
Abstract. – AIM: The aim of the present
study was to analyze the relationship between
epicardial adipose tissue thickness (EATT) and
echocardiographic parameters, such as carotid
intima-media thickness (cIMT), myocardial per-
formance index (MPI), left ventricular (LV) sys-
tolic and diastolic function, and LV mass index
in adolescents with obesity.

PATIENTS AND METHODS: One hundred and
thirty eight obese adolescents and 63 lean sub-
jects were enrolled in the study. The body mass
index standard deviation scores (BMI-SDS) be-
tween 1.65-2.49 and 2.50-2.99 were considered as
mild-moderate and severe obesity, respectively.
All of the subjects underwent transthoracic
echocardiographic examination for determination
of LV function, LV structure, LV mass index, and
MPI. Epicardial adipose tissue thickness and cIMT
were also measured during echocardiography.

RESULTS: The EATT measurements were in-
creased significantly in patients with severe obe-
sity compared to lean subjects (7.38±1.76 vs
4.28±0.79 mm, respectively; p = 0.001), but there
was no significant difference between the obesity
groups. The average LV mass index measure-
ments were higher in both mild-moderately and
severely obese patients in comparison with the
lean children (87.5±34.8, 88.5±23.0, and 62.4±18.2
g/m2, respectively; p < 0.01), but there was no sig-
nificant difference between the obesity groups.
EATT was positively correlated with BMI-SDS,
waist and hip circumference, blood pressure, fast-
ing glucose, insulin, HOMA-IR, hs-CRP (high-sen-
sitivity C-reactive protein), triglyceride levels,
cIMT, LV mass index, and MPI in the severe obesi-
ty group. EATT was the only independent predic-
tor of cIMT in the multivariate analysis (standard-
ized ββ coefficient = 0.70, p < 0.001). 
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CONCLUSIONS: The present study demon-
strates a close relationship between EATT and
cIMT, and LV functions and LV mass index in
obese adolescents. Assessments of EATT and
cIMT in particular during routine echocardio-
graphic examinations might be used as a feasi-
ble and reliable method for the evaluation of
obesity and its related cardiovascular risks dur-
ing childhood.
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Introduction

Childhood obesity is accompanied with an in-
creased cardiovascular disease (CVD) risk profile
in adulthood1. Hypertension, hypercholes-
terolemia, dyslipidemia, cardiomyopathy, and
coronary heart disease are known cardiovascular
complications of obesity, along with insulin re-
sistance, diabetes mellitus, and sleep apnea,
which often accompany obesity2,3. 
There is an association between obesity and

adaptive modifications in cardiac morphology
and function4-6. The presence of visceral obesity,
even in clinically non-obese patients, seems to
confer an increased risk of higher LV mass and
diastolic dysfunction7,8. Epicardial adipose tissue
(EAT) seems to be a marker of the overall con-
tent of visceral adipose tissue (VAT) in the body,
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psychiatric illnesses, or administration of med-
ications for any reason were excluded from the
study. Tanner staging was used for the evaluation
of puberty. Patients with testes sizes of ≥ 4 ml in
males, and ≥ stage II (Tanner stage) breast devel-
opment in females were considered pubertal. 
Adolescents receiving treatment for any rea-

son, syndromic adolescents, and patients having
either an endocrinological disease or familial
dyslipidemia were excluded from the study. Pa-
tients were also excluded if they had any sys-
temic diseases, including type 1 or type 2 dia-
betes mellitus, taking medications, or had condi-
tions known to effect insulin action, or insulin se-
cretion (e.g. glucocorticoid therapy, hypothy-
roidism, or Cushing’s disease). The study was
conducted in accordance with the Declaration of
Helsinki, and received approval from the Istanbul
Sisli Etfal Training and Research Hospital Ethics
Committee on July 19, 2011. Informed consent
forms were obtained from all of the patients or
their legal guardians. 

