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Abstract
Introduction: Thyroid disorders are known to be a risk factor for cardiovascular diseases. Epicardial fat thickness (EFT) and oxidative stress are also
believed to be major risk factors for cardiovascular events. The aim of this
study was to evaluate the possible relationship between oxidative stress
parameters and EFT in patients with subclinical hypothyroidism (SCH).
Material and methods: A total of 60 individuals (30 patients with SCH and
30 healthy controls) were recruited for the study. The EFT and oxidative
stress parameters of all participants were analyzed at baseline; the same
were analyzed in SCH patients after achievement of a euthyroid state.
Results: Compared to healthy subjects, SCH patients had significantly higher EFT and oxidative stress parameters (p < 0.05 for all). EFT and oxidative
stress parameters both decreased after treatment, but only the decrease of
EFT levels was statistically significant after thyroid hormone replacement
(p < 0.05). Serum EFT levels were not significantly correlated with oxidative
stress index (r = 0.141, p = 0.458).
Conclusions: Previous studies have demonstrated that visceral adipose tissue and oxidative stress are major risk factors for cardiovascular events; our
study demonstrated that EFT, a visceral adipose tissue, and oxidative stress
parameters were higher, and could be used as an indicator for cardiovascular diseases in patients with SCH.
Key words: epicardial fat thickness, oxidative stress, subclinical
hypothyroidism.

Introduction
It is well known that thyroid hormones affect the body’s metabolism
directly. Too little or too much secretion of thyroid hormones changes
lipid metabolism, body weight, waist circumference, and body mass index (BMI) [1]. Several studies have reported the association between hypothyroidism and metabolic syndrome and hyperlipidemia. Decreasing
body fat and non-fat mass were observed in measurements performed
by densitometry after the application of hormone replacement therapy
to patients with hypothyroidism [2–6]. Several studies have demonstrat-
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ed that visceral adipose tissue is a major risk factor for type two diabetes mellitus, dyslipidemia,
and cardiovascular events. In addition, epicardial
fat thickness (EFT) is an indicator of visceral adipose tissue, and is associated with metabolic syndrome and cardiovascular risk [7–9]. Recent studies have found that products of oxidative stress
are responsible for the etiology, pathogenesis, and
clinical findings of thyroid disease and cardiovascular disease [10–13].
Although several studies have been performed
to discern the relationship of oxidative stress and
hypothyroidism, a limited number of studies related to EFT are available on these patients [14–19].
No research study has yet been performed to
study the relationship between oxidative stress
and EFT in patients with subclinical hypothyroidism (SCH). In order to add to these studies, we examined the relationship between EFT and oxidative stress parameters in patients with SCH, and
to examine the effects of levothyroxine treatment
on those parameters.

Material and methods
Study design and patients
This prospective study was conducted at the
Harran University School of Medicine, Sanliurfa,
Turkey. Prior to subject recruitment, the study protocol was reviewed and approved by the local ethics committee in accordance with the ethical principles for human investigations, as outlined by the
Second Declaration of Helsinki. Written informed
consent was obtained from all the patients. From
January 2011 to January 2012, 60 consecutive
subjects who were admitted to endocrinology and
internal medicine polyclinics were recruited for
the study.
All study subjects were divided into two groups;
group 1 (n = 30) consisted of patients with SCH,
and group 2 (n = 30) consisted of healthy subjects.
The exclusion criteria were as follows: recent acute
infectious illness; any inflammation, infiltrative
disorders, or autoimmune diseases; any evidence
of liver, kidney, or respiratory disease; diabetes
mellitus; uncontrolled essential hypertension;
heart failure; malignancy; or regular alcohol use.
A detailed history of disease and demographic
information was collected from all patients, and
all patients underwent physical examination at
baseline.
L-thyroxine replacement therapy, with an average daily dose of 1.6 µg/kg body weight for an
average 3–6 months, was started for patients who
had thyroid-stimulating hormone levels that fell
within the upper limit of normal laboratory values
of 5.5 mIU/l (the normal range of thyroid stimulating hormone (TSH) levels = 0.5–5.5 mIU/l), but
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whose free-T3 (fT3) and free-T4 (fT4) values were
within normal values [20]. Blood samples were
taken after treatment and stored for the measurement of total oxidant status (TOS), total antioxidant status (TAS), and oxidative stress index (OSI)
until the day of analysis.

