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Atherosclerosis

Epicardial Adipose Tissue Predicts Carotid
Intima-Media Thickness Independently of Body
Mass Index and Waist Circumference
Turan Erdoan,1 Murtaza Emre Durakolugil,1 Mustafa Çetin,1 Sinan Altan Kocaman,2 Hakan Duman,1
Yüksel Çiçek1 and Ömer Ôatòrolu1

Background: Visceral obesity is strongly associated with atherosclerosis. Even though waist circumference (WC) is
the most common assessment method of total visceral adipose tissue and cardiometabolic risk, this method lacks
direct measurement of adipose tissue and has better correlation to subcutaneous fat rather than visceral fat. We
intended to investigate whether epicardial adipose tissue (EAT) is clinically superior to body mass index (BMI) and
WC in predicting Framingham risk score (FRS) and carotid intima-media thickness (CIMT).
Methods: Our study included 331 patients who were admitted to our outpatient clinic for risk factor assessment.
We calculated BMI, FRS, and WC, and the patients underwent echocardiographic and carotid examinations to
measure EAT and CIMT. The metabolic syndrome (MS) score was calculated by summing the MS risk factor scores.
Results: The area under the curve values of EAT were similar to FRS and higher than those of weight, BMI, and WC
for both increased CIMT and the presence of carotid plaque. Male gender, age, low-density lipoprotein-cholesterol
level, and EAT thickness were independent predictors of CIMT, whereas male gender, age, WC, uric acid concentration,
and EAT significantly predicted the presence of carotid plaque.
Conclusions: This study demonstrated that epicardial adipose tissue (EAT) has a stronger correlation with CIMT
than BMI and WC, and it was a significant predictor of increased CIMT and the presence of carotid plaque. Additional
data are required to clarify the diagnostic and therapeutic role of EAT in managing obese patients, and to decrease
their cardiometabolic risk.
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INTRODUCTION

plays an important role in the development of hypertension, diabetes mellitus and metabolic syndrome (MS),
namely other cardiovascular risk factors.1-3 An increase
in adipose tissue and also the localization of obesity can
be used to predict increased cardiovascular risk. Several
studies have identified abdominal (visceral) obesity, accumulated fat around the visceral organs, to be strongly
associated with cardiovascular risk factors and atherosclerosis.4-6 Waist circumference (WC) is a widely utilized assessment method of total visceral adipose tissue
and cardiometabolic risk.7 However, this method lacks
direct measurement of adipose tissue and cannot provide adequate data for the severely obese, especially in

Coronary heart disease (CHD) is a major cause of
death and disability in developed countries. Obesity, besides being a major modifiable risk factor of CHD, also

Received: February 14, 2018
Accepted: June 28, 2018
1
Faculty of Medicine, Department of Cardiology, Recep Tayyip Erdogan
University, Rize; 2Department of Cardiology, Ankara Medicana Hospital,
Ankara, Turkey.
Corresponding author: Dr. Murtaza Emre Durakolugil, Faculty of
Medicine, Department of Cardiology, Recep Tayyip Erdogan University,
Rize, Turkey. Tel: +90 (464) 213 04 91; Fax: +90 (464) 217 03 64;
E-mail: emredur@hotmail.com

Acta Cardiol Sin 2019;35:32-41

32

EAT as a Predictor of Vascular Impairment

men.8-10 Another factor limiting the widespread utilization of WC is considerable variability in its measurement. In addition, WC seems to have a better correlation to subcutaneous fat rather than visceral fat,11 and it
might be less reliable in older than in younger individuals.12 Therefore, there is considerable interest in developing reliable measures of visceral obesity.8
Echocardiographic measurement of epicardial adipose tissue (EAT) may be an alternative to WC. Echocardiographic measurements of EAT is an objective, readily
available and cheaper method compared to gold standard
techniques of magnetic resonance imaging (MRI) and
computed tomography (CT); thus may be favored in routine clinical practice.13 EAT, a fat tissue closely related to
visceral adiposity of the embryological abdominal organs, is a true visceral fat,14 and secretes several proatherogenic mediators similar to visceral adipose tissues.15-17 Iacobellis and coworkers reported that echocardiographic measurements of EAT were strongly associated with anthropometric measures and total visceral
adipose tissue as assessed by MRI.18
Several studies have investigated the clinical association of EAT with various parameters, however information regarding the direct relationship of EAT and anthropometric parameters with global risk predictors such as
Framingham risk score,7 carotid-intima media thickness,19
and other risk parameters20,21 is lacking. Therefore, we
investigated whether EAT is superior to body mass index
(BMI) and WC in predicting global cardiovascular risk.