Anthropometric Variables
Height and weight were measured with an

empty bladder in postabsorptive conditions.
Height was measured to the nearest 0.5 cm on a
standard height board, and weight was deter-
mined to the nearest 0.1 kg on a standard physi-
cian’s beam scale with subjects dressed only in
light underwear without shoes. Body mass index
(BMI) was calculated using the weight
(kg)/height (m2) formula. To compare BMI
across different ages, in both the boys and girls,
the standard deviation score of BMI (BMI-SDS)
was determined. BMI-SDS was calculated with
the lambda-mu-sigma method. SDS represents
the number of standard deviation (SD) units
above or below the considered population mean
value based on standardized tables for children12.
The degree of obesity was determined using
BMI-SDS, and cases were divided into two
groups according to their SDS. BMI-SDS be-
tween 1.65-2.49 and 2.50-2.99 were considered
as mild-moderately and severely obese, respec-
tively13. Waist circumference (WC) was mea-
sured with a non-elastic measuring tape at the
end of expiration and in between the midpoint of
the last rib and superior iliac crest14. Blood pres-
sure was measured by a mercury sphygmo-
manometer with an appropriate sleeve for age
following a minimum of ten-minute rest. The Na-
tional High Blood Pressure Education Program
Working Group normal values for children were

and in addition, has anatomical proximity to the
heart. It is, thus, reasonable to expect EAT to be
associated with derangements in cardiac mor-
phology and function. 
Epicardial adipose tissue is deposited around

the heart, particularly around coronary vessels. It
can play roles in the pathogenesis of coronary
atherosclerosis, as a chronic inflammatory dis-
ease itself, and in the pathogenesis of cardiomy-
opathy11,24,32. Transthoracic echocardiography has
been validated as an easy and reliable method to
quantify the presence of VAT by measuring EAT,
which correlates very well with the presence of
general VAT9,10,19,20. The epicardial adipose tissue
thickness (EATT) has been suggested as a new
cardiometabolic risk factor. EATT has been relat-
ed to insulin resistance, hypertension, and dys-
lipidemia11 but, the relationship of EATT to car-
diac function and cardiovascular risk factors is
still not well-understood, and further research is
needed before it can be used as a tool for routine
clinical assessment. Moreover, the association
between EATT and certain surrogate markers of
atherosclerosis, such as cIMT (carotid intima-
media thickness), remains unclear. 
In the current study, we sought to examine the

relationship between the thickness of EAT with
cIMT and cardiac morphologic and physiologic
changes as seen on echocardiography. We also
investigated the association of EATT with con-
ventional metabolic and cardiovascular risk fac-
tors in obese adolescents.

Patients anad Methods

Study Design and Patients
A total of 138 pubertal obese adolescents aged

9-18 years (mean age, 13.3 ± 4.5 years for n=66
girls, and 13,7 ± 4.2 years for n=72 boys), and 63
healthy lean adolescents (mean age, 13.3 ± 4.3
years, range 9-18 years) were enrolled in the
study between September 2011 and November
2012, and evaluated according to sex and age.
During this period, cases admitted to the Pedi-
atric Endocrinology Department at Istanbul Sisli
Etfal Training and Research Hospital with the
complaint of obesity were recorded for the study.
The 63 healthy age- and sex-matched adolescents
selected as lean subjects were referred to the hos-
pital for cardiac murmurs detected by ausculta-
tion, however, these were later determined to be
innocent murmurs using clinical and laboratory
tests. Children with anemia, chronic conditions,
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tions of the American Society of Echocardiogra-
phy18. The LV mass and LV mass index were cal-
culated by using the method by Woythaler et al,
which is also a modification of the method of
Devereux and Reichek1. According to the calcu-
lation, LV mass is 1.04 ([left ventricular diameter
at end diastole + end-diastolic interventricular
septum thickness – left ventricular posterior wall
thickness at end-diastole]3 – [left ventricular di-
ameter at end diastole]3 – 13.6), and LV mass in-
dex is the LV mass/body surface area. 