Baseline definitions and measurements
Height and weight were measured according
to standard protocols. Body mass index (BMI) was
calculated as the person’s weight in kilograms divided by his or her height in meters squared (kg/
m2). Blood pressure was measured using a mechanical sphygmomanometer in the medical office setting. The average of three blood pressure
measurements was calculated for each subject
after he or she had been seated comfortably for
15 min. Body composition was assessed with
bioelectrical impedance analysis (BF 510, Omron
Healthcare Co. Ltd., Kyoto, Japan).

Evaluation of blood samples
All of the blood samples were drawn after 12 h
of overnight fasting from a large antecubital vein
without interruption of the venous flow, using
a 19-gauge butterfly needle connected to a plastic
syringe. Twenty ml of blood were drawn, with the
first few ml discarded. Ten ml of blood were used
for baseline routine laboratory tests. The residual
content of the syringe was transferred immediately to polypropylene tubes, which were then centrifuged at 3,000 rpm for 10 min at 10–18°C. Supernatant plasma samples for TAS and TOS were
stored in plastic tubes at –80°C after labeling in
the biochemistry laboratory until the day of analysis. The TSH, fT3, and fT4 levels were analyzed using an electrochemiluminescence immunometric
assay (ECLIA) method with a Roche Elecsys E170
immuno-analyzer (Roche Diagnostics, Burgess Hill,
UK). The other biochemical analyses were determined using commercially available assay kits
(Abbott, Abbott Park, IL, USA) with an auto-analyzer (Abbott, Abbott Park, IL, USA).

Measurement of oxidative stress parameters
Serum TOS was measured using a novel automated method developed by Erel [21, 22]. Oxidants present in the sample oxidize the ferrous
ion-o-dianisidine complex to ferric ion. The oxidation reaction is enhanced by glycerol molecules,
which are abundantly present in the reaction medium. The ferric ion generates a colored complex
with xylenol orange in an acidic medium. The color
intensity, which can be measured spectrophotometrically (V-530; Jasco, Tokyo, Japan), is related to
the quantity of oxidant molecules present in the
sample. The assay was calibrated with hydrogen
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peroxide, and the results were expressed in terms
of micromolar hydrogen peroxide equivalents per
liter (μmol H2O2 equiv./l).
Serum TAS was measured using a novel automated method developed by Erel [21, 22]. In this
method, the hydroxyl radical, the most potent biological radical, is produced. In the assay, the ferrous
ion solution in reagent 1 was mixed with the hydrogen peroxide present in reagent 2. Sequentially
produced radicals, such as the hydroxyl radical-produced brown-colored dianisidinyl radical cation,
are also potent radicals. This method allows the
measurement of the sample’s antioxidative effect
against potent free radical reactions that are initiated by the hydroxyl radical. The assay had excellent
precision values of more than 97%. The results are
expressed as mmol Trolox equiv./l. Trolox equivalent antioxidant capacity measures the antioxidant
capacity of a given substance, as compared to the
standard, Trolox; as a standard of diphenylpicrylhydrazyl, oxygen radical absorbance capacity and
ferric reduce the ability of plasma assays.
The OSI was defined as the ratio of TOS to TAS
level. For the calculation, TAS units were changed
to mmol/l, and the OSI value was calculated according to the following formula: OSI (arbitrary
unit) = TOS (μmol H2O2 equiv./l)/TAS (mmol Trolox
equiv./l) [21, 22].

Measurement of epicardial fat thickness
Measurement was performed by a Vivid E9
(General Electric Medical Systems, Milwaukee,
Wisconsin, USA) echocardiography device and
2.5 MHz echocardiography probe in the hospital’s
cardiology department. EFT measurement was
performed using a two-dimensional echocardiographic method by transthoracic echocardiography with subjects in the left lateral decubitus
position. The EFT was measured on the free wall
of the right ventricle from both parasternal longand short-axis views at the mid ventricle during
end diastole (marked by the R wave on the ECG
recording). The maximum values at each site were
measured, and the average value was considered.
The measured value was expressed in cm.

