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ABSTRACT

Object�ve: Epicardial adipose tissue (EAT) represents a proportion of visceral fat distributed around the heart. Measurement of EAT thickness is impor‐
tant for the diagnosis of visceral obesity. Skinfold thickness has been used in both clinical and research settings for visceral obesity diagnosis. The aim
of this study is to evaluate the correlation between skinfold and EAT thickness in healthy professional male soccer players.
Mater�al and Methods: A prospective, cross-sectional study was conducted with twenty professional male soccer players (mean age, 22.50+2.80 ye‐
ars). Anthropometric data was collected for all patients and skinfold measurements were obtained with a caliper. EAT thickness was assessed in pa‐
rasternal long axis view by transthoracic echocardiography.

Results: Mean body mass index and waist circumference were 22.81±2.1 kg/m2 and 78.80±6.59 cm, mean EAT thickness and body fat ratio were
3.45±0.94 mm and 10.89±4.04%, respectively. EAT thickness was significantly correlated with body fat percentage (r=0.518, p=0.019). EAT thick‐
ness was also significantly correlated with age, body mass index, body surface area and waist circumference. EAT thickness did not showed any cor‐
relation with systolic and diastolic blood pressure.
Conclus�on: This study has shown that there was a relationship between body fat ratio and EAT thickness in male soccer players who are considered
to be healthy and physically fit.
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ÖZ

Amaç: Epikardiyal yağ dokusu (EYD), kalbin etrafındaki viseral yağ oranı olarak tanımlanır. Deri kıvrım kalınlığı ve EYD klinikte viseral obezite tanısı için,
araştırmalarda fiziksel performans belirlemede klinikte ve kullanılmaktadır. Bu çalışmanın amacı sağlıklı profesyonel erkek futbolcularda deri altı yağ kıv‐
rım kalınlığı ölçümüyle elde edilen vücut yağ yüzdesi (VYY) ile EYD kalınlığı arasındaki ilişkiyi değerlendirmektir.
Gereç ve Yöntem: Bu çalışma 20 profesyonel erkek futbolcu ile (ortalama yaş; 22.50±2.80 yıl) prospektif, kesitsel bir çalışma olarak yapılmıştır. Tüm
hastaların antropometrik verileri elde edildikten sonra, deri altı yağ kıvrım kalınlığı deri kıvrımı ölçüm cihazı ile ölçülmüştür, EYD kalınlığı ise parasternal
uzun eksen görünümü ile transtorasik ekokardiyografi aracılığıyla değerlendirilmiştir.

Bulgular: Ortalama beden kütle indeksi (BKİ) ile bel çevresi sırasıyla 22.81±2.1 kg/m2 ve 78.80±6.59 cm, EYD kalınlığı ile VYY ise 3.45±0.94 mm ve
%10.89±4.04 olarak saptanmıştır. EYD kalınlığı, VYY ile istatistiksel olarak anlamlı pozitif korelasyon (r=0.518, p=0.019) göstermiştir. Ayrıca EYD kalınlı‐
ğı ile bel çevresi, yaş, beden kütle indeksi (BKİ), vücut yüzey alanı da (VYA) istatistiksel olarak anlamlı pozitif korelasyon göstermiştir. EYD kalınlığı ile sis‐
tolik ve diyastolik kan basınçları arasında korelasyon saptanmamıştır.
Sonuç: Yapılan bu çalışma ile sağlıklı ve fiziksel uygunluğu olduğu düşünülen erkek futbolcularda da vücut yağ oranları ile EYD kalınlığı arasında ilişki
olduğu gösterilmiştir.
Anahtar Sözcükler: Epikardiyal yağ dokusu, deri kıvrım kalınlığı, erkek futbolcular

INTRODUCTION

Although cons�dered mostly as a storage organ, ad�pose t�s-
sue �s now recogn�zed for �t's endocr�ne and metabol�c
funct�ons (1). It �s d�v�ded �nto two groups accord�ng to
morphology, phys�ology and embryolog�cal development:

Wh�te ad�pose t�ssue (WAT) and Brown ad�pose t�ssue (BAT)
(2). WAT �s subclass�f�ed accord�ng to �ts locat�on as subcu-
taneous and v�sceral t�ssue, whereas subcutaneous fat t�s-
sue �s located ma�nly �n hypoderm�s (3).
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Ep�card�al ad�pose t�ssue (EAT) �s part of v�sceral ad�pose
t�ssue and �t has endocr�ne, �n�ammatory, paracr�ne and
vasocr�ne act�v�ty. Therefore, measurement of EAT th�ck-
ness �s �mportant for the d�agnos�s of v�sceral obes�ty (4).
EAT th�ckness measurement by transthorac�c echocard�-
ogrphy was f�rstly descr�bed by Iacobell�s et al. (5). Echo-
card�ograph�c measurement of EAT th�ckness �s eas�ly ac-
cess�ble w�th no rad�at�on exposure and �s repeatable. Ho-
wever, th�s modal�ty �s t�me consum�ng, expens�ve and ope-
rator depended (6).

