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Abstract

Background: Epicardial adipose tissue (EAT) may produce several cytokines
contributed to coronary atherosclerosis. EAT was measured by transthoracic
echocardiography or 3 dimensional cardiac computed tomography (CT) on
previous studies. We aimed to evaluate the correlation between EAT thickness
and cardiovascular risk factors in healthy adults. Method: We collected clini-
cal, biochemical information from 469 subjects (371 men and 98 women) who
visited our health promotion center. EAT thickness was measured by chest
CT on the free wall of the right ventricle. Result: The mean EAT thickness was
2.47 + 1.64 mm in total of 469 subjects. EAT thickness was significantly cor-
related to age, weight, body mass index (BMI), total body fat, systolic and di-
astolic blood pressure, total cholesterol, low density lipoprotein (LDL)-choles-
terol, and fasting glucose in men and to age, height, weight, BMI, total body
fat, systolic and diastolic blood pressure, triglycerides, C-reactive protein
(CRP), and fasting glucose in women. Multivariate analysis showed that age,
BMI, systolic blood pressure, fasting glucose were the variables that indepen-
dently correlated to EAT thickness in men. But there was no significant inde-
pendent variable in women. Conclusion: In our study, EAT thickness meas-
ured with chest CT in healthy individuals correlates with cardiovascular risk
factors in men.

Keywords
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1. Introduction

Obesity is an important risk factor for cardiovascular and metabolic diseases,
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such as hypertension and diabetes [1] [2]. Visceral fat, defined as the amount of
fat distributed around visceral organs, is strongly associated with the develop-
ment of metabolic syndrome, the incidence of cardiovascular disease, and mor-
tality [3] [4]. Therefore, accurate evaluation of visceral fat mass is very important
for identifying patients at high risk of metabolic syndrome and cardiovascular
disease. Epicardial adipose tissue, in addition to the measurement of visceral fat,
has been studied as a new indicator for evaluation of visceral fat [5] [6] [7]. Epi-
cardial adipose tissue fat is situated around the heart within the pericardium. It
originates from the splanchnopleuric mesoderm, and its origin is thus the same
as abdominal visceral fat. Epicardial adipose tissue fat is metabolically active and
secretes various hormones and cytokines that affect vascular endothelial func-
tions, which can play an important role in the development of coronary artery
disease [8] [9]. However, studies on epicardial adipose tissue fat conducted to
date have mainly involved non-healthy participants with suspected cardiovascu-
lar disease or chronic disease. In addition, in most previous studies, epicardial
adipose tissue was measured using transthoracic echocardiography or 3-D car-
diac computed tomography (CT). There are few studies using chest CT, which is
relatively frequently performed in clinical practice. The present study aimed to
measure epicardial adipose tissue using chest CT in healthy adults with no his-
tory of cardiovascular disease or chronic disease, and to investigate its correla-

tion with cardiovascular disease risk factors.

2. Materials and Methods
2.1. Participants

We recruited and investigated all adults aged 20 years or older who underwent
chest CT at Health Promotion Center, Sanggye-Paik Hospital in Seoul, South
Korea from January 1, 2010 to December 31, 2010. Epicardial adipose tissue
thickness was measured on the free wall of the right ventricle. Patients were ex-
cluded if the epicardial adipose tissue thickness could not be measured because
the pericardium boundaries were unclear, if it was not easy to identify structures
in the heart due to blurred images obtained with chest CT, or if they had a his-
tory of heart failure, renal failure, severe hepatic disease, malignant tumor,
hypertension, diabetes, or coronary artery disease. Finally, 469 subjects (371 men
and 98 women) who did not meet the exclusion criteria, were included in this

analysis.

2.2. Methods

The height and weight of each participant was measured to 0.1 cm and 0.1 kg,
respectively, using the same scale with shoes taken off in an upright position.
Body mass index (BMI) was calculated by dividing the body weight by the
square of the height (kg/m?). Body fat was measured using X-scan plus II (Body
Composition Analysis, Jawon Medical Co. Ltd., Korea). Blood pressure was
measured as brachial artery blood pressure with an electronic automatic mano-
meter (TM-2655P, A & D Co. Ltd., Japan) while each participant was sitting on a
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chair in a stable state for more than 10 minutes.