sion was defined as the active use of antihypertensive
drugs or documentation of blood pressure more than
140/90 mmHg. Diabetes mellitus was defined as fasting
plasma glucose (FPG) levels over 126 mg/dl or glucose
level over 200 mg/dl at any measurement or the active
use of antidiabetic treatment. Patients who were using
tobacco products on admission to our hospital and those
who had quit smoking within the last year were considered as smokers. A family history of CAD was defined as
a history of CAD or sudden death in a first-degree relative before the age of 55 years for men and 65 years for
women.
This study was performed in accordance with the
principles stated in the Declaration of Helsinki, and it
was approved by the local Ethics Committee. All subjects provided informed consent before participation.

Routine measurements
Blood samples were drawn by venipuncture to measure routine blood chemistry parameters after fasting
for at least 8 hours. Fasting blood glucose, serum creatinine, uric acid, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and
triglyceride levels were recorded. Glucose, creatinine,
and lipid profile were determined by standard methods.
Serum C-reactive protein (CRP) was analyzed using a nephelometric technique (Beckman Coulter Immage 800;
Fullerton, CA, USA; normal range 0-0.8 mg/dL).
Anthropometric measurements
Weight and height were measured while the subjects were fasting and wearing only their undergarments.
BMI was determined as weight (kg) / height2 (m). Waist
circumference (in cm; defined as the circumference between the lower rib margin and the iliac crest, mid waist)
was measured while the subjects were standing with
their heels together.

METHODS
Patient population and study protocol
This cross-sectional and observational study included
331 patients who were admitted to our outpatient clinic. The patient group included healthy people who received preventive evaluations, and patients with hypertension, diabetes mellitus and hyperlipidemia who received risk factor management. Patients with coronary
artery disease (CAD), left ventricular systolic dysfunction, moderate-severe valvular disease, symptoms of
CAD and equivalent findings on exercise electrocardiography and perfusion scans were excluded.
The patients were evaluated in terms of age, demographic data and cardiovascular risk factors. Hyperten-

Definition of metabolic syndrome score
The metabolic syndrome score (MS score) was calculated by summing the following MS risk factor scores:
1) Raised blood pressure (BP): systolic BP > 130 or diastolic BP > 85 mmHg, or treatment for previously diagnosed hypertension. 2) Raised FPG > 100 mg/dL (5.6
mmol/L), or previously diagnosed type 2 diabetes. 3)
Central obesity: WC ³ 102 cm or 40 inches (male), ³ 88
33
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cm or 36 inches (female). 4) Reduced high-density lipoprotein (HDL) cholesterol: < 40 mg/dL (1.03 mmol/L) in
males, < 50 mg/dL (1.29 mmol/L) in females, or specific
treatment for this lipid abnormality. 5) Raised triglycerides: > 150 mg/dL (1.7 mmol/L), or specific treatment for
this lipid abnormality.22

tient was asked to lie in the supine position with their
head directed away from the side of interest and their
neck slightly extended. The transducer was manipulated
so that the near and far walls of the common carotid artery were parallel, and the lumen diameter was maximized in the longitudinal plane. The region 1 cm proximal to the carotid bifurcation was identified, and the carotid intima-media thickness (CIMT) of the far wall was
evaluated as the distance between the lumen-intima interface and the media-adventitia interface. The CIMT
was measured on the frozen frame of a suitable longitudinal image, with the image magnified to achieve a higher
resolution of detail. The CIMT measurement was obtained from 4 contiguous sites at 1-mm intervals, and
the average of all 8 measurements was used for analysis. The same investigator who was blinded to patient
data performed all measurements. The intra-observer
mean absolute difference in measuring the common carotid intima-media thickness was 0.026 ± 0.043 mm (coefficient of variation: 1.6%, intra-class correlation: 0.95).
A mean carotid intima-media thickness lower than
0.9 mm was considered to be normal; a thickness higher
than 0.9 mm but lower than 1.3 was considered to be
increased; a thickness equal to or higher than 1.3 mm in
any measurement site was defined as a plaque.

