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Background and Objectives: Subclinical hypothyroidism (SH) is considered to be a potential risk factor for cardiovascular disease. Epicardial
adipose tissue (EAT) thickness is also closely related to cardiovascular disorders. The aim of this study was to evaluate whether SH is associat-
ed with higher EAT thickness.

Subjects and Methods: Fifty-one consecutive patients with SH and 51 healthy control subjects were prospectively enrolled into this trial.
Thyroid hormone levels, lipid parameters, body mass index, waist and neck circumference, and EAT thickness measured by echocardiogra-
phy were recorded in all subjects.

Results: Mean EAT thickness was increased in the SH group compared to the control group (6.7+1.4 mm vs. 4.7+1.2 mm, p<0.001). EAT
thickness was shown to be correlated with thyroid stimulating hormone level (r=0.303, p=0.002). Multivariate logistic regression analysis
revealed that EAT thickness was independently associated with SH {odds ratio (OR): 3.87, 95% confidence interval (Cl): 1.92-7.78, p<
0.001; OR: 3.80, 95% Cl: 2.18-6.62, p<0.001}.

Conclusion: Epicardial adipose tissue thickness is increased in patients with SH compared to control subjects, and this increase in EAT

thickness may be associated with the potential cardiovascular adverse effects of SH. (Korean Cire J 2015;45(3):210-215)
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Introduction

Subclinical hypothyroidism (SH) is defined as an elevated thyroid
stimulating hormone (TSH) level with normal free thyroxine (fT4)
and free triiodothyronine (fT3) concentrations,” and SH occurs in 4%
to 209 of the adult population.? Hypothyroidism is considered to
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be a risk factor for cardiovascular diseases (CVD) and increasing

evidence also suggests that an association exists between athero-
sclerotic CVD and SH.? The metabolic syndrome (MS), which has
been linked to CVD and mortality in the general population® is one
of the underlying potential mechanisms for this association. MS is
characterized by atherogenic dyslipidemia, insulin resistance, and
hypertension,” all of which may be increased in hypothyroid or sub-
clinical hypothyroid states. It is also well known that visceral adipose
tissue (VAT) plays a major role in the development of MS.®

It was shown that epicardial adipose tissue (EAT), which is located
between the heart and the pericardium, is related to features of the
MS and reflects VAT As an emerging cardiometabolic risk factor,
increased EAT thickness was shown to be strongly associated with
coronary artery disease.'” Although some studies demonstrated
the association between SH and MS,"™ the association between
EAT, which is a marker of visceral adiposity, and SH has not been ev-
aluated extensively. The aim of this study was to investigate whether
SH is independently associated with higher EAT thickness.
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Subjects and Methods

Patients

Fifty-one patients with SH and 51 healthy age-matched euthy-
roid subjects were enrolled in this study between June 2013 and
February 2014 after obtaining their written informed consent. Lo-
cal ethics committee approved the investigational protocol described
herein. The diagnosis of SH was based on normal serum T4 (0.8-1.8
ng/dL) and mildly increased serum TSH levels (4.8-10 mIU/L).” Eu-
thyroid subjects were defined as those having normal serum fT4 and
TSH levels. A detailed questionnaire was used to assess the past
history of any disease, alcohol consumption, smoking, and occupa-
tional history.

Patients were excluded if they had overt hypothyroidism, severe
obesity, history of smoking or alcohol abuse, familial or secondary
dyslipidemia, diabetes mellitus, renal, hepatic or other systemic dis-
eases. None of the patients had a previous history of radioiodine
treatment, thyroid surgery, external radiation, and/or drug therapy
which could cause SH. Patients receiving drugs such as levothyrox-
ine, oral contraceptives, steroids, antihypertensive, antidiabetic or
antilipidemic medications were also excluded from the study.

Study variables

The variables of this study were as follows: age, sex, systolic and
diastolic blood pressure, body mass index (BMI), fasting plasma glu-
cose, total cholesterol, triglycerides, high density lipoprotein-cho-
lesterol (HDL-C) and low density lipoprotein-cholesterol (LDL-C),
thyroid function tests (TSH, fT3, and fT4), waist and neck circumfer-
ences, MS, and echocardiographic measurement of EAT. The pres-
ence of SH was the primary predictor variable.

