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 Introduction 

 Epicardial adipose tissue (EAT) is a visceral fat depot 
in the heart. In the normal adult, it is concentrated in the 
atrioventricular and interventricular grooves and along 
the major branches of the coronary arteries, and, to a less-
er extent, around the atria, over the free wall of the right 
ventricle and over the apex of the left ventricle  [1] . Evi-
dence is accumulating that EAT can directly regulate va-
somotor function by diffusion of its bioactive molecules 
into the nearby intima-media layer of the vessel wall  [2, 
3] . It has been shown that coronary atherosclerosis can be 
directly influenced by localized perivascular EAT  [4] . 
Taking into account the putative proatherogenic prop-
erty of EAT, several clinical studies have revealed that 
there is a correlation between the amount of EAT and 
coronary atherosclerosis  [5–7] .

  Subclinical hypothyroidism (SH) is defined as elevat-
ed serum thyroid-stimulating hormone (TSH) with nor-
mal free T 4  and free T 3  levels. Several studies demonstrat-
ed that the risk of coronary heart disease (CHD) events is 
increased in SH  [8, 9] . Moreover, higher TSH levels even 
in the normal range are associated with an increased 
mass of visceral adipose tissue, which is an independent 
risk factor for the development of CHD  [10, 11] . Echocar-
diographic epicardial fat strongly reflects the intra-ab-
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 Abstract 

  Objective:  To investigate whether or not patients with sub-
clinical hypothyroidism (SH) have increased epicardial adi-
pose tissue (EAT).  Subjects and Methods:  Sixty-one patients 
with newly diagnosed SH and without any known cardiovas-
cular disease were enrolled. Twenty-four subjects matched 
for age, gender and body mass index without any thyroid 
dysfunctions were included as a control group. The EAT was 
measured by echocardiography and thyroid functions were 
assessed by routine blood examination.  Results:  Patients 
with SH had higher EAT values than control subjects (3.6  8  
0.9 vs. 2.8  8  1.4, p = 0.005). Also, SH patients with thyroid-
stimulating hormone (TSH)  6 10 mU/l had higher EAT than 
those with SH with TSH  ! 10 mU/l and control subjects (p = 
0.013). In addition, while there was significant correlation be-
tween EAT and TSH (r = 0.31, p = 0.014) in patients with SH, 
there was no significant relation between EAT and TSH in 
normal subjects (r = 0.09, p = 0.64).  Conclusions:  There was 
a higher level of EAT in patients with SH compared with nor-
mal subjects and a significant correlation between EAT and 
TSH was found.  Copyright © 2012 S. Karger AG, Basel 
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dominal accumulation of visceral fat and is an indepen-
dent predictor of visceral adiposity  [12] . Thus, we hypoth-
esized that EAT might be increased in patients with SH 
and could, at least to some extent, contribute to the det-
rimental effect of SH in the development of cardiovascu-
lar disease. Therefore, the main purpose of this study was 
to test this hypothesis.

  Subjects and Methods 

 Study Populations 
 Sixty-one consecutive patients admitted to the outpatient En-

docrinology Clinic, Trabzon Numune Training and Research 
Hospital and considered to have SH were enrolled in this study. 
None of them had any known or suspected cardiovascular disease 
based on the clinical history or laboratory evaluations such as 
electrocardiography or echocardiography or had taken any thy-
roid medications. Twenty-four age- and gender-matched subjects 
with no thyroid dysfunctions were enrolled from those admitted 
to the same clinic. The Ethics Committee of Trabzon Numune 
Training and Research Hospital approved the study.

  Assessment of Thyroid Function 
 Serum TSH and free T 4  were measured in all subjects. In-

formed consent was obtained from all subjects that were enrolled. 

  Measurement of EAT 
 Each subject underwent detailed transthoracic two-dimen-

sional, M-mode, Doppler, and tissue Doppler echocardiography 
using standardized techniques ( fig. 1 ). Echocardiogram was per-
formed by an experienced physician (A.R.A.), who was blinded to 
the subjects’ clinical and demographic data. Each subject un-
derwent transthoracic two-dimensional guided M-mode echo-
cardiography using commercially available equipment (Esaote 
Mylab50). Standard parasternal and apical views were obtained in 
the left lateral decubitus position. Epicardial fat was identified as 
echocardiographic free space between the outer wall of the myo-
cardium and the visceral layer of the pericardium. Epicardial fat 
thickness was measured perpendicularly on the free wall of the 
right ventricle at end diastole in 3 cardiac cycles. Parasternal long- 
and short-axis views allowed the most accurate measurement of 
EAT in the right ventricle, with optimal cursor beam orientation 
in each view. Maximum epicardial fat thickness was measured at 
the point on the free wall of the right ventricle along the midline 
of the ultrasound beam, perpendicular to the aortic annulus, and 
used as an anatomic landmark for this view. For midventricular 
parasternal short-axis assessment, maximum epicardial fat thick-
ness was measured on the right ventricular free wall along the 
midline of the ultrasound beam, perpendicular to the ventricular 
septum at the midchorda and tip of the papillary muscle level, as 
an anatomic landmark. The average value of 3 cardiac cycles from 
each echocardiographic view was considered.
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  Fig. 1.  Measurement of epicardial fat by echocardiography.   
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  Statistical Analysis 
 Continuous variables were expressed as mean  8  standard de-