Echocardiography
Patients were imaged in the left lateral decubitus
position by two experienced cardiologists using commercially available systems with a GE-Vingmed Vivid S5
(GE-Vingmed Ultrasound AS, Horten, Norway) system
according to echocardiography guidelines.23 Left ventricular mass (LVM) was calculated using the Devereux formula.24
Evaluation of epicardial adipose tissue
EAT was evaluated on the free wall of the right ventricle from the parasternal long-axis view, using the aortic annulus as an anatomic reference. We preferred the
area above the right ventricle to measure EAT thickness,
because this area is known to have the thickest EAT
layer. EAT, identified as an echo-free space under the
pericardial layer on two-dimensional echocardiography,
was measured perpendicularly in front of the right ventricular free wall at end-systole.18,25 We magnified each
still image for better visualization and accurate measurement of EAT thickness, and measured the thickest
point of EAT in each cycle (Figure 1). To standardize the
measuring axis, we used the aortic annulus as an anatomical reference. The measurements were performed
at a point on the free wall of the right ventricle along the
midline of the ultrasound beam, perpendicular to the
aortic annulus. The average value comprising three cardiac cycles of each echocardiographic view was used for
the statistical analysis. Inter-observer and intra-observer
variability in epicardial fat thickness measurements
were excellent (coefficients of correlation 0.94 and 0.98,
respectively).

Calculation of cardiovascular risk
Baseline characteristics of the patients were recorded. The Framingham risk score was calculated for
every participant based on the current version of the

Measurement of carotid intima-media thickness
Ultrasonography was performed on all patients using a high-resolution ultrasonography scanner (VingMed
Vivid 3, GE Medical System, Horten, Norway) with a 7.0MHz linear array transducer. Measurements were performed on the right and left carotid arteries.26 Each paActa Cardiol Sin 2019;35:32-41

Figure 1. Evaluation of epicardial adipose tissue. EAT, identified as an
echo-free space between the myocardium and visceral pericardium from
the parasternal long-axis view on 2-dimensional echocardiography, was
measured perpendicularly in front of the right ventricular free wall at
end-systole.
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Framingham Risk Score that was published in 2002 7
(http://www.mdcalc.com/framingham-coronary-heartdisease-risk-score-si-units). The classical risk factors included age, gender, systolic BP, total cholesterol, HDLcholesterol concentration, and smoking.

tion with the stepwise method for the independent variables. Statistical significance was defined as p < 0.05.
SPSS statistical software (SPSS for Windows, version
15.0, Chicago, IL, USA) was used for all statistical calculations.

Statistical analysis
Continuous variables were given as mean ± SD, and
categorical variables as percentages. Data were tested for
normal distribution using the Kolmogorov-Smirnov test.
Spearman’s rank correlation coefficient was used to analyze relationships between variables. Optimal cut-off
values for the detection of increased CIMT (³ 0.9 mm)
and presence of carotid plaque by EAT and the other
study parameters were determined using receiver operating characteristic (ROC) curve analysis and area under
the curve (AUC) values. Linear and logistic regression
analyses with the enter method were used for all relevant independent variables, which were included if they
were significantly different in the univariate analysis. In
addition, the analysis was repeated after pre-elimina-

RESULTS
The clinical characteristics of the patients are presented in Table 1. Our study included 331 patients (mean
age: 46 ± 8 years) with a male preponderance (80%).
We divided the patients into two groups according to
the presence of carotid plaque. The patients with carotid plaque were older with a higher WC, and they were
more likely to be male, hypertensive and smokers. Moreover, these patients had elevated plasma glucose, uric
acid, total cholesterol, low-density lipoprotein (LDL)
cholesterol, and triglyceride concentrations, and higher
EAT, FRS, and MS scores compared to the patients with
CIMT < 1.3 mm.

