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Evaluation of Echocardiographic Epicardial Fat

Thickness as a Sign of Cardiovascular Risk in

Positive Exercise Test Patients
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Background: The association between epicardial fat thickness (EFT) and positive exercise test results for the

diagnosis of coronary artery diseases (CAD) has yet to be evaluated. This study assessed the predictive value of EFT

for CAD on the angiographs of patients with positive exercise tests.

Methods: A total of 91 subjects were chosen consecutively from stable angina pectoris patients who were referred

for coronary angiography due to a positive exercise test result. The EFT measures were obtained by echocardiographic

parasternal long-axis views on the free wall of the right ventricle at end-systole of three cardiac cycles. Gensini

scores were calculated by a conventional coronary angiography technique using a calculation method previously

defined.

Results: Receiver operator characteristic (ROC) curve analysis revealed a 0.65 cm (95% confidence interval: 0.628,

0.832, p < 0.001) area under the curve with 74.3% sensitivity and 62.3% specificity at the cut-off value of EFT for the

prediction of critical coronary artery stenosis. Following ROC curve analysis, two groups were defined according to

EFT cut-off value (groups 1 and 2). The severe coronary stenosis ratio was significantly higher in group 2 compared

to group 1 (31.9 % vs. 11%, p < 0.001) and Gensini scores were significantly higher in group 2 (6.3 � 13.3 vs. 16.5 �

17.9; p < 0.001). There was no significant correlation between Gensini scores and EFT in group 1 (r = 0.093, p =

0.549), but there was a strong significant correlation in group 2 (r = 0.730, p < 0.001). Linear multivariate regression

analysis revealed that EFT (> 0.65 cm) was the only independent risk factor for critical coronary artery stenosis (� =

0.451, p < 0.001).

Conclusions: EFT was significantly correlated with the severity and prevalence of coronary artery disease in

positive exercise test patients.

Key Words: Angiography � Coronary artery disease � Epicardial adipose tissue volume

INTRODUCTION

Noninvasive assessment of patients with chest pain

remains a clinical challenge. Exercise testing is a useful

method of assessing patients over 60 years of age due

to its prompt results and relative lack of expense.
1

How-

ever, the reliability of exercise testing in clinical deci-

sion-making is currently subject to debate. In a prospec-

tive study evaluating positive exercise tests, a 20%

false-negative rate was found with exercise electrocar-

diography (ECG) test results compared to angiography

results.
2

Furthermore, the exercise test cannot be ap-

plied to the clinical decision-making process in patients

with serious anemia, left bundle branch block, or symp-

tomatic heart failure. Therefore, a new method of deter-

mining high-risk patients is necessary to provide more
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reliable results applicable to a wider spectrum of pa-

tients.

Epicardial adipose tissue, a visceral fat depot of the

heart that can be easily detected by echocardiographic

testing, plays an important role in the heart’s energy

metabolism due to its anatomic proximity to the coro-

nary arteries and supplementation of fatty acids. De-

spite these beneficial properties, a number of hazard-

ous cytokines are secreted by epicardial adipocytes,

which contribute to the development of atrial fibrilla-

tion and coronary artery disease.
3,4

Moreover, EFT is an

important predictor of long-term cardiovascular mor-

tality.
5

The relationship between coronary artery disease

development and epicardial fat thickness (EFT) has been

previously described.
6,7

However, the usefulness of EFT

for clinical decision-making has yet to be assessed. We

performed a retrospective analysis investigating the

ability of echocardiography measured EFT to predict

angiographic results in positive exercise ECG test pa-

tients.

METHODS

Subjects were selected consecutively from 288 pa-

tients who were admitted to the cardiology clinic outpa-

tient department of Mevlana University Hospital (Konya,

Turkey) with chest pains. All patients underwent an ex-

ercise ECG test, and those that tested negatively (n =

134) were excluded from the study; overall, 63 patients

with bypass surgery were also excluded. Ultimately, 91

patients with stable angina pectoris were included. Per-

mission and approval of this study was provided by the

local Ethics Committee, and written informed consent

was obtained from all participants.

Blood samples were taken from all subjects, after

which levels of glucose, blood urea nitrogen, creatinine,

total cholesterol, triglycerides, and high-density lipopro-

tein cholesterol were measured. Additionally, body mass

index was measured by calculating the weight of each

patient in kilograms divided by the square of height in

meters.