Pulsed-wave Tissue Doppler Imaging
A pulsed Doppler and tissue Doppler were

used with a 3-MHz transducer. Early (E) and atri-
al (A) transmitral maximal flow velocities were
measured using a pulsed-wave Doppler. The ratio
of E/A was then calculated. Tissue Doppler sam-
ple volume was 2-5 mm, Nyquist limit was ad-
justed to a velocity rate of 15 to 20 cm/s, and
monitor velocity was adjusted to 100 mm/s. Gain
was minimized to allow for a clear tissue signal
with minimal background noise. Using the apical
four-chamber view, the sample volume was
placed at the mitral valve annuli at the LV free
wall. Early (E’) and late (A’) diastolic peak ve-
locities were measured. The ratio of early and
late diastolic annular velocities was calculated.
Cardiac time intervals (isovolumic contraction
time, isovolumic relaxation time, and systolic
ejection time) were measured. Tissue Doppler-
derived MPI was calculated with the following
forumula: (isovolumic contraction time + isov-
olemic relaxation time)/systolic ejection time. E’
wave acceleration and deceleration times were
also measured.

Epicardial Adipose Tissue 
Thickness Measurements
The thickness of the epicardial adipose tissue

was measured from the right ventricular free wall
in the parasternal long-axis view. The epicardial
adipose tissue was identified as an echo-free
space in the pericardial layers on two-dimension-
al echocardiography, and its thickness was mea-
sured perpendicularly on the free wall of the
right ventricle at end-diastole19,20.

Carotid Intima-Media 
Thickness Measurements 
Carotid intima-media thickness was measured

with a 7-MHz probe. In three groups, the cIMT
was measured from the common carotid artery at
a point 5 mm proximal to its bifurcation, as often
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used as references to evaluate blood pressure
measurements15. A blood pressure of ≥ 95th per-
centile for age, sex and height was considered as
hypertension.

Laboratory Assessment
Indices of all patients, including glucose, in-

sulin and lipid profiles (triglyceride [TG], total
cholesterol [T. CHO], high-density lipoprotein-
cholesterol [HDL-C], low-density lipoprotein-cho-
lesterol [LDL-C], and very-low-density lipopro-
tein-cholesterol [VLDL-C]), and high-sensitivity
C-reactive protein (hs-CRP) were measured in the
morning after overnight fasting. The glucose oxi-
dase method was used for the determination of
blood glucose levels. Insulin levels were measured
using a radioimmunoassay kit (Immunotech, Mar-
seille, France). Serum lipid profiles were mea-
sured using a modular analytical system
(Roche/Hitachi Diagnostics, Basel, Switzerland).
The serum hs-CRP level was determined using
particle-enhanced immunoturbidimetry method
(Good Biotech Corp, Taichung, Taiwan).

Insulin Sensitivity Measurement
Insulin resistance (IR) was analyzed using the

homeostasis model assessment of insulin resis-
tance (HOMA-IR) based on the following formu-
la: (fasting insulin mIU/L × fasting glucose
mmol/L)/22.5. A HOMA-IR value greater than
3.16 indicated IR in pubertal patients16,17.

Echocardiographic Evaluation
Transthoracic echocardiographic examinations

were performed by a single experienced pediatric
cardiologist. Echocardiographic measurements
were performed with a ViVid 7 Pro ultrasound
machine (GE Vingmed Ultrasound, Horten, Nor-
way). Electrocardiograms were obtained in all
patients. The patients were examined without se-
dation, lying in left lateral position. 3-MHz trans-
ducers were used in all echocardiographic tests.
All possible echocardiographic windows ob-
tained from different Doppler devices, such as
two-dimensional, colored, pulsed-wave, and con-
tinuous-wave Dopplers, were analyzed for the
subjects lying supine or in left lateral semirecum-
bent position. LV systolic functions and LV mass
index were assessed using M-mode and 2D,
whereas myocardial tissue rates and myocardial
performance indices (MPI) were examined using
tissue Doppler methods.
Conventional echocardiography measurements