Table 1. Demographic characteristics, standard cardiovascular risk factors, and laboratory findings in patients with or without
carotid plaque
Variables (N = 331)
Age (years)
Gender (male)
2
BMI (kg/m )
Waist circumference (cm)
Hypertension %
Diabetes mellitus %
Smoking status %
Hyperlipidemia %
Family history of CAD %
Glucose (mg/dL)
Creatinine (mg/dL)
Uric acid (mg/dL)
Total cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Triglycerides (mg/dL)
CRP (mg/dL)
Epicardial adipose tissue thickness (mm)
CIMT (mean, mm)
Framingham risk score
Metabolic syndrome score

Without carotid plaque (N = 254)

Carotid plaque (N = 77)

p value

45 ± 8
68%
.31 ± 4.7
100 ± 110
61%
7%
42%
34%
41%
102 ± 280
0.83 ± 0.16
5.2 ± 1.4
213 ± 400
134 ± 340
45 ± 12
171 ± 109
0.48 ± 0.52
5.4 ± 2.3
0.78 ± 0.15
6.6 ± 6.5
2.4 ± 1.6

51 ± 90
82%
.30 ± 4.2
104 ± 130
75%
12%
60%
45%
56%
111 ± 460
0.85 ± 0.13
5.9 ± 1.5
228 ± 420
146 ± 390
44 ± 13
201 ± 158
0.54 ± 0.56
7.7 ± 2.6
0.98 ± 0.12
12.6 ± 9.30
3.0 ± 1.6

< 0.001 <
0.027
0.836
0.038
0.019
0.124
0.026
0.053
0.066
0.032
0.258
< 0.001 <
0.003
0.009
0.370
0.049
0.387
< 0.001 <
< 0.001 <
< 0.001 <
0.022

BMI, body mass index; CAD, coronary artery disease; CIMT, carotid intima-media thickness; CRP, C-reactive protein; HDL, high
density lipoprotein; LDL, low density lipoprotein; SD, standard deviation.
35

Acta Cardiol Sin 2019;35:32-41

Turan Erdoan et al.

and WC were significant for age (r = 0.107, p = 0.050),
glucose (r = 0.179, p = 0.008), uric acid (r = 0.231, p =
0.001), CRP (r = 0.337, p < 0.001), triglycerides (r =
0.258, p < 0.001), CIMT (r = 0.378, p < 0.001), and FRS (r
= 0.212, p = 0.002). MS score was well correlated with
BMI, whereas FRS and CIMT had strong correlations
with age and EAT.
We then performed ROC analysis to determine the
sensitivity and specificity of FRS, MS score, weight, BMI,
WC, EAT, age, and CRP in order to detect increased CIMT
and the presence of carotid plaque (Figures 2-3, and Table 3). The AUC values of EAT were similar to FRS and
higher than those of weight, BMI, and WC for both CIMT
and carotid plaque.

Correlations of anthropometric measures, EAT, and
CRP to metabolic parameters, metabolic syndrome (MS)
score, CIMT and FRS are detailed in Table 2. EAT was significantly correlated with age (r = 0.231, p < 0.001),
plasma glucose (r = 0.175, p = 0.028), uric acid (r =
0.256, p = 0.002), CRP (r = 0.435, p < 0.001), LDL-cholesterol (r = 0.236, p = 0.003), CIMT (r = 0.596, p < 0.001),
FRS (r = 0.414, p < 0.001), and MS score (r = 0.393, p <
0.001). BMI was correlated with age (r = 0.127, p =
0.008), creatinine (r = -0.214, p < 0.001), uric acid (r =
0.146, p = 0.001), CRP (r = 0.410, p < 0.001), LDL-cholesterol (r = 0.132, p = 0.024), CIMT (r = 0.237, p < 0.001),
FRS (r = 0.191, p = 0.001) and MS score (r = 0.589, p <
0.001). The correlations between metabolic parameters