All participants fasted for at least 8 hours before blood sampling. Venous
blood was collected to measure serum total cholesterol, triglycerides, high den-
sity lipoprotein (HDL) cholesterol, low density lipoprotein (LDL) cholesterol,
C-reactive protein (CRP), and fasting blood glucose levels. Smoking and drink-
ing status of the participants were often missing in the records, and were not
used for data analysis.

Chest CT was performed without enhancement using an Aquilion 64 scanner
(Toshiba Medical System, Japan). Slice thickness was 5 mm, and was observed
from the mediastinal window. Epicardial fat thickness was measured on the
middle slice by counting the number of slices from the slice where the right ven-
tricle first began to be visible to the last observed slice. A vertical line was drawn
from the straight line connecting the right and left atrio-ventricular grooves to
the apex of the right ventricle, and then a vertical line bisecting the line was
drawn to measure adipose tissue thickness from the point of contact with the
free wall of the right ventricle to the pericardium. The epicardial adipose tissue
thickness was measured two times on different days by one observer, and the

mean value of two measurements was used for data analysis.

2.3. Statistical Analysis

The participants were divided by gender, and differences in the evaluated para-
meters are expressed as mean + standard deviation. Each variable was compared
using the t-test. One-way ANOV A was performed by dividing epicardial adipose
tissue thickness into quartiles in order to examine the difference in variables ac-
cording to the increase in epicardial adipose tissue thickness. Correlation be-
tween epicardial adipose tissue thickness and cardiovascular risk variables by
gender was analyzed using Spearman correlation coefficients. Multiple regres-
sion analysis was performed to identify factors independently affecting epicardi-
al adipose tissue thickness using the variables identified. All analyses were per-

formed using SAS software program. Statistical significance was set at p < 0.05.

3. Results

3.1. Clinical Characteristics of the Participants

The mean age of the participants was 51.29 years old. The study population con-
sisted of 371 men (79%) and 98 women (21%). Mean BMI was 24.62 kg/m?, and
the mean epicardial adipose tissue thickness was 2.47 mm. BMI, systolic and di-
astolic blood pressure, white blood cell count, and triglycerides were higher in
male participants than in female participants, whereas CRP and mean epicardial

adipose tissue thickness were higher in female participants (Table 1).

3.2. Comparison of Variables According to Epicardial Adipose
Tissue Thickness

The epicardial adipose tissue thickness of all participants was divided by quartiles,
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Table 1. Baseline characteristics of subjects.*

Total (n = 469) Men (n = 371) Women (n = 98) P-value'
Age (years) 51.29 £ 691 51.29 £ 6.11 51.32+£9.38 0.66
Height (cm) 167.21 +7.79 169.94 + 5.55 156.84 + 6.14 <0.001
Weight (kg) 69.03 £ 10.56 71.67 £9.45 59.02 + 8.36 <0.001
BMI (kg/m?) 24.62 +2.84 24.78 £2.71 24.00 £ 3.22 0.04
Total body fat (%) 26.05+5.19 2443 +4.12 32.15+4.15 <0.001
SBP (mmHg) 114.63 +12.18 115.66 + 12.23 110.71 + 11.24 0.002
DBP (mmHg) 75.03 £9.00 76.17 £ 8.91 70.71 £ 8.03 <0.001
WBC (10*/uL) 6.16 + 1.74 6.30 £ 1.72 5.63 £1.72 0.003
TC (mg/dL) 203.22 + 37.60 201.64 + 38.10 209.23 + 35.16 0.18
TG (mg/dL) 150.81 +91.47 159.10 + 96.30 119.44 + 61.15 <0.001
HDL-C (mg/dL) 49.58 +11.33 48.13 £10.72 55.07 £ 11.97 <0.001
LDL-C (mg/dL) 129.13 + 29.52 128.78 +29.74 130.46 + 28.79 0.81
CRP (mg/dL) 0.22 +0.73 0.16 + 0.28 0.37 +1.33 0.02
Glucose (mg/dL) 94.62 +21.88 95.04 +22.49 93.01 +19.40 0.49
EAT-T (mm) 2.47 +1.64 240 £1.72 2.70 £ 1.26 0.04

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, TC: total cholesterol,
TG: triglycerides, CRP: C-reactive protein, EAT-T: epicardial adipose tissue thickness. *Data are presented
as mean + SD. "P-value by t-test for sex.

and the mean values of the clinical features according to quartiles of epicardial
adipose tissue thickness were compared. One-way ANOV A was used to compare
the mean values of the four quartile groups. Statistically significant differences
were observed in age, height, weight, BMI, body fat, systolic blood pressure, and

fasting glucose according to epicardial adipose tissue thickness (Table 2).