Anthropometr�c measurements have been extens�vely eva-
luated as surrogate markers for WAT (7,8). Wa�st c�rcumfe-
rence �s w�dely accepted as a pred�ctor of v�sceral fat (9).
Sk�nfold th�ckness, measured by cal�pers at standard�zed
sk�n p�nch po�nts, has been used �n both cl�n�cal and rese-
arch sett�ngs for v�sceral obes�ty d�agnos�s as well (10,11).

To our knowledge, there �s no study wh�ch exam�ned the
relat�on between sk�nfold th�ckness and EAT th�ckness me-
asured by transthorac�c echocard�ography. The a�m of th�s
study �s to evaluate any potent�al correlat�on between these
two measurements �n profess�onal male soccer players.

METHODS

Study population

The present research was approved by local research eth�cs
comm�ttee. Twenty male soccer players (mean age,
22.50+2.80 years) part�c�pated �n th�s study. Part�c�pants
were enrolled a�er the�r �nformed consents were obta�ned.

Skinfold thickness measurement

Standard Harpenden sk�nfold cal�per (Br�t�sh Ind�cators
Ltd, UK) was used �n th�s study. The tester grasped a fold of
sk�n f�rmly between the thumb and �ndex f�nger of h�s le�
hand and l��ed �t away from the body. The fold was rolled
to ensure that subcutaneous t�ssue was be�ng measured,
then jaws of the cal�per pos�t�oned over the sk�nfold just 1
cm under h�s f�ngers.

The read�ngs were obta�ned 1-2 seconds a�er releas�ng the
gr�ps. The fourth measurements were recorded as f�nal. All
measurements were taken from the r�ght s�de of the body,
wh�le the subjects were stand�ng upr�ght �n a relaxed postu-
re. The sk�nfold th�cknesses of follow�ng s�tes were measu-
red; abdomen, b�ceps, tr�ceps, supra�l�ac and subscapular
s�tes. Sum of these f�ve measurements were used �n stat�st�-
cal analys�s of the data.

Waist cirfumference measurement

Wa�st c�rcumference was measured �n the hor�zontal plane
m�dway between lowest r�b and the �l�ac crest.

Body fat ratio calculation

The Durn�n-Womersley formula for soccer players was app-
l�ed to calculate total body fat �n all subjects.

Echocardiographic examination

Each subject underwent transthorac�c echocard�ography.
Echocard�ograph�c exam�nat�ons were performed us�ng the
�E33 card�ac ultrasound system (Ph�ll�ps, Best, The Nether-
lands) w�th 2.5-5 MHz probes. Evaluat�on was performed
us�ng the cr�ter�a of the Amer�can Soc�ety of Echocard�og-
raphy and le� ventr�cular eject�on fract�on (LVEF) was cal-
culated by mod�f�ed S�mpson method. S�multaneous elect-
rocard�ograph�es (ECG) were recorded for all pat�ents du-
r�ng the exam�nat�ons. Doppler and t�ssue doppler measu-
rements were performed to calculate var�ous parameters of
LV systol�c and d�astol�c funct�ons. The echocard�ograph�c
study requ�red record�ng 10 cycles of two-d�mens�onal pa-
rasternal long ax�s v�ews. Ep�card�al fat th�ckness was me-
asured on the free wall of the r�ght ventr�cle from long ax�s
v�ew. In these v�ews EAT was v�sual�zed as an echo-free
space.

Statistical Analysis

All results were analyzed by us�ng Stat�st�cal Package for
Soc�al Sc�ences (SPSS) for W�ndows (vers�on 18.0; SPSS
Inc., Ch�cago, IL, USA). Cont�nuous data was reported as
mean and standard dev�at�on. Categor�cal var�ables were
summar�zed as percentages and compared w�th the Ch�-
square test. Spearman's correlat�on analys�s was performed
on echocard�ograph�c, anthropometr�c and cl�n�cal var�ab-
les to �dent�fy correlates of EAT. A two ta�led p value <0.05
was cons�dered s�gn�f�cant.

RESULTS

Basel�ne character�st�cs of subjects part�c�pated �n th�s
study �s summar�zed �n Table 1. Descr�pt�ve analyses regar-
d�ng muscle and sk�n fold th�ckness of all subjects have
been shown �n Table 2 and 3. Mean body mass �ndex and
wa�st c�rcumference (WC) were 22.81±2.10 kg/m2 and
78.80±6.59 cm, respect�vely. Mean EAT th�ckness and body
fat rat�o 3.45±0.94 mm and 10.89±4.04 % respect�vely. EAT
th�ckness correlated well w�th body fat percentage (r =
0.518, p=0.019). EAT th�ckness was also s�gn�f�cantly corre-
lated w�th age, body mass �ndex, body surface area and wa-
�st c�rcumference. EAT th�ckness d�d not showed any corre-
lat�on w�th systol�c and d�astol�c blood pressure.

