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Abstract Background and aim: Epicardial adipose tissue (EAT) is easily quantifiable visceral
adipose tissue that is closely associated with cardiometabolic disease including heart failure with
preserved left ventricular (LV) ejection fraction. As body fat distribution and metabolism are
different between men and women, we evaluated the sex difference in EAT thickness and its
relationship to cardiac function.
Methods and results: A total of 152 consecutive patients (76 men) with mean age of 62 � 9 years
were enrolled. Conventional echocardiography was performed and EAT thickness was measured
perpendicularly on the right ventricular free wall at end systole.

Mean EAT thickness in all patients was 6.5 � 2.0 mm. EAT thickness was associated with
patient age, body mass index, and the presence of hypertension. EAT thickness was not different
by sex in patients younger than 60 years (men, 6.4 � 2.0 mm; women, 6.2 � 1.8 mm, p Z 0.716);
however, among patients aged 60 years or older, EAT thickness was significantly greater in
women than men (men, 6.0 � 1.7 mm; women 7.7 � 2.1 mm, p < 0.001). LV function represented
by E/e0 and s0 was significantly related to EAT thickness only in women (E/e0, b Z 0.330,
p Z 0.002; lateral s0, b Z �0.225, p Z 0.042).
Conclusion: EAT thickness was greater in women than men after 60 years old and its relationship
with LV function was significant only in women. Greater increase in EAT thickness in elderly
women after menopause might partially account for this difference.
ª 2016 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.

Background

Heart failure with preserved ejection fraction (HFpEF)
more frequently develops in elderly women with hyper-
tension [1]. In contrast to male patients, many of the fe-
male patients with HFpEF show left ventricular (LV)

concentric remodeling [2]. Obesity is one of the most
important risk factors for the development of hyperten-
sion and HFpEF [3,4], and common in these patients.
Increased body mass is related to the development of
HFpEF [5,6], and central obesity accelerates LV concentric
remodeling in patients with hypertension [7,8]. However,
these factors do not directly explain the relationship be-
tween obesity and development of HFpEF in elderly
women.

Even in individuals with the same body mass index,
adiposity is different between men and women; lean body
mass is greater in men and women have more subcu-
taneous adipose tissue [9]. The body fat distribution is also
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different between men and women. Men are more likely
to have adipose tissue in the abdomen in the form of
visceral adipose tissue, whereas women are more likely to
have adipose tissue in the subcutaneous area; this differ-
ence is partly influenced by sex hormones [10]. Moreover,
in women, the pattern of body fat distribution and fat
metabolism change after menopause [11].

Epicardial adipose tissue (EAT), one of the most easily
measurable forms of visceral adipose tissue [12], is meta-
bolically bioactive and closely related to insulin resistance
and free fatty acid generation [11]. Therefore, EAT thick-
ness has been used as a quantifiable marker of visceral
adiposity in many studies and it has shown a positive as-
sociation with the development of cardiometabolic dis-
eases including metabolic syndrome, atherosclerosis, and
coronary artery disease [13e15]. Moreover, EAT covers the
ventricular free wall and directly releases inflammatory
cytokines into the LV. The paracrine effect of EAT might
have a synergistic effect on LV function and the develop-
ment of coronary artery disease [16].

We hypothesized that the difference in EAT thickness
and the different relationships between EAT thickness and
LV function in men and women explain the higher prev-
alence of HFpEF in elderly women. Therefore, we evalu-
ated EAT thickness using echocardiography and analyzed
its relationships with cardiometabolic disease and cardiac
function. We also investigated the sex difference in EAT
thickness and its relationship to cardiac function.

Methods

Study population

Patients with normal sinus rhythm and LV ejection fraction
(EF) > 50% who underwent echocardiography for any
cause were consecutively enrolled. We excluded patients
who had a history of significant cardiac arrhythmia,
valvular heart disease, or coronary artery disease diag-
nosed by clinical symptoms, electrocardiogram, or con-
ventional echocardiography. Blood pressure (BP) was
measured according to the standard procedure with a
sphygmomanometer, and hypertension was defined as
systolic BP � 140 mmHg or diastolic � 90 mmHg, or use of
antihypertensive drugs. Diabetes mellitus was defined as
fasting glucose greater than 125 g/dL, HbA1c greater than
6.5%, or use of oral hypoglycemic agents or insulin. Dysli-
pidemia was defined as the total cholesterol level greater
than 220 mg/dL or use of any cholesterol lowering agent.
All patients provided informed consent, and study
approval was obtained from the Institutional Review Board
of Korea University College of Medicine.

Conventional echocardiography

All echocardiographic measurements were acquired
with a commercially available ultrasound system (Acu-
son SC 2000, Siemens Medical Solutions, USA, Inc.)
equipped with a 4V1c transducer. Chamber quantifica-
tion was performed directly from 2-dimensional

echocardiographic images, and LV mass index was
evaluated with linear measurements using the formula
recommended by the American Society of Echocardi-
ography [17]. Mitral inflow was obtained by pulsed-
wave Doppler echocardiography during early diastole
(E ). Early diastolic septal and lateral mitral annular
velocities (e0) were obtained from pulse wave velocity
measured by spectral tissue Doppler imaging. Systolic
mitral annular velocity (s0) was obtained at the septal
and lateral mitral annulus. Global longitudinal strain of
LV was also analyzed. LV diastolic function was assessed
following the updated recommendation of American
society of Echocardiography at 2015 [18]. Patients with
more than 2 positive parameters among average E/e0>
14, septal e0 velocity < 7 cm/s or lateral e0

velocity < 10 cm/s, left atrial volume index > 34 ml/m2,
and maximal velocity of tricuspid regurgitation > 2.8 m/
sec were regarded to have the possibility of abnormal LV
diastolic function.

Epicardial adipose tissue thickness measurements

Standard parasternal long-axis and short-axis images
were acquired from 2-dimensional echocardiography.
EAT was generally identified as the relatively echo-free
space between the outer wall of the myocardium and the
visceral layer of the pericardium. In the parasternal long-
axis view, the maximal thickness of EAT was measured
on the right ventricular free wall perpendicular to the
aortic annulus. In the mid ventricular parasternal short
axis view, maximum EAT thickness was measured on the
right ventricular free wall along the midline of the ul-
trasound beam perpendicular to the interventricular
septum at the mid-chordal or tip of the papillary muscle
level. Both values were measured at end systole in three
cardiac cycles and the six values were averaged [19].
Intraobserver variability and interobserver variability was
evaluated from randomly collected 30 samples of echo-
cardiographic images.

Statistical analysis

SPSS software (version 20.0) was used for statistical
analysis. All results are expressed as mean � standard
deviation. The differences in EAT thickness and echo-
cardiographic parameters between male and female pa-
tients, patients with and without cardiovascular disease,
and patients younger than 60 years and patients aged 60
years or older were tested by independent samples t-
tests, and the differences in the presence of cardiovas-
cular risk between patients were tested by chi-square
test. The correlation between EAT thickness and cardiac
function assessed by echocardiography was evaluated
with the correlation analysis, and the significance of
correlation between EAT thickness and cardiac function
was determined by multivariate linear regression anal-
ysis. P value < 0.05 was considered to be statistically
significant. The reproducibility of EAT thickness mea-
surements was evaluated using BlandeAltman plot.
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