viation and categorical variables were expressed as a percentage. 
Analysis of the normality of the continuous variables was per-
formed with the Kolmogorov-Smirnov test. Mann-Whitney U,  �  2  
and independent samples t test were performed when comparing 
clinical and laboratory characteristics of patients and control sub-
jects. The Spearman correlation analysis was used for assessing 
the correlation between TSH and EAT. In order to assess the rela-
tion between SH severity and EAT, one-way ANOVA with post 
hoc Tukey was performed. Statistical analysis was performed by 
using SPSS 14.0 and a p  ̂   0.05 (two-tailed) was considered sig-
nificant.

  Results 

 Clinical and laboratory characteristics of the study 
population are shown in  table 1 . Mean age was 43  8  15 
and most of the subjects were female. Sixty-one patients 
were diagnosed with SH. There were no significant dif-
ferences regarding clinical and laboratory characteristics 
between patients and control groups except TSH (p = 
0.001) and epicardial fat thickness (p = 0.005,  table 1 ). In 
our laboratory, the normal range for free T 4  and TSH was 
0.7–1.48 ng/day and 0.35–4.94 mU/l, respectively. Pa-

tients with SH had higher EAT compared with control 
subjects (3.6  8  0.9 vs. 2.8  8  1.4, p = 0.005,  table 2 ). The 
demographics and laboratory characteristics of patients 
with high and moderately increased TSH values are pre-
sented in  table 2 . SH patients with TSH  6 10 mU/l (n = 
19) had higher EAT than those with TSH  ! 10 mU/l (n = 
42) and control subjects (4.1  8  0.8 vs. 3.5  8  0.9 and 3.0 
 8  1.3, respectively, p = 0.013). In addition, there was a 
significant positive correlation between EAT and TSH in 
SH patients (r = 0.31, p = 0.014) but not in control subjects 
(r = 0.09, p = 0.64).

  Discussion 

 We demonstrated higher levels of EAT in patients with 
SH than in controls. This may help explain the patho-
logical mechanisms of thyroid dysfunctions related to 
cardiovascular disease.

  Atherosclerosis and myocardial infarction were more 
common in patients with SH  [13] . Also, SH was associated 
with increased CHD prevalence and all-cause mortality 
independent of CHD risk factors  [14] . Even though studies 
have revealed an association between SH and CHD and 

Table 1.  Clinical and laboratory characteristics of the study popu-
lation (n = 85)

Control
(n = 24)

Patient
(n = 61) 

p value

Age, years 43817 44814 0.93
Male/female 5/19 7/54 0.07
Hypertension 5 (20) 9 (15) 0.4
Diabetes 1 (0.04) 4 (0.06) 0.23
Dyslipidemia 1 (0.04) 2 (0.03) 0.66
Smoking 2 (0.08) 4 (0.07) 0.25
Total cholesterol, mg/dl 186832 191844 0.65
LDL, mg/dl 120828 130831 0.28
HDL, mg/dl 51811 49810 0.66
Triglyceride, mg/dl 115846 147868 0.1
BMI, kg/m2 33.186.2 33.286.3 0.9
Epicardial fat, mm 2.881.4 3.680.9 0.005
TSH, mU/l 1.580.9 9.385.6 <0.001
T4, ng/dl 1.280.2 1.180.3 0.39
T3, pmol/l 2.980.7 2.780.4 0.29

Values are expressed as means 8 SD or numbers with percent-
ages in parentheses.

B MI = Body mass index; LDL = low-density lipoprotein cho-
lesterol; HDL = high-density lipoprotein cholesterol.

