). The increase in the size of the epicardial fat 
brings about the coronary arteries and myocardium to be surrounded by fat. It is also a known fact that the fat can get 
into the connective tissue out-setting the subepicardial connective tissue, which stands in the muscle bundles and 
muscle fibers (17). Furthermore, when extreme obesity exists, the heart may become completely covered with fat that 
can be as thick as 20 mm (23). 

Today, EFT has attracted many researchers owing to its anatomic and functional characteristics, which mainly stem 
from its closeness to the myocardium. Many research studies have been conducted to illuminate its role as an endocrine 
organ. In addition, several researches have been carried out to reveal the role of EFT in the occurrence of pathogenic 
conditions. Specifically, in some studies, the lipid-storing depot characteristics of the EFT has been investigated, which 
mainly aimed to explain the secreting of cytokines and chemokines under pathogenic conditions as an inflammotary 
tissue (17). Strong evidence shows that epicardial fat actively excretes many pro-inflammatory cytokines, such as tumor 
necrosis factor-α (TNF-α), transforming growth factor-β (TGF-β), interleukin-6 (IL-6), interleukin β (IL-1β), monocyte 
chemoattractant protein-1 (MCP-1) (a chemokine), and IL-6 sR (interleukin 6 soluble receptor) (24).  

It is known that there is a connection between smoking and systemic inflammation parameters and lipid profile panel.  
It has been reported that there is an increase in total cholesterol, triglyceride, LDL, CRP, and MHR levels in smokers 
compared to non-smokers, while a decrease in HDL levels is observed (3,25,26). Cigarette smoking has been shown to 
stimulate lipid accumulation in mouse hepatocytes and cultured cells that inactivate adenosine monophosphate-
activated kinase and is an independent risk factor for non-alcoholic fatty liver disease (9-11). 

The relationship between smoking, systemic inflammatory response, vascular endothelial injury and atherosclerosis 
has been well defined and MHR also accepted as a marker of systemic inflammation and endothelial dysfunction (27-
29). 

Our study shows a positive association between smoking, age, BMI, triglyceride, LDL, and EFTt (Table III). EFTtd and 
EFTts was also found to correlate with MHR which accepted as an inflammatory marker. In light of the findings in this 
study, it can be thought that there may be a direct relationship between EFTt, smoking and MHR.  

5. Conclusion 

Since inflammation and smoking are considered major risk factors for atherosclerosis, EFTt, which can be easily 
detected with TTE, can be considered an important marker for coronary artery disease in the coming years. In addition 
to traditional risk assessment, evaluating blood parameters together with EFTt may help predict the risk of 
atherosclerotic events may guide primary prevention in smokers. 
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