Clinical and laboratory examinations

Two blood pressure measurements were performed at an interval
of at least 10 minutes by using a mercury sphygmomanometer
while the participants were in a sitting position after 10 minutes of
rest. BMI was calculated as weight (in kilograms)/height (in meters)
squared.

Waist circumference was measured at the midpoint between the
lowest rib and the iliac crest, and neck circumference was measured
at mid-neck height between mid-cervical spine and mid-anterior
neck'® with plastic tapes calibrated weekly to within 1 mm.

Blood samples were collected from all subjects between 08:00
and 10:00 after at least 10 hours of fasting. A procedure involving
chemiluminescence was used to determine thyroid function (TSH,
f13, and fT4). Plasma glucose, total cholesterol, HDL-C and LDL-C,
triglyceride levels were measured using standard methods.
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Echocardiographic assessment of epicardial adipose tissue

We performed echocardiographic assessment of EAT, using the
method proposed by lacobellis et al.? Patients were placed in the
left lateral decubitus position. EAT thickness was assessed on the
free wall of the right ventricle in two-dimensional long and short
heart axis views, at the end of the systole (Vivid 3; GE Vingmed,
Horten, Norvay). We performed 5 measurements of EAT thickness
during 5 cycles of two-dimensional long and short heart axis
views, and an average of values was obtained for each patient. EAT
appears as an echo-free space anterior to the right ventricular wall
and its thickness is measured between the epicardial surface of the
right ventricle and the parietal pericardium (Fig. 1).

Diagnosis of metabolic syndrome

For the diagnosis of MS, we used the following criteria, which are
slightly modified from the National Cholesterol Education Program-
Adult Treatment Panel Il guideline” in terms of central obesity eval-
uation, which is adopted by the Turkish Society of Endocrinology
and Metabolism. Based on this, MS was diagnosed when three or
more of the following criteria were met: 1) abdominal obesity: waist
circumference >94 cm in men and >80 cm in women; 2) plasma tri-
glycerides: =150 mg/dL; 3) plasma HDL-C: <40 mg/dL in men and
<50 mg/dL in women; 4) systolic blood pressure =130 mm Hg or di-
astolic blood pressure =85 mm Hg or use of an anti-hypertensive me-
dication; and 5) Hyperglycemia (fasting blood glucose =110 mg/dL).

Statistical analysis

Quantitative variables were presented as mean (+SD), and quali-
tative variables were presented as percentages (%). The Kolmogo-
rov-Smirnov test was used for assessing normality in distribution
of data. A comparison of parametric values between the two

Fig. 1. Epicardial adipose tissue thickness measurement by echocardiogra-
phy in the parasternal long axis view.
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groups was made using a two-tailed Student t-test, and for non-
parametric values, Mann-Whitney U test was used. Categorical
variables were compared using the chi-square test or Fisher's exact
test. A p of =0.05 was considered statistically significant. Pearson's
test was used for correlation analysis. Multivariate logistic regres-
sion analysis was performed to evaluate independent association
of SH with variable clinical parameters. All statistical analyses were
carried out using Statistical Package for the Social Sciences (SPSS)
version 18.0 (SPSS Inc., Chicago, IL, USA).

Results

Comparison of clinical characteristics, laboratory results, and
echocardiographic evaluation between the SH and control groups
is presented in Table 1. No significant difference was observed in age,
gender, BMI, glucose, fT3 and fT4 levels between the two groups
(p>0.05). Mean EAT thickness was significantly higher in the SH
group compared with the control group (6.711.4 mm vs. 4.7+1.2
mm, p<0.001). In the subgroup analysis, higher EAT thickness was
also observed in patients without MS in the SH group compared to
patients without MS in the control group (6.1£1.1 mm vs. 4.6+1.2
mm, p<0.001). In addition, EAT thickness was shown to be corre-
lated with TSH (r=0.303, p=0.002) and inversely correlated with T4
(r=-0.241, p=0.015).
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Logistic regression analysis was performed in patients with SH
(Table 2). Variables such as systolic and diastolic blood pressure,
triglyceride, LDL-C and HDL-C, BMI, MS, EAT thickness were in-
cluded into the multivariate logistic regression model because their
unadjusted p were =0.05. Waist and neck circumferences, which
reflect VAT, are associated with EAT thickness; hence, they were not
included in the multivariate analysis.