Table 1. Baseline characteristics and demographics

Age (years) 22.50±2.80
Height (m) 1.70±10.3
Weight (kg) 70.95±8.59
Body mass index (kg/m2) 22.81±2.10
Body Fat Ratio (%) 10.89±4.04
Waist circumference (cm) 78.80±6.59
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Table 2. Two dimensional tissue Doppler echocardiographic
parameters

Epicardial adipose tissue (mm) 3.45±0.94
Left atrium diameter (mm) 30.80±4.48
LVSED (mm) 32.60±7.74
LVEDD (mm) 42.65±9.13
Septum thickness (mm) 7.95±1.67
Posterior wall thickness (mm) 8.20±1.93
Right ventricle (mm) 27.95±2.43
LVEF 65.00±2.38
RVEF 62.25±3.34
E (m/sn) 0.84±0.18
A (m/sn) 0.67±0.14
LVESD: left ventricular end-systolic diameter; LVEDD: left ventricular end-dias-
tolic diameter; LVEF: left ventricular ejection fraction; RVEF: right ventricular
ejection fraction; E: Early diastolic transmitral ; A: Late diastolic transmitral

Table 3. Correlation analysis

Parameters r p-value
Body fat ratio 0.758 <0.001
Age 0.522 0.018
Body mass index 0.662 0.001
Body surface area 0.469 0.037
Waist circumference 0.458 0.042

DISCUSSION

The present study demonstrated a s�gn�f�cant correlat�on between
sk�nfold th�ckness and EAT th�ckness �n healthy profess�onal soc-
cer players. There �s l�m�ted data ava�lable on the correlat�on of
anthropometr�c parameters w�th EAT th�ckness �n the l�terature.
To the best of our knowledge, th�s study �s the f�rst to �nvest�gate
the correlat�on between sk�nfold th�ckness and EAT th�ckness �n
healthy people.

EAT �s a metabol�cally act�ve t�ssue that �s used as a marker of v�s-
ceral obes�ty. Also EAT th�ckness has been assoc�ated w�th obes�ty
and card�ovascular r�sk parameters �n adults and adolescents.
K�m et al. demonstrated that EAT th�ckness was s�gn�f�cantly �nc-
reased �n the obese group. In obese subjects, un�var�ate analys�s
revealed that EAT th�ckness was s�gn�f�cantly correlated w�th BMI,
WC, fat mass, body fat rat�o, v�sceral fat t�ssue, subcutaneous fat
t�ssue, preper�toneal fat t�ssue. W�th mult�var�ate l�near regress�on
analys�s, EAT th�ckness was found to pos�t�vely correlate w�th
body fat rat�o (12). Two Ital�an stud�es by Iacobell�s and V�cennat�
showed strong correlat�on between ep�card�al fat and WC and BMI
s�m�lar to the study by K�m et al. (5,13).

In our study, we a�med to check the val�d�ty of these results �n he-
althy soccer players, hypothes�z�ng an assoc�at�on between sk�n-
fold th�ckness and EAT th�ckness. S�m�lar to the f�nd�ngs by K�m et
al., our study demonstrated a pos�t�ve correlat�on between EAT
th�ckness and body fat rat�o (12).

A recent study by Shetty et al. analyzed 350 healthy �nd�v�duals
and found a strong correlat�on between EAT measured by echo-
card�ography and anthropometr�c parameters (7). However, they
only analyzed wa�st c�rcumference, we�ght and BMI.

Soccer performance �s complex, mult�-factor�al, and depends on a
number of d��erent var�ables, such as anthropometr�c prof�le,
phys�cal f�tness, psycholog�cal factors, player techn�que, and team
tact�cs, among others (14). W�th�n t�me, soccer has become a more
dynam�c game, wh�ch could be attr�buted to �mprovements �n the
speed, strength and ag�l�ty of players (15). For soccer players,
anthropometr�c and phys�olog�cal factors must be h�ghly develo-

ped to reach a profess�onal performance level. Therefore, �n order
to be successful, soccer players need the best comb�nat�on of body
compos�t�on (16). However, body compos�t�on, espec�ally body fat
or v�sceral obes�ty, are shown as �mportant elements wh�ch a�ect
health and performance for soccer players. Body compos�t�on �s
an �mportant f�tness parameter for soccer as excess ad�pose t�ssue
acts as dead we�ght �n act�v�t�es where the body mass must be l�f-
ted repeatedly aga�nst grav�ty (17).

The major l�m�tat�ons of our study are �ts cross-sect�onal and desc-
r�pt�ve des�gn, lack of follow-up of the players and lack of control
group. Other l�m�tat�ons of th�s study are of not �nclud�ng female
athletes and athletes from other sports. The sample s�ze �s relat�-
vely small, as well.

Figure 1.  Measurement of epicardial adipose tissue thickness

Figure 2.  Correlation between epicardial adipose tissue thickness
and body fat ratio

CONCLUSION

There �s a strong correlat�on between sk�nfold th�ckness and EAT
th�ckness �n healthy profess�onal male soccer players. EAT th�ck-
ness can be measured eas�ly by transthorac�c echocard�ography.
Methods for measur�ng EAT th�ckness and sk�nfold th�ckness are
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non-�nvas�ve and rel�able. Furthermore, sk�nfold th�ckness can be
per�od�cally measured to pred�ct the changes �n EAT th�ckness.
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