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Abstract: Introduction: Metabolic syndrome is a systemic disorder and manifests as a group of conditions includ-
ing abdominal obesity, dyslipidemia, hypertension and coronary artery disease. The importance of epicardial adi-
pose tissue has been proven through recognition of its contribution to inflammation by pro-inflammatory cytokine
discharge. Several investigations have been performed on vitamin D receptors in different tissues. In this study,
epicardial adipose tissue thickness (EATT) and the levels of vitamin D were measured and compared with a healthy
control group. Material and Methods: 84 patients who had metabolic syndrome without diabetes and 64 healthy
individuals were enrolled into the study. In all patients, the EATT was calculated by ecocardiography and the level of
serum 25 (OH) vitamin D was measured. Results: It was observed that EATT in patients with metabolic syndrome
increases significiantly compared to the healthy control group (P < 0.001). No significant difference between pa-
tients and control group was found for the levels of 25 (OH) vitamin D (P = 0.507). There was no correlation between
25 (OH) vitamin D and EATT (P = 0.622). Conclusions: We observed that EATT increased in patients with metabolic
syndrome. In contradiction to literature; the levels of 25 (OH) vitamin D was not found to be high in patients with
metabolic syndrome. Any significant correlation was not found between EATT and 25 (OH) vitamin D levels. Further
studies with a larger patient population are required to assess the relationship.
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Introduction [B]. EAT thickness increases as visceral fat tis-
sue increases and they are therefore regarded
as equivalent. EAT is most frequently found in

right ventricle free wall, left ventricle free wall,

Metabolic syndrome is a cluster of risk factors
including abdominal obesity, impaired fasting

glucose, hypertension and dyslipidemia [1].
Clinical implications include hypercoagulability,
obesity, hyperuricemia, osteoporosis, hon-alco-
holic steatohepatitis, sleep apnea and polycys-
tic ovary syndrome [2]. The incidence of meta-
bolic syndrome is increasing globally and it is a
pandemic effecting 20-30% on adult popula-
tions [3]. Patients with metabolic syndrome are
observed to have myocardial infarction and
strokes 3 times more than healthy people.
Additionally, these patients are at a higher risk
for developing type 2 diabetes and coronary
artery disease [4, 5].

Epicardial adipose tissue (EAT), is a fatty tissue
regarded as a component of visceral fat tissue

around the atrium and the adventitia of the cor-
onary artery branches from the surface of the
epicardium to the myocardium [7]. The EAT
thickness (EATT) varies according to the inflam-
matory status of the body and the person’s
dietary habits. In healthy individuals EAT is pro-
tective of vascular functions and also acts as
an energy store for the cardium. However,
increase of EAT leads to lipolytic, prothrombotic
and proinflammatory properties [8]. Recent
studies have found significant relationship
between EATT and metabolic syndrome [9, 10].

The main effect of Vitamin D is on calcium and
phosphate homeostasis and bone metabolism.
In addition, there are more than 30 tissues with
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vitamin D receptors (VDR), including endotheli-
um, smooth muscle, myocardium, brain, pros-
tate, breast, colonic and immune system cells
[11]. A study in patients with coronary artery
disease demonstrated VDR in EAT [12]. An ani-
mal study found that vitamin D deficiency leads
to hypertrophy of cardiomyocytes and an
increase in release of proinflammatory cyto-
kines (TNF-a, IL-6, MCP-1) in EAT [13].

Another animal study found that 2 months after
feeding with a vitamin D deficient diet, pancre-
atic insulin secretion decreased and the ani-
mals developed glucose intolerance [14].
Vitamin D deficiency leads to decreased insulin
sensitivity, deterioration of beta cell functions,
systemic inflammation, glucose intolerance,
metabolic syndrome and type 2 diabetes. There
is evidence of vitamin D’'s effect on these
mechanisms [15, 16]. There is sufficient data
on the relationship between EATT and 25 (OH)
vitamin D with metabolic syndrome. However,
there is lack of data on the relationship between
EATT and 25 (OH) vitamin D. In this study, we
measured EATT and 25 (OH) vitamin D levels in
patients with isolated metabolic syndrome
without diabetes and compared with a control
of patients without metabolic syndrome. We
also analysed the relationship between 25 (OH)
vitamin D and EATT.

Materials and methods

This study included 148 consecutive patients
who admitted to Bakirkoy Dr. Sadi Konuk
Education and Research Hospital’'s Internal
Medicine and Cardiology outpatient clinics
between December 2013 and April 2014. Of
these patients, 84 had metabolic syndrome
and 64 were participants with similar age and
demographic characteristics forming the con-
trol group. The patient group was created from
patients with metabolic syndrome who did not
have diabetes.

This study was approved by the local ethical
committee and informed consent was obtained
from all patients.