Because some variables have a significant correlation with MS
itself, resulting in a significantly high collinearity, two different mul-
tivariate models were used, one including MS alone without any of
its components, and the other excluding the MS variable, but in-
cluding each component. EAT thickness was found to be indepen-
dently associated with SH in both models {odds ratio (OR): 3.87, 95%
confidence interval (Cl): 1.92-7.78, p<0.001; OR: 3.80, 95% Cl:
2.18-6.62, p<0.001, respectively}.

Discussion

In the present study, patients with SH had increased EAT thickness
compared with control subjects. Multivariate analysis revealed that
SH was independently associated with higher EAT thickness.

The increasing morbidity and mortality from CVD in the last de-
cade identified a clustering of CVD risk factors, including obesity,

14)15)

type 2 diabetes mellitus, hyperlipidemia, and hypertension.

Table 1. Comparison of clinical, laboratory, and echocardiography findings between the SH and control groups

Variable SH group (n=51) Control group (n=51) p

Age (years) 486185 49.1+£79 0.740
Male gender (n, %) 19 (37.3) 20(39.2) 0.840
BMI (kg/m?) 262124 254+19 0.061
Systolic blood pressure (mm Hg) 129.3+6.0 120.7+8.5 <0.001
Diastolic blood pressure (mm Hg) 81.8+6.4 72.7£10.5 <0.001
Glucose (mg/dL) 89.1£12.6 85.2%11.4 0.115
Triglyceride (mg/dL) 161.0£49.0 128.8+35.4 <0.001
Total cholesterol (mg/dL) 170.8+41.2 156.4+28.4 0.042
LDL-C (mg/dL) 100.7£31.0 88.9119.5 0.023
HDL-C (mg/dL) 445163 50.0£7.8 <0.001
f13 (pg/mL) 29106 27105 0.080
T4 (ng/dL) 11402 12402 0.056
TSH (mIU/L) 10.1£5.1 3.0£1.0 <0.001
Metabolic syndrome (n, %) 28 (54.9) 15 (29.4) 0.012
Neck circumference (cm) 38.8%5.1 33.1439 <0.001
Waist circumference (cm) 91.0£10.5 84.8+8.0 <0.001
EAT thickness (mm) 67114 47112 <0.001

Data are expressed as mean with standard deviation or numbers (%). SH: subclinical hypothyroidism, BMI: body mass index, LDL-C: low density lipopro-
tein-cholesterol, HDL-C: high density lipoprotein-cholesterol, fT3: free triiodothyronine, fT4: free thyroxine, TSH: thyroid stimulating hormone, EAT: epicar-

dial adipose tissue
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Table 2. Independent relationship between subclinical hypothyroidism and epicardial adipose tissue thickness by the logistic regression analysis
Variable Univariate analysis Multivariate analysis 1 Multivariate analysis 2

OR (95% CI) p OR (95% ClI) p OR (95% CI) p
Age (years) 0.99 (0.95-1.04) 0.740
Male gender 092 (0.41-2.04) 0.840
BMI (kg/m?) 1.20 (1.0-1.45) 0.050* 094 (0.69-1.27) 0.675 1.13(0.87-1.47) 0.355
Systolic blood pressure (mm Hg) 1.18 (1.10-1.26) <0.001* 1.17 (1.03-1.31) 0.0M
Diastolic blood pressure (mm Hg) 1.13 (1.07-1.19) <0.001* 1.0 (0.92-1.09) 0.990
Glucose (mg/dL) 1.03 (0.99-1.06) 0.105
Triglyceride (mg/dL) 1.02 (1.01-1.03) <0.001* 0.99 (0.97-1.01) 0.321
Total cholesterol (mg/dL) 1.01 (1.0-1.02) 0.487
LDL-C (mg/dL) 1.02 (1.0-1.04) 0.032* 1.03 (1.0-1.06) 0.021 1.02 (1.0-1.04) 0.081
HDL-C (mg/dL) 0.90 (0.84-0.95) 0.001* 092 (0.83-1.01) 0.077
Metabolic syndrome 2,92 (1.29-6.61) 0.012* 0.77 (0.23-2.51) 0.665
Neck circumference (cm) 1.35(1.18-1.53) <0.001
Waist circumference (cm) 1.08 (1.03-1.13) 0.002
EAT thickness (mm) 351 (2.16-5.72) <0.001* 3.87 (1.92-7.78) <0.001 3.80 (2.18-6.62) <0.001