Exercise test

The exercise test was performed in accordance with

the symptom-limited Bruce Protocol using the GE CASE

(ver. 6.61; GE Healthcare, Milwaukee, USA) treadmill

device. Target heart rate was defined as the heart rate

achieved during 85% maximal exercise intensity, using

the following formula: maximum intensity = 220 – age.

The positive stress test criteria were defined as � 1 mm

ST depression or ST elevation in non-Q wave leads, sud-

den-onset or worsened chest pain, and/or development

of ventricular arrhythmias. We also recorded basal and

maximal heart rate and blood pressure, maximal exer-

cise time, and metabolic equivalent tasks (METs).

Echocardiography

All patients underwent echocardiographic exami-

nation before coronary angiography. Echocardiogra-

phic examinations were performed using the Vivid S5

(GE Healthcare, Horten, Norway) 1-3 MHz transducer,

by different cardiologists in the same institution who

were blinded to patient outcomes. With the aim to

even out the measuring point between different car-

diologists, we defined the aortic annulus as anatomical

reference. EFT evaluations were performed according

to a technique defined previously in the literature.

Epicardial fat was identified as an echo-free space in

the pericardial layers on two-dimensional echocardio-

graphy. The maximum EFT was measured on the long-

axis parasternal view and at the point on the free wall

of the right ventricle along the midline of the ultra-

sound beam, perpendicular to the aortic annulus as the

anatomic landmark, at end-diastole in three cardiac cy-

cles (Figure 1).
8

The average value from 3 cardiac cycles
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Figure 1. Echocardiographic imaging of the epicardial fat. Ao, aorta;

LA, left atrium; LV, left ventricle; RV, right ventricle. Arrow, epicardial fat

tissue; Line, thickness of the epicardial fat.



for each echocardiographic view was used for the sta-

tistical analysis.

All measurements were performed by two experi-

enced investigators, who were unaware of the subject’s

clinical status. If a difference of > 5% in any of the vari-

ables measured by both investigators was found, the pa-

tient was not included, whereas if the difference was <

5%, the measurements were averaged.

Coronary angiography

Coronary angiography examination was performed

according to the Judkins method via radial approach

using a cardiac angiography system (Siemens AG Medi-

cal Solutions, Erlangen, Germany). Critical coronary ste-

nosis was defined as the presence of stenosis � 50%.

and Gensini scores were calculated using the method

defined previously.
9

Statistical methods

The data analysis was performed using the Statisti-

cal Package for the Social Sciences software, version 20

for Windows (SPSS Inc., Chicago, IL, USA). The data are

shown as mean � standard deviation for continuous

variables, medians (minimum-maximum) for ordinal va-

riables, and frequencies with percent for categorical

variables. Comparisons between groups were performed

using one-way ANOVA with post hoc analysis by Tukey’s

HSD or independent samples t-test and the Kruskal-

Wallis tests or Mann-Whitney U test for normally and

abnormally distributed data, respectively. The categori-

cal variables between groups were analyzed using the

chi-square test, and correlation was evaluated by the

Spearman’s correlation test. Receiver operator charac-

teristic (ROC) curve analysis was performed to identify

the optimal cut-off point of EFT (at which the sensitivity

and specificity would be maximal) for the prediction of

coronary artery diseases (CAD) in positive exercise ECG

test patients. Areas under the curve (AUC) values were

calculated as measures of the accuracy of the tests. We

compared the AUC with the use of the Z test. We used

univariate logistic regression analysis to quantify the as-

sociation of variables with the critical coronary artery

stenosis. Variables that were found to be statistically sig-

nificant in the univariate analysis and other potential

confounders were used in a multiple logistic regression

model with the forward stepwise method in order to de-

termine the independent prognostic factors. A p value

of 0.05 was considered statistically significant.

RESULTS

Coronary angiography was performed on 91 pa-

tients. Severe coronary artery disease was detected in

39 (42%) patients, and the remaining patients (n = 52)

had minimal-to-no coronary artery disease. Of the 39

patients with severe coronary disease, three (7%) had

triple-vessel disease, three (7%) had double-vessel dis-

ease, and 33 (86%) had single-vessel disease. Based on

these results, the patients were divided into two groups

according to coronary artery stenosis severity. Patients

with severe stenosis had significantly higher EFT levels

compared to those with minimal-to-no coronary artery

disease (0.90 � 0.29 vs. 0.71 � 0.31; p < 0.001), and

there was a significant positive correlation between

Gensini score and EFT in all patients (r = 0.366, p <

0.001).