Table 2. Correlations of different body fat indexes with metabolic parameters
Parameters

Weight (kg)

BMI (kg/m )

Waist circumference
(cm)

Age (years)

r = -0.041,
p = 0.393
r = 0.113,
p = 0.044
r = 0.030,
p = 0.599
r = 0.236,
p < 0.001
r = 0.238,
p < 0.001
r = 0.026,
p = 0.663
r = -0.126,
p = 0.028
r = 0.249,
p < 0.001
r = 0.166,
p = 0.003
r = 0.129,
p = 0.025
r = 0.414,
p < 0.001
r = 0.060,
p = 0.312
r = -0.070,
p = 0.227
r = 0.114,
p = 0.053
r = 0.217,
p < 0.001
r = 0.389,
p < 0.001

r = 0.127,
p = 0.008
r = 0.080,
p = 0.156
r = -0.214,
p < 0.001
r = 0.146,
p = 0.013
r = 0.410,
p < 0.001
r = 0.132,
p = 0.024
r = -0.014,
p = 0.809
r = 0.203,
p < 0.001
r = 0.237,
p < 0.001
r = 0.191,
p = 0.001
r = 0.589,
p < 0.001
r = 0.070,
p = 0.236
r = -0.022,
p = 0.711
r = 0.017,
p = 0.779
r = 0.235,
p < 0.001
r = 0.453,
p < 0.001

r = 0.107,
p = 0.050
r = 0.179,
p = 0.008
r = -0.075,
p = 0.270
r = 0.231,
p = 0.001
r = 0.337,
p < 0.001
r = 0.044,
p = 0.531
r = -0.132,
p = 0.056
r = 0.258,
p < 0.001
r = 0.378,
p < 0.001
r = 0.212,
p = 0.002
r = 0.698,
p < 0.001
r = 0.073,
p = 0.297
r = -0.066,
p = 0.349
r = 0.070,
p = 0.317
r = 0.231,
p = 0.001
r = 0.566,
p < 0.001

Glucose (mg/dL)
Creatinine (mg/dL)
Uric acid (mg/dL)
CRP (mg/dL)
LDL (mg/dL)
HDL (mg/dL)
Triglyceride (mg/dL)
CIMT (mm)
FRS
MS score
Leukocytes (/mm³)
Neutrophil (/mm³)
Monocyte (/mm³)
Lymphocyte (/mm³)
EAT (mm)

2

EAT (mm)

CRP

CIMT (mm)

FRS

r = 0.231,
p < 0.001
r = 0.175,
p = 0.028
r = -0.026,
p = 0.742
r = 0.256,
p = 0.002
r = 0.435,
p < 0.001
r = 0.236,
p = 0.003
r = -0.012,
p = 0.883
r = 0.156,
p = 0.053
r = 0.596,
p < 0.001
r = 0.414,
p < 0.001
r = 0.393,
p < 0.001
r = 0.017,
p = 0.834
r = -0.055,
p = 0.507
r = 0.031,
p = 0.708
r = 0.108,
p = 0.188
-

r = 0.146,
p = 0.006
r = 0.174,
p = 0.006
r = -0.184,
p = 0.003
r = 0.206,
p = 0.001
-

r = 0.473,
p < 0.001
r = 0.178,
p = 0.002
r = 0.005,
p = 0.934
r = 0.240,
p < 0.001
r = 0.274,
p < 0.001
r = 0.166,
p = 0.005
r = -0.048,
p = 0.407
r = 0.001,
p = 0.988
-

r = 0.642,
p < 0.001
r = 0.111,
p = 0.055
r = 0.013,
p = 0.824
r = 0.204,
p = 0.001
r = 0.263,
p < 0.001
r = 0.427,
p < 0.001
r = -0.158,
p = 0.006
r = 0,296
p < 0.001
r = 0.480,
p < 0.001
-

r = 0.312,
p < 0.001
r = -0.025,
p = 0.693
r = 0.138,
p = 0.030
r = 0.274,
p < 0.001
r = 0.263,
p < 0.001
r = 0.321,
p < 0.001
r = 0.336,
p < 0.001
r = 0.316,
p < 0.001
r = 0.131,
p = 0.042
r = 0.147,
p = 0.022
r = 0.435,
p < 0.001