3.3. Association between Epicardial Adipose Tissue Thickness
and Cardiovascular Risk Factors

In men, epicardial adipose tissue thickness showed a significant positive correla-
tion with body fat, followed by BMI, body weight, fasting blood glucose, systolic
blood pressure, LDL cholesterol, age, diastolic blood pressure, and total choles-
terol. In women, epicardial adipose tissue thickness positively correlated with
BMI, followed by body fat, age, body weight, diastolic blood pressure, triglyce-
rides, fasting glucose, systolic blood pressure, and CRP, and negatively corre-
lated with height (Table 3).

3.4. Results of Multiple Regression Analysis

Multiple regression analysis was performed for variables that showed a signifi-
cant correlation with epicardial adipose tissue thickness. Body weight and BMI
in men and height, body weight, and BMI in women were factors that affected
each other, and only BMI was included in the multiple regression analysis. Age,
BMI, systolic pressure, and fasting blood glucose were statistically significant
independent variables for epicardial adipose tissue thickness in men, whereas no
statistical significance was observed for any variable in women (Table 4).
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Table 2. Comparison of variables according to EAT thickness quartile group.*

Quartiles of EAT thickness’

P-value*
1 2 3 4
Number 118 117 117 117
Age (years) 50.14 + 6.02 50.51 £7.25 51.86 + 6.87 52.66 +£7.22 0.02
Height (cm) 169.11 + 6.04 166.62 £8.09 16543 +7.74 167.65 + 8.66 0.002
Weight (kg) 68.22 +£9.97 66.72 £ 9.62 67.77 £10.47  73.41 +£10.98 <0.001
BMI (kg/m?) 23.80 £2.79 23.95+2.34 24.70 £2.99 26.02 £ 2.66 <0.001
Total body fat (%) 23.64 £4.92 25.78 £4.41 26.79 £5.37 28.00 £ 5.05 <0.001
SBP (mmHg) 112.29 +12.50 114.62 +11.64 114.19+12.61 117.44+11.53 0.01
DBP (mmHg) 73.47 £9.73 75.56 £ 9.04 74.53 £9.14 76.58 £7.79 0.05
WBC (10°/uL) 6.10 £ 1.76 6.10 £ 1.83 6.30 £ 1.79 6.14 £ 1.56 0.78
TC (mg/dL) 196.75 + 36.39  202.53 £ 34.10 205.56 + 39.09 208.11 + 40.05 0.11
TG (mg/dL) 146.08 + 110.25 146.61 +91.25 159.74 £90.05 150.86 + 70.32 0.64
HDL-C (mg/dL) 49.08 £11.92 50.06 £+11.47 49.32+11.71 49.27 £10.29 0.95
LDL-C (mg/dL) 124.08 + 28.37 128.32 +£28.30 130.90 £29.70 133.25+ 31.21 0.10
CRP (mg/dL) 0.14 £ 0.19 0.20 £ 0.51 0.22 £ 0.61 0.33+1.24 0.39
Glucose (mg/dL) 89.86 £20.09 94.46 +21.10 94.82+19.85 99.36 +25.27 0.01

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, TC: total cholesterol,
TG: triglycerides, CRP: C-reactive protein, EAT: epicardial adipose tissue. *Data are presented as mean *
SD. "The cut points of the quartiles are 1.530, 2.370, and 3.335 mm. *P-values by One-way ANOVA.

Table 3. Correlation between EAT thickness and cariovascular risk factors.