ROC curve analysis revealed a 0.65 cm (95% confi-

dence interval: 0.628, 0.832, p = 0.000) area under the

curve, with 74.3% sensitivity and 62.3% specificity at the

cut-off value of EFT for the prediction of critical coro-

nary artery stenosis (Figure 2). Following ROC curve

analysis, patients were subdivided into two groups

(groups 1 and 2) according to EFT cut-off value. The ba-

sic characteristics of the two groups are listed in Table 1.
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Figure 2. ROC curve analysis, the optimal cut-off value of EFT to pre-

dict severe CAD.



The severe coronary stenosis ratio was significantly

higher in group 2 compared to group 1 (31.9% vs. 11%,

p < 0.001). Similarly, Gensini scores were significantly

higher in group 2 (6.3 � 13.3 vs. 16.5 � 17.9; p < 0.001).

Moreover, we found no significant correlation between

Gensini scores and EFT in group 1 (r = 0.093, p = 0.549),

but there was a strong significant correlation in group 2

(r = 0.730, p < 0.001) (Figure 3).

A linear multivariate regression analysis was also

performed, which included age, sex, smoking, body

mass index, hyperlipidemia, maximal exercise heart

rate, resting heart rate, maximal exercise systolic and

diastolic blood pressure, resting systolic blood pressure,

resting diastolic blood pressure, fasting blood glucose,

Hb, Hct, platelet count, MPV, BUN, creatinine, CRP, EFT

(> 0.65 cm), EF, and septal thickness (> 1 cm). Only EFT

(> 0.65 cm) was an independent risk factor for critical

coronary artery stenosis (� = 0.451, p < 0.001).

The participants’ exercise test characteristics, clas-

sified according to EFT, are summarized in Table 2.

Basal and maximal heart rate and blood pressure, ex-

ercise periods and METs values were similar among

groups, with the exception of maximal diastolic blood

pressure.

DISCUSSION

The importance of our study is illustrated by the fol-

lowing results; first, there was an association between

severe coronary artery disease and increased EFT in pa-

tients with positive exercise tests. Second, there was a

significant correlation between increased EFT and Gen-

sini scores. Third, an EFT value > 0.65 cm was an inde-

pendent risk factor for severe coronary artery disease in

patients with a positive exercise ECG test. Finally, echo-

687 Acta Cardiol Sin 2016;32:684�689

Epicardial Fat Thickness, Exercise Test, Coronary Angiography

Table 1. Baseline characteristics stratified by epicardial fat

thickness

Group 1

(n = 45)

Group 2

(n = 46)
p value

Age, mean � SD, years 55.05 � 8.6 62.8 � 8.4 < 0.001

Male/female 26/19 30/16 0.46

Body mass index 28.4 � 0.6 29.6 � 0.9 0.27

Hemoglobin 14.4 � 1.8 13.9 � 1.9 0.27

C reactive protein 003.5 � 0.69 8.5 � 4.5 0.22

Septum thickness 10.7 � 0.1 11.9 � 0.2 < 0.001

Diabetes mellitus (%) 35.7 64.3 0.08

Hypertension (%) 47 60 0.26

Family history (%) 50 47.5 0.81

Smoking (%) 25 12.1 0.29

Hyperlipidemia (%) 22.1 32.5 0.02

Gensini score 06.3 � 13.3 016.5 � 17.9 00.008

Critical narrowing (%) 11% 31.9% < 0.001

Table 2. Exercise test results stratified by epicardial fat thickness

Group 1 (n = 45) Group 2 (n = 46) p value

Baseline heart rate (beat per minute) 83.4 � 130. 82.4 � 150. 0.13

Maximal heart rate (beat per minute) 156.5 � 14.70 156.3 � 18.60 0.17

Baseline systolic pressure (mmHg) 130.1 � 1900. 130.9 � 20.60 0.35

Baseline diastolic pressure (mmHg) 80.3 � 14.5 0.81 � 15.5 0.34

Maximal systolic pressure (mmHg) 161.6 � 20.40 166.2 � 28.40 0.19

Maximal diastolic pressure (mmHg) 84.1 � 9.60 84.3 � 11.8 0.04

Maximal exercise time (minute) 8.8 � 2.4 8.6 � 2.3 0.71

METs 9.4 � 2.3 9.7 � 2.3 0.70

Figure 3. Correlation between epicardial fat thickness and Gensini

score.



cardiographic measurement of EFT revealed the severity

and prevalence of coronary artery disease.