Statistical analysis
Statistical Package for the Social Sciences 20.0
was used for all statistical analyses (SPSS, Chicago,
Illinois, USA). The one-sample Kolmogorov-Smirnov test was used to verify the normality of data
distributions. Results are expressed as mean ± SD.
The c2 test was used for categorical variables. The
independent sample t test was used to analyze
parametric numerical data, and the Mann-Whitney U test was used to analyze non-parametric
data. The paired t test for parametric data and

the Wilcoxon signed-rank test for non-parametric
data were used to analyze changes within the SCH
patients. Pearson correlation coefficients were
used to determine correlations between oxidative
stress and EFT for patients with SCH. Binary logistic regression analysis was performed to find
independent predictors of oxidative stress and
EFT in patients with SCH. Values of p < 0.05 were
considered statistically significant for all results.

Results
The demographic and laboratory parameters of
both groups before treatment are shown in Table
I. There were no statistically significant differences between the two groups (all p > 0.05) in age,
sex, BMI, percent body fat, alanine transaminase,
triglycerides, low-density lipoprotein, high-density
lipoprotein, total cholesterol, fT3, fT4, systolic blood
pressure, or diastolic blood pressure. Compared to
the healthy subjects, the SCH patients had significantly higher TSH, EFT, and OSI levels (all p < 0.05).
Epicardial fat thickness in the SCH patients decreased from the average pre-treatment level of
0.685 ±0.237 to the average level of 0.582 ±0.187
after treatment; this finding is considered statistically significant (p = 0.004). There was also a decrease in OSI levels from the average level of 4.78
±1.19 to 4.56 ±1.32, but it was not statistically
significant (p = 0.460). In addition, there were no
differences in TOS and TAS levels before and after
treatment (p > 0.05) (Table II).
Pearson correlation analysis showed that there
was a positive correlation between EFT values and
BMI, body fat percent, total cholesterol, low-density lipoprotein, and diastolic blood pressure (all
p < 0.05). There were no associations with the
other parameters (all p > 0.05). In addition, OSI
levels were only associated with diastolic blood
pressure (p < 0.05) (Table III). Binary logistic regression analysis revealed that EFT values were independent predictor for SCH, and OSI levels were
an indicator of oxidative stress in SCH patients
(β = 4.50, standard error = 1.68, Wald statistic =
7.2, p = 0.007; and β = 4.24, standard error = 1.38,
Wald statistic = 9.33, p = 0.002, respectively).

Discussion
To the best of our knowledge this is the first
study to evaluate the correlation between oxidative stress parameters and EFT in patients with
SCH. The main findings of the present study were
that (i) both EFT and OSI levels were increased
in patients with SCH, (ii) but no relationship was
found between the two parameters; (iii) EFT and
OSI levels decreased after treatment, but only the
decrease of EFT levels was statistically significant;
(iv) it was observed that EFT values are an indepen-

Arch Med Sci 2, March / 2017385

Ali Aydogdu, Emel Yigit Karakas, Emre Erkus, İbrahim Halil Altıparmak, Emin Savık, Turgay Ulas, Tevfik Sabuncu

Table I. Baseline comparison of the demographic, laboratory and clinical characteristics of all subjects
Parameter

SCH patients (n = 30)

Healthy subjects (n = 30)

P-value

Age [years]

37.70 ±13.54

40.96 ±13.39

NSa

29/1

28/2

NSb

BMI [kg/m2]

31.81 ±8.84

29.20 ±6.21

NSa

Body fat mass (%)

41.84 ±9.73

37.33 ±10.55

NSa

ALT [U/l]

18.50 ±6.70

23.30 ±13.27

NSa

Total cholesterol [mg/dl]

197.10 ±52.87

184.71 ±43.62

NSa

LDL cholesterol [mg/dl]

119.63 ±47.17

108.81 ±40.55

NSa

HDL cholesterol [mg/dl]

46.8 ±12.17

45.20 ±10.46

NSa

144.0 (45–396)

123.0 (57–352)

NSc

TSH [mIU/l]

7.52 (5.60–21.80)

1.49 (0.73–5.34)

< 0.001c

FT3 [pg/ml]

3.22 ±0.46

3.09 ±0.40

NSa

FT4 [ng/dl]

1.04 ±0.16

1.09 ±0.15

NSa

Systolic BP [mm Hg]