Men Women
Variables
r* P-value P-value
Age (years) 0.129 0.01 0.324 0.001
Height (cm) 0.000 0.10 -0.281 0.005
Weight (kg) 0.231 <0.001 0.311 0.002
BMI (kg/m?) 0.265 <0.001 0.471 <0.001
Total body fat (%) 0.296 <0.001 0.459 <0.001
SBP (mmHg) 0.158 0.002 0.231 0.02
DBP (mmHg) 0.123 0.02 0.290 0.004
WBC (10°/uL) 0.059 0.26 0.116 0.26
TC (mg/dL) 0.117 0.02 0.097 0.34
TG (mg/dL) 0.102 0.05 0.262 0.009
HDL-C (mg/dL) -0.014 0.79 -0.121 0.23
LDL-C (mg/dL) 0.136 0.009 0.116 0.25
CRP (mg/dL) 0.043 0.51 0.210 0.04
Glucose (mg/dL) 0.204 <0.001 0.246 0.02

EAT: epicardial adipose tissue. BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood
pressure, TC: total cholesterol, TG: triglycerides, CRP: C-reactive protein, *r: Spearman’s correlation coeffi-

cient.
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Table 4. Multiple linear regression analysis between EAT thickness and cardiovascular
risk facors.

Men* Women*
Variables
B+ SE P-value Bf+ SE P-value
Age (years) 0.030 £ 0.014 0.03 0.025 £ 0.015 0.11
BMI (kg/mz) 0.137 £ 0.050 0.01 0.111 £ 0.069 0.11
Total body fat (%) 0.045 + 0.033 0.18 0.044 + 0.056 0.43
SBP (mmHg) 0.026 £ 0.012 0.03 —-0.019 + 0.020 0.32
DBP (mmHg) —-0.027 £ 0.016 0.10 0.025 £ 0.027 0.36
TC (mg/dL) 0.000 + 0.008 0.98
TG (mg/dL) 0.001 + 0.002 0.60
LDL-C (mg/dL) 0.006 + 0.010 0.50
CRP (mg/dL) 0.017 + 0.090 0.85
Glucose (mg/dL) 0.009 + 0.004 0.02 0.006 £ 0.007 0.45

EAT: epicardial adipose tissue, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood
pressure, TC: total cholesterol, TG: triglycerides, CRP: C-reactive protein, SE: standard errors. *The inde-
pendent variables in men are age, BMI, total body fat, systolic blood pressure, diastolic blood pressure, total
cholesterol, LDL-C, glucose and the independent variables in women are age, BMI, total body fat, systolic
blood pressure, diastolic blood pressure, triglycerides, CRP, glucose. The dependent variable is the EAT
thickness. "Coefficients (B) and P-values are calculated by entered method in multiple linear regression
analysis. The R” of men is 16.2% and the R? of women is 30.9%.

4. Discussion

The results of the present study show that the epicardial adipose tissue thickness
measured with chest CT in healthy individuals correlates with cardiovascular
risk factors in men. It has been reported that obesity is a risk factor for cardi-
ovascular disease, metabolic syndrome, and mortality, and that body fat distri-
bution was more closely associated with health risk than the amount of total
body fat [10]. In particular, increased visceral fat mass may increase the risk of
cardiovascular disease and metabolic syndrome regardless of body weight [11]
[12]. However, most studies on visceral fat have been limited to abdominal fat.

As it has recently been reported that epicardial adipose tissue fat is strongly
associated with cardiovascular disease and metabolic syndrome, there is growing
interest in epicardial adipose tissue as a new indicator of visceral fat. Concerning
the mechanism by which epicardial adipose tissue affects cardiovascular disease
or metabolic syndrome, it has been hypothesized that epicardial adipose tissue
may act as the source of various cytokines that cause inflammation and atheros-
clerosis [13] [14]. In addition, it is also argued that epicardial adipose tissue may
have greater effects on coronary artery disease than abdominal visceral fat due to
the local effect of epicardial adipose tissue, which directly surrounds the coro-
nary arteries [15].

In related studies conducted to date, the measurement of epicardial adipose
tissue mainly included measurement of adipose tissue thickness by transthoracic
echocardiography and adipose tissue thickness, area, or total volume by 3-D
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cardiac CT. Previous studies using transthoracic echocardiography showed that
epicardial adipose tissue thickness measured on the right ventricle correlated
with waist circumference, abdominal visceral fat, insulin resistance, metabolic
syndrome, and the severity of coronary artery disease [6] [16] [17] [18]. A num-
ber of studies using cardiac CT also showed that the amount of epicardial adi-
pose tissue was associated with cardiovascular risk factors, coronary artery calci-
fication, metabolic syndrome, and diabetes, independent of recognized obesi-
ty-related indicators such as BMI or waist circumference [19] [20] [21] [22] [23].