Chi-square value for the multivariate analysis 1: 69.31, chi-square value for the multivariate analysis 2: 52.39. *Parameters included into the multivariable
logistic regression model. OR: odds ratio, Cl: confidence interval, BMI: body mass index, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density li-

poprotein-cholesterol, EAT: epicardial adipose tissue

These risk factors are associated with insulin resistance, and this
led to the identification of the unique disease entity, which is
called MS. MS is a combination of risk factors for CVD.” Although
multiple risk factors, such as obesity, insulin resistance, physical in-
activity, advanced age, and hormonal imbalance, appear to predis-
pose people to the MS” VAT plays a major role in the development
of MS? It is well accepted that hypothyroidism is associated with
CVD,” and increasing evidence also suggests an association be-
tween SH and CVD.?'®"” One such potential mechanism for this
association is MS. Components of the MS may increase in overt or
subclinical hypothyroid states. Overt hypothyroidism leads to an
increase in plasma cholesterol levels and blood pressure.'®'® The
clearance of LDL-C was found to be delayed in patients with overt
hypothyroidism due to down-regulation of LDL-C receptors on he-
patocytes. Therefore, it is characterized by high levels of serum
cholesterol and LDL-C and a low level of HDL-C.2” In a study inves-
tigating the hypothesis that thyroid function is associated with
components of the MS, a reciprocal relationship was observed be-
tween fT4 and triglyceride and LDL-C even within the euthyroid
range.?" Obesity is also an important component of MS, and a posi-
tive association between TSH and BMI or waist circumference has
also been described?” There are conflicting findings on the associa-
tion between blood pressure and thyroid function. It was demon-
strated that TSH levels were positively correlated with systolic blood
pressure, but no correlation was found between TSH and diastolic
blood pressure.?’

www.e-kgej.org

There is also a significant increase in CVD risk factors among
people with SH¥ and it was demonstrated that the prevalence of
SH was increased in patients with MS."? It was also shown that an
association exists between higher TSH levels and increased preva-
lence of the MS even within the euthyroid range." Our results also
showed an association between SH and the presence of MS. Addi-
tionally, levels of triglyceride, HDL-C and LDL-C, degree of systolic
and diastolic blood pressure, waist and neck circumference were
also found to be associated with SH.

Waist circumference is widely used as an indicator and screening
tool of VAT. However, this measurement does not distinguish be-
tween accumulation of VAT and subcutaneous abdominal fat. EAT,
which is the adipose tissue accumulated between the visceral
pericardium and the myocardium measured by echocardiogra-
phy, was proposed as a novel imaging indicator of VAT? It is
well correlated with VAT assessed by magnetic resonance imag-
ing, which is the gold standard for measurement of VAT® It has
been suggested that increased EAT thickness is positively associ-
ated with the risk of MS??® and it is a better indicator of visceral
adiposity than waist circumference.?® EAT is not only a fat de-
posit but also an active metabolic organ. It has been found to
produce several bioactive molecules associated with insulin re-
sistance and systemic inflammation?” and it was proposed that
increased EAT thickness is associated with CVD.2¥ However, the
association between EAT, which is a marker of visceral adiposity,
and SH has not been evaluated extensively.

http://dx.doi.org/10.4070/kc}.2015.45.3.210
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Although some recent studies suggested an association between
SH and EAT?®* there are some conflicting results.> Our study re-
vealed an independent relationship between EAT thickness and SH
in the multivariate analysis. Increased LDL-C and systolic blood pres-
sure levels were also found to be independently associated with SH,
and all of these findings support the association between CVD and SH.

The main limitation of this study is the small sample size. Our
preliminary findings should be supported by further studies. There-
fore, the ability to generalize this correlation might be limited. Sec-
ondly, currently, magnetic resonance imaging is the gold standard
diagnostic method for measuring epicardial fat thickness; however,
echocardiography is more practical and sufficiently reliable com-
pared to magnetic resonance imaging. Finally, the duration of SH in
the study population is unknown due to the generally asymptom-
atic nature of the disease and the presence of anti-thyroperoxidase
antibodies was not assessed, which is associated with an increased
risk of developing overt hypothyroidism. Therefore, these implica-
tions may complicate the assessment of the impact of SH on EAT
thickness.

In conclusion, our study demonstrated that increased EAT thick-
ness was observed in patients with SH compared with control sub-
jects. Hence, this finding suggests that there is a relationship be-
tween SH and visceral adiposity, and it supports the previous findings
of SH being a potential cardiovascular risk factor.
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