Previous studies have demonstrated that general

obesity is a predisposing factor for the development of

coronary artery disease, but visceral fat tissue studies

have established that atherosclerosis and metabolic syn-

drome are more significant predictors.
10,11

Epicardial ad-

ipose tissue is a visceral fat deposit that secretes cyto-

kines and hormones, which have both local and sys-

temic effects.
12

In patients with known coronary artery disease,

the relationship between EFT and the prevalence and

severity of coronary atherosclerosis and myocardial

ischemia has been demonstrated. Ozcan et al. demon-

strated a relationship between EFT and the prevalence

of coronary artery disease in patients with unstable an-

gina pectoris/ST elevation myocardial infarction; there

was also a positive correlation between EFT and Gen-

sini score.
13

Our multivariate regression analysis revealed that

EFT was an independent risk factor for critical coronary

artery stenosis. Moreover, Wang et al. demonstrated

that EFT was an independent predictor of coronary ar-

tery disease in diabetic patients.
14

Our study supports

these findings, but an important difference is that we

used stable patients with chest pain and a positive stress

test. Furthermore, Picard et al. showed that EFT was

correlated with the presence and extent of angiographic

coronary artery disease in stable patients with chest

pain.
15

Our results corroborate those of previous stu-

dies, because we also found a correlation between EFT

and the presence and severity of coronary artery dis-

ease. This relationship could be used as an independent

predictor of coronary artery disease in positive exercise

test patients.

Picard et al. measured EFT using multi-detector co-

ronary tomography (MDCT), whereas we used echo-

cardiography. However, the literature indicates no signi-

ficant differences between measurements of EFT ob-

tained with echocardiography vs. MDCT.
16

Echocardio-

graphy represents an easily accessible, and easy to use,

diagnostic tool in terms of its functionality and cost-

effectiveness.

Limited research has been conducted on the diag-

nostic value of EFT, especially in stable chest pain pa-

tients who have not had coronary angiography. In fact,

we believe that our study is the first to address this

subject.

The exercise ECG test is widely used to detect coro-

nary artery disease since it is inexpensive and easy to

use. However, the reliability of this test has been ques-

tioned and several researchers have raised concerns re-

garding its credibility.
2,17,18

In our study, severe coro-

nary artery stenosis was only detected by the exercise

test in 42% of patients. Therefore, positive exercise test

results may not reduce doubt concerning the diagnosis

of coronary artery stenosis, which highlights the need

for additional diagnostic tools.
19,20

Numerous studies

have investigated ways in which EFT could be involved.

Dresing et al. showed that chronotropic incompetence

is a strong and independent predictor of death, even

after accounting for the angiographic severity of coro-

nary artery disease.
21

Additionally, Akyüz et al. con-

cluded that abnormal heart rate recovery predicted the

presence of coronary artery disease, but not its sever-

ity.
22

Our study demonstrates that evaluating the re-

sults of the stress test with EFT could lead to more ac-

curate clinical results.

Indeed, it seems that an EFT value � 0.65 cm is an

independent predictor of the presence of severe coro-

nary artery disease.

Limitations

The first limitation of this study was its small study

population, which resulted in low statistical power for

equivalency testing such that negative results may have

been due simply to chance. Second, our study employed

a single-center retrospective design. Future multicenter

prospective studies are required to confirm our results.

The final limitation of our study concerns its lack of ap-

plicability to the general population, given the broad

exclusion criteria that were used.

CONCLUSIONS

In this study, we demonstrated that EFT can be a

useful parameter for determining the presence and se-

verity of coronary artery disease in patients with po-

sitive exercise test results. Long-term follow-up and

large-scale prospective studies are needed to determine

the predictive value of EFT in this population.
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