122.5 (100–150)

125.0 (100–140)

NSc

Diastolic BP [mm Hg]

80 (60–95)

80 (70–90)

NSc

0.658 ±0.237

0.52 ±0.16

0.003a

TAS [µmol Trolox equiv./l]

0.94 ±0.16

1.01 ±0.12

0.038a

TOS [µmol H2O2 equiv./l]

44.46 ±9.85

23.23 ±5.847

< 0.001a

OSI [arbitrary units]

4.78 ±1.19

2.32 ±0.59

< 0.001a

Sex (F/M)

Triglycerides [mg/dl]

EFT [cm]

Parametric data values are given as mean ± standard deviation. Nonparametric data values are given as median minimum-maximum.
SCH – subclinical hypothyroidism, BMI – body mass index, ALT – alanine transaminase, LDL – low-density lipoprotein, HDL – high-density
lipoprotein, TSH – thyroid stimulating hormone, BP – blood pressure, EFT – epicardial fat thickness, TAS – total antioxidant status,
TOS – total oxidant status, OSI – oxidative stress index, by independent sample t testa, c2b, Mann-Whitney U testc.

Table II. Baseline and post-treatment comparisons of hypothyroid patients
Parameters

Before treatment

After treatment

P-value

BMI [kg/m²]

31.81 ±8.84

30.96 ±8.43

< 0.001α

Body fat mass (%)

41.84 ±9.73

40.49 ±8.54

NSα

Total cholesterol [mg/dl]

197.10 ±52.87

205.66 ±59.34

NSα

LDL cholesterol [mg/dl]

119.63 ±47.17

133.00 ±49.78

NSα

HDL cholesterol [mg/dl]

46.80 ±12.17

45.96 ±12.63

NSα

144.0 (45–396)

112.0 (39–330)

NSβ

TSH [mIU/l]

7.52 (5.60–21.80)

2.92 (0.57–5.40)

< 0.001β

FT3 [pg/ml]

3.22 ±0.46

3.16 ±0.41

NSα

FT4 [ng/dl]

1.04 ±0.16

1.18 ±0.22

< 0.001α

0.685 ±0.237

0.582 ±0.187

0.004α

TAS [µmol Trolox equiv./l]

0.94 ±0.16

0.97 ±0.11

NSα

TOS [µmol H2O2 equiv./l]

44.46 ±9.85

43.11 ±12.77

NSα

OSI [arbitrary units]

4.78 ±1.19

4.56 ±1.32

NSα

Triglycerides [mg/dl]

EFT [cm]

Parametric data values are given as mean ± standard deviation. Nonparametric data values are given as median minimum-maximum.
BMI – body mass index, LDL – low-density lipoprotein, HDL – high-density lipoprotein, TSH – thyroid stimulating hormone, EFT – epicardial
fat thickness, TAS – total antioxidant status, TOS – total oxidant status, OSI – oxidative stress index; by paired samples testα, Wilcoxon
signed ranks testβ.
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Table III. Baseline correlation analysis of epicardial fat thickness and oxidative stress index in SCH patients
Parameter

Epicardial fat thickness

Oxidative stress index

R

P-value

R

P-value

Age

0.464

0.10

0.130

0.493

BMI

0.530

0.003*

–0.153

0.419

Body fat percent

0.491

0.006*

–0.230

0.221

ALT

0.088

0.642

–0.018

0.926

Total cholesterol

0.554

0.001

*

0.016

0.933

LDL cholesterol

0.542

0.002*

0.031

0.870

HDL cholesterol

0.034

0.857

–0.283

0.130

Triglycerides

0.226

0.229

0.189

0.317

TSH

0.345

0.062

–0.323

0.081

FT3

–0.178

0.346

0.032

0.068

FT4

–0.276

0.140

0.009

0.964

Systolic BP

0.173

0.361

0.259

0.167

Diastolic BP

0.438

0.016

0.466

0.009*

EFT

–

–

–0.141

0.458

TAS

0.012

0.951

–0.490

0.006*

TOS

–0.130

0.495

0.685

< 0.001*

OSI

–0.141

0.458

–

–

*

SCH – subclinical hypothyroidism, BMI – body mass index, ALT – alanine transaminase, LDL – low-density lipoprotein, HDL – high-density
lipoprotein, TSH – thyroid stimulating hormone, BP – blood pressure, EFT – epicardial fat thickness, TAS – total antioxidant status, TOS – total
oxidant status, OSI – oxidative stress index.