were performed by following the recommenda-



Obese

Leans Mild-moderate Severe

N 63 95 43
Age (year) 13.3 ± 4.3 13.8 ± 3.9 13.1 ± 4.1
BMI (kg/m2) 20.1 ± 1.3 34.7 ± 8.3‡ 37.4 ± 4.1†,*
BMI-SDS 1.2 ± 0.2 2.3 ± 0.2 2.6 ± 0.2†,*
Waist circumference (cm) 67.0 ± 5.8 105.7 ± 8.7‡ 118.3 ± 12.2†,*
Fasting glucose (mg/dl) 84.5 ± 10.3 91.7 ± 8.3‡ 99.9 ± 9.2†,*
Fasting insulin (mIU/ml) 10.9 ± 2.5 16.8 ± 9.2‡ 26.9 ± 12.6†,*
HOMA-IR 2.2 ± 0.6 3.8 ± 2.8‡ 6.9 ± 3.8†,*
HDL-C (mg/dl) 48.2 ± 16.8 45.8 ± 11.5 35.6 ± 10.3†,*
LDL-C (mg/dl) 80.4 ± 29.2 110.9 ± 142.5‡ 131.8 ± 25.3†,*
Triglycerides (mg/dl) 144.5 ± 37.3 113 ± 52.0‡ 152 ± 59.9†,*
Total cholesterol (mg/dl) 164.1 ± 36.2 168.9 ± 35.7 195.4 ± 35.0†,*
High sensitivity CRP (mg/L) 1.7 ± 0.8 1.9 ± 1.1‡ 2.8 ± 1.0†,*
Systolic Blood Pressure (mm Hg) 105.2 ± 11.7 129.0 ± 14.3‡ 147.9 ± 23.3†,*
Diastolic Blood Pressure (mm Hg) 71.8 ± 7.0 84.0 ± 10.3‡ 96.9 ± 11.8†,*
Left ventricular mass index (g/m2) 62.4 ± 18.2 87.5 ± 34.8‡ 88.5 ± 23.0†

Carotid intima-media thicknesses (mm) 0.52 ± 0.08 0.88 ± 0.18‡ 0.91 ± 0.23†

Epicardial adipose tissue thicknesses (mm) 4.28 ± 0.79 7.42 ± 1.55‡ 7.38 ± 1.76†
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indicated to be of preference in the literature21.
The transducer was placed perpendicular to the
common carotid artery, and its long axis was ad-
justed parallel to the flow direction. Images ob-
tained from the anterior wall were magnified
threefold, and measurements were made with an
electronic caliper. The measurements from three
consecutive beats were averaged and recorded as
the cIMT22.

Statistical Analysis
Statistical analysis was carried out with a com-

mercially available statistical package (SPSS for
Windows Version 19.0; SPSS, Inc., Chicago, IL,
USA). Mean values were calculated for continu-
ous variables, and absolute and relative frequen-
cies were calculated for discrete variables. Uni-
variate comparisons of continuous data were car-
ried out with the use of unpaired Student’s t-test,
and discrete variables were compared with chi-
square test or Fisher’s exact test. The relationship
between the cIMT and other variables was as-
sessed using Pearson correlation analysis in pa-
tients with Metabolic Syndrome (MetS). Vari-
ables with a p value of ≤ 0.05 on correlation
analysis were entered in multivariate stepwise re-
gression analysis with backward elimination. All
comparisons were two sided, and p < 0.05 was
considered to be statistically significant.

Results

The characteristics of the study population
were shown in Table I. A total of 138 obese and
63 non-obese age- and sex-matched lean adoles-
cents were included in the current study. The
obese adolescents were divided into two groups
based on their BMI-SDS. The groups differed
significantly in terms of BMI (20.1 ± 1.3; 34.7 ±
8.3; 37.4 ± 4.1 kg/m2, respectively; p = 0.001).
The obesity groups and lean group did not differ
significantly with regards to heart rate (82 ± 5;
78 ± 5; 78 ± 7 beats/min, respectively; p > 0.05),
or average hemoglobin value (13.5 ± 1.04; 13.3 ±
1.04; 12.9 ± 1.1 g/dl, respectively; p >  0.05).
The average systolic and diastolic blood pres-

sure values differed significantly between the
obesity groups and lean group (p = 0.001). The
average LV mass index was greater in both of the
obesity groups than in the lean group (87.5 ±
34.8, 88.5 ± 23.0, and 62.4 ± 18.2 g/m2, respec-
tively; p = 0.001), however, there was no signifi-
cant difference among the obesity groups (p >
0.05). The average cIMT was 0.88 ± 0.18 and
0.91 ± 0.23 mm in the obesity groups, and 0.52 ±
0.08 mm in the lean group (p = 0.0001), yet
again, there was no significant difference among
the obesity groups (p = 0.88, p = 0.37, respec-
tively). The EATT averaged 7.42 ± 1.55 and 7.38
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Table I. Characteristics of lean, and mild-moderate and severely obese groups.