r = 0.480,
p < 0.001
r = 0.344,
p < 0.001
r = 0.003,
p = 0.966
r = -0.003,
p = 0.961
r = 0.057,
p = 0.340
r = 0.015,
p = 0.805
r = 0.596,
p < 0.001

r = 0.470,
p < 0.001
r = 0.028,
p = 0.642
r = -0.015,
p = 0.803
r = -0.006,
p = 0.916
r = 0.115,
p = 0.057
r = 0.414,
p < 0.001

BMI, body mass index, CIMT, carotid intima-media thickness; CRP, C-reactive protein; EAT, epicardial adipose tissue; FRS, Framingham
risk score; HDL, high density lipoprotein; LDL, low density lipoprotein; MS, metabolic syndrome; SD, standard deviation.
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Figure 2. Receiver-operating characteristic curves for the sensitivity
and the specificity of FRS, MS score, weight, BMI, waist circumference,
EAT, age and CRP to detect increased CIMT. BMI, body mass index; CIMT,
carotid intima-media thickness; CRP, C-reactive protein; EAT, epicardial
adipose tissue; FRS, Framingham risk score; MS score, metabolic syndrome score.

Figure 3. Receiver-operating characteristic curves for the sensitivity
and the specificity of FRS, MS score, weight, BMI, waist circumference,
EAT, age and CRP to detect the presence of carotid plaque. BMI, body
mass index; CIMT, carotid intima-media thickness; CRP, C-reactive protein; EAT, epicardial adipose tissue; FRS, Framingham risk score; MS
score, metabolic syndrome score.

Finally, we performed multiple regression analyses
in order to identify the independent predictors of increased CIMT and the presence of carotid plaque. Male
gender, age, LDL-cholesterol level, and EAT thickness
were independent predictors of CIMT, whereas male
gender, age, WC, uric acid concentration, and EAT significantly predicted the presence of carotid plaque (Tables
4 and 5).

Table 3. Receiver-operating characteristic curves for the
sensitivity and the specificity of FRS, MS score, weight,
BMI, waist circumference, EAT, age and CRP to detect
the presence of carotid plaque

DISCUSSION
In this study, we aimed to investigate whether EAT is
superior to anthropometric measures in predicting cardiovascular risk. We found that EAT had a stronger association with FRS and CIMT than to BMI and WC. Moreover, EAT was a significant predictor of increased CIMT
and the presence of carotid plaque. To the best of our
knowledge, this is the first study to compare EAT with
BMI and WC, and to show that EAT has a stronger correlation with CIMT than BMI and WC in a clinical setting.
Even though there are validated clinical risk identification algorithms for the prediction of cardiovascular
events, several biochemical biomarkers and novel imaging methods have been investigated as alternatives.
Obesity is an important health problem in developed

Parameters

AUC

SE

p

95% CI

Age
Weight
BMI
Waist circumference
CRP
EAT
FRS
MS score

0.680
0.488
0.483
0.558
0.598
0.730
0.753
0.552

0.064
0.081
0.070
0.071
0.068
0.060
0.049
0.067

0.009
0.862
0.805
0.397
0.154
0.001
0.000
0.454

0.555-0.804
0.329-0.648
0.346-0.620
0.418-0.698
0.465-0.731
0.613-0.847
0.656-0.849
0.419-0.684

AUC, area under the curve; BMI, body mass index; CI, confidence
interval. CRP, C-reactive protein; EAT, epicardial adipose tissue;
FRS, Framingham risk score; MS score, metabolic syndrome
score; SE, standard error.

and developing countries. This problem is mainly due to
the endocrine and paracrine effects of visceral adipose
tissue.8,27 Although subcutaneous fat has also been related to increased cardiovascular risk, this effect is not
as prominent as with visceral adipose tissue.27
Since there is no real fascia between EAT and myocardium, EAT may influence the myocardium and coronary arteries directly via hormonal and inflammatory
mediators, in addition to systemic effects. This mecha37
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Table 4. Multivariate analyses for prediction of CIMT
Linear regression analysis