Table 2.  Clinical and laboratory characteristics of patients with 
SH (n = 61)

TSH <10
(n = 42)

TSH ≥10
(n = 19)

p value

Age, years 43813 46815 0.4
Male/female 5/37 2/17 0.17
BMI, kg/m2 32.886.2 33.686.3 0.08
Hypertension 6 (14) 3 (15) 0.4
Diabetes 2 (0.04) 2 (0.1) 0.32
Dyslipidemia 1 (0.02) 1 (0.05) 0.21
Smoking 2 (0.04) 1 (0.05) 0.84
Triglyceride, mg/dl 140866 169873 0.07
LDL, mg/dl 123829 135831 0.42
HDL, mg/dl 50811 4586 0.13
Total cholesterol, mg/dl 190833 216857 0.65
Epicardial fat, mm 3.580.9 4.180.8 0.06
TSH, mU/l 6.781.4 16.285.2 <0.001
T4, ng/dl 1.1680.28 1.0180.15 0.033
T3, pmol/l 2.980.35 2.480.41 0.024

Values are expressed as means 8 SD or numbers with percent-
ages in parentheses.

B MI = Body mass index; LDL = low-density lipoprotein cho-
lesterol; HDL = high-density lipoprotein cholesterol.
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its related complications, the underlying pathological 
mechanisms are not well understood. SH is associated 
with hypertension, hypertriglyceridemia, and elevated to-
tal cholesterol/HDL cholesterol ratio  [15] . The underlying 
mechanisms may include effects of thyroid on endo-
thelial function, relaxation of smooth muscle cells  [16] , 
hypercoagulability  [15] , blood rheology  [17] , and inhibi-
tion of collagen-induced platelet aggregation  [18] . Fur-
thermore, there is a relation between visceral adipose tis-
sue and TSH level and the presence of TSH receptors on 
adipocytes during differentiation and fully differentiated 
adipocytes have been demonstrated as well  [19] . There-
fore, it could be argued that elevated TSH levels may lead 
to increased visceral adipose tissue mass and function and 
subsequently to an increased cardiovascular risk.

  Epicardial adipose volume positively relates to coro-
nary atherosclerotic burden  [20]  and epicardial fat area 
measurements in a single area reflect total epicardial fat 
volume  [21] . Also, not baseline but an increase in EAT is 
associated with greater progression of coronary artery 
calcification which is a surrogate marker of atherosclero-
sis  [22] . EAT may be linked with the development of cor-
onary atherosclerosis through several paracrine mecha-
nisms, such as the local release of inflammatory media-
tors that trigger the atherosclerotic process, and other 
systemic effects  [1, 23, 24] . Epicardial fat might contribute 
to atherosclerosis not only through the secretion of bioac-
tive molecules but also by specific mechanical effects. 
Due to its intrinsic compressibility, epicardial fat has 
therefore been suggested to play a permissive role in ves-
sel expansion that leads to an asymmetric expansion of 
the vessel wall being defined as positive vessel remodel-
ing  [25] .

  An exclusive role of epicardial fat in the development 
of atherosclerosis has also been hypothesized. Pericardial 
adipose tissue is part of EAT that directly surrounds the 
coronary arteries and has been suggested to contribute to 
the development of CHD  [26] . Studies suggested that
adipocytokines produced by pericardial adipose tissue 
might amplify vascular inflammation through paracrine 
effects, leading to local atherogenesis, plaque instability, 
and neovascularization  [27, 28] . These findings suggest 
that coronary atherosclerosis may be mediated by local 
effects of pericardial adipose tissue in addition to sys-
temic inflammatory processes.

  To date no study has investigated yet the relation be-
tween epicardial fat and thyroid functions; our explana-
tion for increased EAT in hypothyroid patients compared 
to normal subjects is hypothetical. Epicardial fat is an ad-
ditional visceral fat depot surrounding the heart and 

shares the same embryologic origin with abdominal vis-
ceral fat  [1] . EAT is an independent predictor of visceral 
fat  [12] . In addition, there was a significant association 
between TSH levels and amount of visceral fat  [11] . More-
over, increased TSH receptor expression that may have a 
possible role in cardiac function and pathophysiology has 
been demonstrated in EAT  [29] . Therefore, it may be log-
ical to think that increased cardiovascular events in SH 
patients may be attributable to EAT.

  There are several limitations to our study. First of all, 
the number of patients is relatively small. Secondly, since 
our study is cross-sectional, we cannot determine wheth-
er patients with increased EAT may have an increased 
incidence of CHD. Also, our study design does not allow 
us to discuss in detail the pathophysiological mecha-
nisms responsible for increased EAT in this patient popu-
lation. The other important limitation of our study is the 
lack of data on the duration of thyroid dysfunction. Since 
patients with SH are generally asymptomatic, we did not 
record this and did not include it in statistical analysis. 
Therefore, it cannot be ruled out that not only TSH value 
but also disease duration may be important for increased 
EAT.

  Conclusion 

 We demonstrated higher EAT in patients with SH and 
a significant correlation between EAT and TSH. The clin-
ical significance of this relation and the impact of thyroid 
medications on epicardial fat and clinical outcomes re-
quire further research.
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