Values are mean ± SD. BMI: Body Mass Index; HOMA-IR: Homeostasis Model Assessment of Insulin Resistance; HDL-C:
High Density Lipoprotein Cholesterol; LDL-C: Low Density Lipoprotein Cholesterol. *p < 0.05 Mild-moderate obese vs. se-
vere obese; ‡p < 0.05 Leans vs. mild-moderate obese; †p < 0.05 Leans vs. severe obese.



Obese

Leans Mild-moderate Severe

N 63 95 43
Diastolic early wave peak velocity (cm/s) (E’) 17.8 ± 2.9 15.8 ± 2.1 16.9 ± 3.4†

Diastolic late wave peak velocity (cm/s) (A’) 6.5 ± 1.3 7.7 ± 1.5‡ 7.8 ± 1.7†

E’/A’ 2.8 ± 0.7 2.5 ± 0.6‡ 2.4 ± 0.5†

Isovolumic contraction time (ms) 66.0 ± 10.0 67.5 ± 10.2 72.9 ± 11.0†,*
Isovolumic relaxation time (ms) 49.1 ± 8.3 50.7 ± 8.3 54.7 ± 10.3†,*
Myocardial performance index 0.4 ± 0.1 0.4 ± 0.1 0.5 ± 0.1†,*
Ejection time (ms) 267.0 ± 28.4 278.9 ± 27.3 279.8 ± 26.8
Acceleration time (ms) 49.2 ± 8.7 51.5 ± 8.5 52.8 ± 8.9†

Deceleration time (ms) 74.3 ± 9.6 73.9 ± 10.8 65 ± 6†,*

± 1.76 mm in the both obesity groups, and 4.28 ±
0.79 mm in the lean group (p = 0.0001) (Table I). 
The mitral valve pulsed-wave Doppler analy-

ses showed a statistically significant difference
between the lean group and severe obesity
groups in terms of diastolic early wave peak ve-
locity (E’), diastolic late wave peak velocity (A’),
(E’/A’), isovolumic relaxation time, isovolumic
contraction values, average MPI, acceleration
time (AT), and average deceleration time (DT).

The average isovolumic contraction values, iso-
volumic relaxation time, average MPI, and aver-
age deceleration time were greater in severe obe-
sity group than in the mild-moderate obesity
group (p < 0 .05). The results of the tissue
Doppler imaging studies from the mitral annulus
for three groups were summarized in Table II.
EATT (p = 0.0002, r: 0.307) significantly cor-

related with cIMT (Figure 1). Table II shows the
correlation of EATT with other metabolic and
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Table II. Tissue Doppler echocardiography measurements in lean, and mild-moderate and severely obese groups.

Values are mean ± SD. *p < 0.05 Mild-moderate obese vs. severe obese; ‡p < 0.05 Leans vs. mild-moderate obese; †p < 0.05
Leans vs. severe obese.

Figure 1. Correlation between epicardial adipose tissue and carotid intima-media thickness in the obese group.
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cardiac variables. The multivariate backward
stepwise regression analysis demonstrated that
EATT was the only independent predictor of
cIMT (standardized β coefficient = 0.70, p <
0.001). Standardized β coefficient and p value
were 0.02 and 0.77 for waist circumference mea-
surements, respectively, and 0.03 and 0.82 for
BMI-SDS, 0.18 and 0.34 for fasting glucose lev-
els, 0.10 and 0.29 for insulin levels, 0.12 and
0.33 for HOMA-IR, 0.01 and 0.89 for systolic
blood pressure, 0.06 and 0.50 for diastolic blood
pressure, 0.04 and 0.80 for LVPWd, 0.03 and

0.78 for LVPWs, 0.18 and 0.33 for LV mass in-
dex, and 0.10 and 0.28 for MPI, respectively
(Table IV).