Dependent variable: carotid intima-media thickness
#

Independent variables

p value*

Beta (standardized)

p value

Beta (standardized)

Age, years
Gender, male
Family history of CAD
Glucose (mg/dL)
Creatinine (mg/dL)
Uric acid (mg/dL)
LDL, mg/dL
EAT, mm
CRP (mg/dL)
Constant
2
Adjusted R

< 0.001 <
< 0.001 <
0.090
0.706
0.353
0.587
0.019
< 0.001 <
0.644
0.871

0.494
0.467
0.122
-0.025-0.070-0.0430.155
0.312
0.029

< 0.001 <
< 0.001 <

0.391
0.258

0.257
< 0.001 <

0.054
0.441

0.002
0.554

0.519

CAD, coronary artery disease; CRP, C-reactive protein; EAT, epicardial adipose tissue thickness; HDL, high density lipoprotein; LDL,
low density lipoprotein; SE, standard error.
* Linear and logistic regression analyses with enter method were used for all relevant independent variables which were included if
#
they were significantly different in the univariate analyses. In addition, the analysis was repeated after a pre-elimination with
stepwise method for the independent variables.

Table 5. Multivariate analyses for prediction of carotid plaque presence
Logistic regression analysis

Dependent variable: Presence of carotid plaque
#

Independent variables

p value*

Wald

OR (95% CI)

p value

Wald

OR (95% CI)

Age, years
Gender, male
Waist circumference
Hypertension
Smoking
HDL-C, mg/dL
LDL, mg/dL
Glucose (mg/dL)
Uric acid (mg/dL)
EAT, mm
Constant
Nagelkerke R square

0.019
0.016
0.012
0.391
0.961
0.857
0.412
0.931
0.042
< 0.001 <
0.161

5.5
5.8
6.3
0.7
0.2
0.3
0.7
0.1
4.1
13.9
1.9

1.065 (1.011-1.122)
4.427 (1.316-14.9)0
0.930 (0.879-0.984)
2.043 (0.400-10.4)0
1.028 (0.336-3.145)
1.005 (0.956-1.056)
1.006 (0.992-1.020)
0.999 (0.970-1.028)
1.456 (1.014-2.091)
1.649 (1.267-2.149)

0.005
0.033
0.008

8.1
4.5
7.1

1.075 (1.023-1.130)
3.183 (1.098-9.229)
0.927 (0.877-0.980)

0.394

0.015
< 0.001 <
0.193

5.9
1.536 (1.088-2.167)
13.80
1.635 (1.262-2.118)
1.7
0.371

CAD, coronary artery disease; EAT, epicardial adipose tissue thickness; HDL, high density lipoprotein; LDL, low density lipoprotein;
SE, standard error.
* Linear and logistic regression analyses with enter method were used for all relevant independent variables which were included if
#
they were significantly different in the univariate analyses. In addition, the analysis was repeated after a pre-elimination with
stepwise method for the independent variables.

nism may be especially important in CAD and left ventricular hypertrophy. An autopsy study by Corradi et al.
revealed that EAT was more strongly correlated to increased left ventricular mass than BMI.28 Recently, Greif
et al. reported a direct association between epicardial
adipose tissue volume and the extent of CAD. 29 The
Heinz-Nixdorf Recall Study reported that epicardial fat
Acta Cardiol Sin 2019;35:32-41