dent predictor for SCH, and OSI levels can be used
as an indicator of oxidative stress in SCH patients.
Several studies have demonstrated the effects
of thyroid diseases on oxidative stress. Due to the
reduction in thyroid hormone levels that results
from hypothyroidism, the metabolic rate slows so
that the oxidative products are expected to decrease [23–25]. Conversely, studies have shown
that oxidative stress is increased in patients with
hypothyroidism [26–28]. Torun et al., Haribabu et
al., and Reddy et al. have observed that oxidative
stress increased in patients with subclinical and
overt hypothyroidism compared to healthy controls [29–31]. Cebeci et al. also found that oxidative stress increased in patients with SCH compared to controls [32]. In another study, Öztürk
et al. observed that oxidative stress increased in
patients with overt hypothyroidism, but did not
increase in SCH compared to the controls [11]. In
our study, oxidative stress parameters were found
to be increased in patients with SCH compared to
the controls. There was also a decrease of the levels of OSI after treatment, but this was not found
to be statistically significant.
There have been a limited number of studies
about the effects of thyroid hormones on EFT. Body

weight, body mass index, and waist circumference
change if the thyroid hormones are deficient or in
excess. Several studies have identified the relationship between SCH and metabolic syndrome. The
EFT is an indicator of visceral adiposity, which is
associated with metabolic syndrome and cardiovascular risk. It is more reliable and accurate than waist
circumference for measurement of visceral adiposity. Although several studies have demonstrated increased visceral adiposity in SCH, few studies have
shown increased EFT in these patients [19, 33–37].
Asik et al. demonstrated that EFT increased in patients with subclinical and overt hypothyroidism
compared to the controls [33]. In the current study,
EFT increased in patients with SCH compared to the
controls, and decreased after the treatment.
No research study in the literature has yet
shown the relationship between EFT and oxidative stress in patients with SCH, although the relationship between EFT and oxidative stress has
been expressed in a few studies [14–18]. SalgadoSomoza et al. demonstrated that epicardial adipose tissue suffers greater oxidative stress than
subcutaneous adipose tissue in patients with cardiovascular diseases; the authors revealed that
epicardial adipose tissue may be associated with
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myocardial stress in these patients [15]. Galili et al.
found that early abdominal obesity is characterized by increased vascular oxidative stress and
endothelial dysfunction in association with increased levels of leptin before the development
of insulin resistance and systemic oxidative stress
[16]. On the other hand, Wilund et al. demonstrated that intra-dialytic exercise training reduces oxidative stress and EFT [17]. In the current study, we
found both increased EFT and OSI levels in SCH
patients compared with the controls.
Although some research studies have investigated the oxidative stress parameters and EFT levels in patients with SCH separately, these studies
did not provide any further results that revealed
independent predictors for SCH [11, 19, 29, 32, 33,
38, 39]. Only Haribabu et al. have used logistic regression analysis and have revealed that malondialdehyde levels and protein carbonyls levels, both
oxidative stress markers, were independent factors for SCH. The authors demonstrated in this
study that both malondialdehyde and protein carbonyls levels can be used as markers of oxidative
stress in SCH patients [30]. No knowledge exists
in the literature demonstrating, however, that EFT
levels are a predictor for SCH. In our study, we further analyzed our results using logistic regression
analysis and found that EFT values are an independent predictor for SCH, and that OSI levels can
be used as a marker of oxidative stress in SCH
patients, although no positive or negative correlations were found between them.
In conclusion, our present study demonstrated
that EFT and OSI levels were higher in patients
with SCH than in healthy subjects. The limitations
of the present study are that the sample size was
relatively small, and the study was conducted in
a single center. Although we have not obtained
any results referring to cardiovascular disease –
another potential limitation of the study – these
parameters could be used as an indicator for
cardiovascular diseases in patients with SCH, as
these levels have been previously proven to be related to cardiovascular diseases. Therefore, there
is a need for multicenter, prospective, randomized
studies in which a greater number of patients are
studied in order to confirm this topic.
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