Discussion

It is well known that hepatic, epicardial, skele-
tal and myocardial muscle fat accumulation in-
creases cardiometabolic risk11. In the current
study, we demonstrated an asymptomatic cardiac
dysfunction and an increase in echocardiographic
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Obese
Mild-moderate Severe

r p r p

Body composition
BMI 0.234 0.037 0.447 0.003
BMI-SDS 0.494 < 0.0001 0.677 < 0.0001
Waist circumference 0.426 < 0.0001 0.545 < 0.0001
Metabolic factors
Fasting glucose 0.320 0.004 0.535 < 0.0001
Fasting insulin 0.413 < 0.0001 0.623 < 0.0001
HOMA-IR 0.416 < 0.0001 0.664 < 0.0001
HDL-Cholesterol -0.019 NS -0.023 NS
LDL-Cholesterol 0.104 NS 0.109 NS
Triglyceride 0.193 0.02 0.412 < 0.0001
Total Cholesterol 0.056 NS 0.079 NS
High sensitive CRP 0.053 NS 0.058 NS
Hemodynamic factors
Systolic Blood Pressure 0.118 NS 0.230 0.04
Diastolic Blood Pressure 0.392 0.001 0.379 0.001
Heart rate 0.089 NS 0.012 NS
Left ventricular thickness
IVSs 0.134 NS 0.114 NS
IVSd 0.196 NS 0.150 NS
LVPWs 0.399 < 0.0001 0.499 < 0.0001
LWPWd 0.521 < 0.0001 0.699 < 0.0001
LVPWt 0.159 NS 0.147 NS
LV mass index 0.484 < 0.0001 0.659 < 0.0001
Left ventricular systolic function
Ejection fraction 0.023 NS 0.217 0.031
Fractional shortening 0.015 NS 0.029 NS
Left ventricular diastolic function
Diastolic early wave peak velocity (E’) 0.022 NS 0.043 NS
Diastolic late wave peak velocity (A’) 0.017 NS 0.013 NS
E’/A’ 0.023 NS 0.026 NS
Acceleration time 0.149 NS 0.235 0.045
Deceleration time 0.078 NS 0.064 NS
Left ventricular systolic and
diastolic function
Myocardial performance index 0.034 NS 0.278 0.042

Table III. Tissue Doppler echocardiography measurements in lean, and mild-moderate and severely obese groups.

BMI = Body Mass Index; HOMA-IR = Homeostasis Model Assessment of Insulin Resistance; HDL-C = High Density
Lipoprotein Cholesterol; LDL-C = Low Density Lipoprotein Cholesterol; LV = Left ventricular; IVSs = Interventricular sep-
tum systolic thickness; IVSd = Interventricular septum diastolic thickness; LVPWs = Left ventricular posterior wall systolic
thickness; LVPWd = Left ventricular posterior wall diastolic thickness; LVPWt = Left ventricular posterior wall thickness



EATT and cIMT measurements in obese adoles-
cents. In addition, significant relationships were
found between EATT measurements and BMI,
WC, fasting insulin, HOMA-IR, triglycerides,
hypertension, LV thickness, LV mass index, MPI,
and cIMT, especially in severely obese cases.
Obesity is an important risk factor for athero-

sclerotic CVD. It seems to be a predisposing fac-
tor for the accumulation of excessive epicardial
fat23. The detection of VAT, fat deposited around
the internal organs, might be important for risk
stratification of CVD in obese cases24,25. Except
for one recent work26, EATT has not been studied
in obese children, and there have been no reports
of the correlation between EATT and other
echocardiographic findings. Obese children had
significantly thicker EAT compared to lean sub-
jects in the current study. We found that EATT
was correlated with WC and BMI in obese ado-
lescents. Therefore, the echocardiographic mea-
surement of EATT may be a marker for increased
truncal fat or intra-abdominal fat and we suggest-
ed that the finding that WC was the strongest de-
terminant of EATT was highly important. Abaci
et al27 found that EATT in obese children was
correlated with BMI, but not with insulin resis-
tance. Conversely, our study showed that EATT
was significantly correlated with insulin resis-
tance. 