was associated with fatal and nonfatal coronary events
in the general population independently of traditional
cardiovascular risk factors.30 Park et al. demonstrated
that increased epicardial fat was independently associated with plaque vulnerability in patients with severe
CAD.31 These studies support our findings, however the
exact pathophysiologic mechanisms remain unknown.
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stronger correlation to FRS, which includes several metabolic parameters in order to calculate 10-year cardiovascular risk.19
An important aspect in obese patients is monitoring
weight loss. Decreased visceral adipose tissue leads to
lower cardiovascular risk,37 however, the amount of visceral adipose tissue loss that is required to induce favorable metabolic changes is currently unknown. Moreover, it has yet to be clarified which parameter is better
to monitor weight loss. Even though anthropometric
measures are still routinely used in monitoring weight
loss, there is considerable data supporting the notion
that EAT may be a better predictor of decreased cardiovascular risk. Additionally, recent evidence has shown
that EAT thickness, besides significantly lowering with
weight loss, is more closely related to decreased LVM
and improved diastolic function than BMI. 38 A recent
study performed in a group of asymptomatic morbidly
obese patients also demonstrated decreased EAT and
CIMT thickness 6 months after laparoscopic sleeve gastrectomy.39 Interestingly, a change in EAT was the only
predictor of CIMT independently of BMI, which is similar
to our results.

We know for sure that EAT has both local and systemic
pro-atherogenic effects similar to visceral adipose tissues. It may therefore be possible that EAT has a stronger local action than other visceral adipose tissues due to
a lack of a real fascia between the myocardium and EAT,
and that mediators may impair the coronary arteries directly or systemically through the coronary microcirculation. A recent study demonstrated that EAT stimulates
myocardial fibrosis through the secretion of adipo-fibrokines.32 Moreover, supporting our hypothesis, the myocardium was very close to adipose tissue in sections of
atrial and ventricular myocardium.32 Thus, echocardiographic measurements of EAT thickness may reflect the
strong local effect of several adipokines.
Systemic inflammation and subclinical atherosclerosis, which are closely related to long-term mortality
and morbidity, may stem from obesity. Two recent
studies by Natale and Sengul et al. demonstrated a positive association between EAT and increased CIMT.33,34
Furthermore, Natale and coworkers also showed that
the association between CIMT and EAT was stronger than
anthropometric measurements, and reported a significant relationship between EAT and hsCRP. Our study
showed that EAT was more significantly related to systemic inflammation and subclinical atherosclerosis than
BMI and WC. Even though EAT and anthropometric
measures had similar relationships with metabolic parameters including glucose intolerance, and dyslipidemia, EAT had a stronger association with subclinical
atherosclerosis and systemic inflammation. This association might be due to the fact that EAT, besides being a
marker of visceral adipose tissue, also has a significant
influence on inflammation and atherosclerosis. Therefore, echocardiographic measurements of EAT not only
provide information regarding the systemic influence
of obesity but also its local effects. Due to this ability,
EAT may be a better predictor of cardiovascular risk than
BMI and WC.
Another systemic target of adipose tissue-related
derangement is metabolism. Several studies have demonstrated that increased adiposity leads to insulin resistance and atherogenic lipid profile.35,36 These findings
are also supported by our results. However, all three parameters used to assess cardiovascular risk had similar
relationships with deranged metabolic parameters. On
the other hand, compared to BMI and WC, EAT had a

Limitations
The study group included patients who were admitted to our outpatient clinic. Therefore, our population is
not homogenous and may not reflect the entire population. BMI and WC are simple and convenient measures
which do not require special personnel. However, EAT
requires an echocardiography scanner and experienced
operators. MRI and CT are currently the gold standard
diagnostic methods for measuring epicardial fat thickness, and not using MRI or CT is a limitation of this study.
Although epicardial fat is readily visualized with highspeed CT and MRI, the widespread use of these methods to assess EAT is not practical. Echocardiography
provides an objective, noninvasive, readily available method and is less expensive than MRI or CT for measuring
epicardial fat. The measurement of CIMT involves both
the intimal and medial layer of the arterial wall, whereas the atherosclerotic process is restricted to the intimal
layer. Furthermore, CIMT is an indirect method to assess
the possible atherosclerotic burden in the coronary arteries. Lastly, CIMT not only reflects atherosclerotic burden but also age-related changes.
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CONCLUSIONS
Our study demonstrated that EAT has a stronger
correlation with CIMT than BMI and WC, and that it was
a significant predictor of increased CIMT and the presence of carotid plaque. Additional data are required in
order to clarify the diagnostic and therapeutic role of
EAT in managing obese patients, and to decrease their
cardiometabolic risk.
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