Unlike most previous studies on epicardial adipose tissue using transthoracic
echocardiography or cardiac CT performed in patients with metabolic disease or
suspected coronary artery disease, the present study measured epicardial adipose
tissue thickness using chest CT in healthy individuals without a history of such a
disease. The results show that epicardial adipose tissue thickness correlated with
age, body weight, BMI, total body fat percentage, systolic and diastolic blood
pressure, and fasting blood glucose in both sexes. A significant association of
epicardial adipose tissue thickness with total cholesterol and LDL cholesterol
was observed in men, whereas a significant association of epicardial adipose tis-
sue thickness with triglycerides and CRP was observed in women. Although the
method for measuring epicardial adipose tissue thickness and the participants of
the present study were different from previous investigations, the results of the
present study are consistent with previously reported results, indicating the pos-
sibility that measurement of epicardial adipose tissue thickness could be used as
a cardiovascular risk factor. In the present study, multiple regression analysis of
cardiovascular disease-related variables showed that age, BMI, systolic blood
pressure, and fasting blood glucose were independent variables associated with
epicardial adipose tissue thickness in men, whereas no independent association
was observed for any variable in women. These results might be due to the high-
er rates of smoking and drinking in men than women, because a history of
drinking and a history of smoking were not included in the data analysis. In ad-
dition, mean total body fat percentage was higher in women than in men, but
the actual amount of visceral fat was likely to be higher in men because indica-
tors reflecting visceral fat, such as waist circumference, were not measured.

The present study is significant in that epicardial adipose tissue thickness was
measured using chest CT, which is performed at a relatively high frequency for
the general population in health examinations or routine clinical practice. The
measurement of epicardial adipose tissue thickness using transthoracic echocar-
diography has the disadvantage that epicardial adipose tissue thickness can be
measured only by skilled observers, and 3-D cardiac CT is costly and is not often
used for screening purposes in healthy people. In addition, the methods for
measuring epicardial adipose tissue as the whole epicardial adipose tissue vo-
lume or adipose tissue area at a specific location using cardiac CT, as used in
previous studies, require the reconstruction of separate radiographic images us-
ing Hounsfield numbers, and it thus seems unlikely that it can be easily used in

clinical practice.
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As in most studies using transthoracic echocardiography, the present study
measured epicardial adipose tissue thickness on the right ventricle free wall. This
is because epicardial adipose tissue is 3 to 4 times more distributed to the right
ventricle than the left ventricle, which makes it easy to measure adipose tissue
thickness on the right ventricle free wall [24]. However, a study comparing epi-
cardial adipose tissue volume, thickness, and cross-sectional area using cardiac
CT showed that the method for quantifying total fat volume was highly repro-
ducible compared to the other two measurement methods [25]. In addition, it is
thought that the precision and reproducibility of images obtained with chest CT
may be somewhat low compared to measurements using cardiac CT, because
cardiac movement leads to reduced quality of chest CT images of structures
surrounding the heart.

The present study involved healthy adults with no history of cardiovascular
disease or metabolic disease, and found that epicardial adipose tissue thickness
on chest CT was independently associated with cardiovascular risk factors such
as age, BMI, systolic blood pressure, and fasting blood glucose in men. The re-
sults of the present analysis are significant in that previous studies using trans-
thoracic echocardiography or cardiac CT could also be validated by measure-
ment of epicardial adipose tissue using chest CT in healthy individuals.

However, the present study has limitations. Other indicators of abdominal
visceral fat were not measured, smoking history and drinking history were not
investigated, and the accuracy of the epicardial adipose tissue thickness mea-
surement process using chest CT was low. It is thus necessary to conduct further
studies with standardized methods to improve the accuracy of adipose tissue
measurement surrounding the heart. Additionally, our study population mainly
consisted of men, which may limit the generalizability of the results. Clinical
studies including healthy people without a history of cardiovascular or chronic
disease should be performed to evaluate the possibility that epicardial adipose
tissue can be used as a risk factor to predict cardiovascular disease in the general

population.
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