cIMT measurement is a widely used method in
the early diagnosis of atherosclerosis28. Recently,
a significant relationship between EATT and the
presence of coronary atherosclerosis has been
observed29. EATT emerged as an independent
predictor of CVD among other well-known risk
factors30. In the present study, cIMT was signifi-
cantly increased in the obese group compared
with the lean group. In addition, a statistically
significant correlation was found between EATT
and cIMT measurements. These findings sug-
gested that EATT in obese patients could be a
more reliable indicator of subclinical atheroscle-
rosis than the other parameters. 
It has been shown that left ventricular hyper-

trophy occurs in obesity, and that this hypertro-
phy was associated with an increased risk of
CVD, mortality, and morbidity31,32. Obesity is as-
sociated with increased LV mass, and in recent
years, there have been reports on the effects of
obesity on echocardiographic findings in chil-
dren. Ippisch et al33 demonstrated that elevated
LV mass, LV hypertrophy, altered diastolic func-
tion, and cardiac workload improved significant-
ly following surgically induced weight loss in
morbidly obese adolescents. The Authors sug-
gested that weight loss interventions during ado-
lescence were more likely to change cardiac pa-
rameters than similar interventions in adults who
had been exposed to long-term effects of obesity.
In the present study, we found increased LV mass
index and LV thickness in obese adolescents,
which was in line with the findings of earlier
studies34,35. 
Left ventricular systolic function is usually

evaluated by measurements of EF and FS. Stud-
ies have repeatedly shown that these values were
rather increased in the early stages of obesity7,36.
In our work, as well, obese children presented an
increased EF compared to nonobese children.
Few reports have specifically investigated the

impact of obesity on diastolic function in chil-
dren7,9,34-36. In recent years, tissue Doppler
echocardiography (TDE) has been used to define
regional myocardial dysfunction more accurate-
ly; the data obtained by this technique can show
early signs of future diastolic dysfunction37. In
the present paper, diastolic functions of the pa-
tients with obesity were not normal; in fact, they
were significantly different from those of the
lean children. 
MPI combining systolic and diastolic time in-

tervals has been previously proposed. This para-
meter may be more effective in the detection of
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Beta-regression 
coefficient p value

BMI-SDS 0.03 0.82
WC 0.02 0.77
FG 0.18 0.34
Insulin 0.10 0.29
HOMA-IR 0.12 0.33
Triglyceride 0.16 0.23
SBP 0.01 0.89
DBP 0.06 0.50
LVPWd 0.04 0.80
LVPWs 0.03 0.78
LV mass index 0.18 0.33
MPI 0.10 0.28
cIMT 0.70 < 0.001

Table IV. Independent predictors for EATT by multivariate
backward stepwise regression analysis.

BMI = Body mass insex; WC = waist circumference; FG =
fasting glucose; HOMA-IR = homeostatic model assess-
ment of insulin resistance; SBP = systolic blood pressure;
DBP = diastolic blood pressure; LVPWs = Left ventricular
posterior wall systolic thickness; LVPWd = Left ventricular
posterior wall diastolic thickness; MPI = myocardial perfor-
mance index; cIMT = carotid intima-media thickness; EATT
= epicardial adipose tissue thickness.
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global cardiac dysfunction than in systolic and
diastolic assessment30. There are only a few car-
diac researches on obese children. In two of
these, the Authors found that obese children had
abnormally high MPIs, indicating possible LV
dysfunction39,40. In the current study, the average
MPI was greater in the severely obese group than
in the control group and mild-moderate obesity
group. These findings might be important in
showing “the greater degree of obesity, the
greater deterioration of systolic and diastolic
functions of the heart”.

Conclusions

We have demonstrated a close relationship be-
tween EATT and obesity in children. Assessment
of EATT in routine echocardiographic examina-
tions might be a feasible and reliable method for
the evaluation of obesity and its related cardiovas-
cular risks during childhood. Moreover, we have
observed that LV hypertrophy, as evidenced by in-
creased LV mass index, and septal and posterior
wall thicknesses, was present in obese children.
These changes in cardiological assessment should
be considered in obese children, but in particular,
diastolic functions in these children must be inter-
preted carefully. Calculated by Doppler and tissue
Doppler imaging of MPI, severely obese adoles-
cents may be an important parameter for early de-
tection of cardiac dysfunction.
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