Exclusion criteria were: patients without meta-
bolic syndrome or with diabetes, patients who
did not consent or would not volunteer for the
study, patients with one of: mental retardation,
psychotic disorders, mood disorders, demen-
tia, delirium and other amnestic disorders;
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pregnancy, hypothyroidism, hyperthyroidism,
acute coronary syndrome, coronary artery dis-
ease, congestive heart failure, atrial fibrillation
orany coronary rhythm other than sinus rhythm,
renal dysfunction, congenital heart disease,
myocarditis, pericarditis, cardiomyopathy, val-
vular heart disease, neoplastic disease, any
chronic inflammatory illness, active infection,
chronic liver disease, use of medication that
includes vitamin D, parathyroid disease, bone
metabolism disorders (osteoporosis or osteo-
penia) or related medication use and
menopause.

For all patients included in the study, a form
with the following information was collected by
the same physician: age, gender, medical his-
tory, family history, habits, height, weight, sys-
tolic blood pressure (SBP), diastolic blood pres-
sure (DBP), body mass index (BMI), waist cir-
cumference (WC) and physical examination
findings. All measurements and examinations
were performed by the same physician. BMI
was calculated according to the “weight (kg)/
height (m?)” formula. The homeostatic model
assessment of insulin resistance (HOMA-IR)
was used to evaluate insulin resistance. The
following formula was used: HOMA-IR = (Fasting
insulin (uu/ml) x Fasting plasma glucose (mg/
dl)/405) [17] Waist circumference (cm) was
measured parallel from the exact middle point
between the lower border of 12th rib and spina
ischiadica major. Limits were determined as 94
cm for men and 80 cm for women in accor-
dance with relevant criteria.

Blood pressure was measured after 20 min-
utes of resting, both systolic and diastolic. Two
measurements were recorded and the mathe-
matical average was taken. Hypertension was
defined as > 140 mmHg systolic or > 90 mmHg
diastolic pressure in three separate measure-
ments or the use of antihypertensive medica-
tion. Diabetes was defined as fasting blood glu-
cose > 126 mg/dL or use of antidiabetic medi-
cation. Fasting glucose between 100-126 mg/
dL was classified as impaired fasting glucose.
Hyperlipidemia was defined as total cholester-
ole 2200 mg/dL or trigliceride > 150 mg/dL.

The diagnosis of metabolic syndrome was
made according to the 2005 International
Diabetes Federation (IDF) criteria [18]. Diag-
nosis was made if the patient had abdominal
obesity (waist circumference > 94 cm in men
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Table 1. Clinical and demographic characteristics of patients and

control groups

Patients group Control group

included in this study, by two
cardiologist blinded to the
patients’ and healthy group’s

Mean + SD _ Mean & SD P value biozr.\emicahl rzsul.ts. The;:cho-

cardiogra evice used was

Age 385+9.7  371+91  0.394 i 8?5 (gEyVingme 0. Horten
Gender Female 58 69.0% 52 81.3% 0.092 Norway) with a 2.5-3.5 MHz
Male 26 31.0% 12 18.8% probe. Epicardial adipose tis-

BMI (kg/m?) 34.2+6.4 25.1+4.2  0.0001 sue was observed as a com-
Waist circumference (cm) 107.9+14.4  85.1+x11.4 0.0001 paratively echo-free area bet-
SBP (mmHg) 132.9420.9 109.8+13.5 0.0001 ween the outer border of the
DBP (mmHg) 82.0+12.4 70.749.6  0.0001 myocardium and the visceral
Hypertension 49 583% 1 1.6% 0.0001 layer of the pericardium. EATT
Hyperlipidemia 11 131% 1 1.6% 0.011 was measured on the para-
Smoking 20 345% 19 29.7% 0.534 sternal longitudinal axis in

BMI: Body mas index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure.

and > 88 cm in females) plus at least two of
the following: elevated fasting plasma glucose
(= 100 mg/dL (5.6 umol/L)); elevated levels
of triglycerides (= 150 mg/dL (1.7 umol/L));
reduced levels of HDL cholesterol [< 40 mg/dL
(1.03 umol/L) in men and 50 mg/dL (1.29
umol/L) in women)]; elevated blood pressure
(systolic blood pressure > 130 mmHg or dia-
stolic blood pressure = 85 mmHg).

Laboratory parameters

Blood for 25 (OH) vitamin D and other labora-
tory parameters were taken after overnight
fasting of 12 hours from the forearm veins into
tubes with EDTA. Tubes were centrifuged for 10
minutes at 4000 rpm and stored at-80 degrees
centigrade.

Fasting glucose, urea, creatinine, LDL choles-
terole, HDL cholesterol, triglycerides, TSH and
other biochemical parameters were measured
using the Abott Architect C16200 system (Abott
Laboratories, IL, USA).

Serum insulin was measured using the Immulite
2000 chemoimmulescense autoanalyse and
the “Siemens Healthcare Diagnostics USA” kit.
Complete blood count was analysed with the
Counter LH 750 autoanalyser (Beckman
Counter, CA, USA) and 25 (OH) vitamin D with
the Roche 25 (OH) Vitamin D total test, Roche
elecsys E 170 Immunoassay.

Determination of epicardial fat tissue thick-
ness

Detailed two dimensional, M-mode and doppler
echocardiography was performed in all patients
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transverse images, perpen-

dicular to the right ventricular

free wall, at the end of diasto-
le. The aortic annulus intraventricular septum
was used as anatomical markers for the identi-
fication of a measurement perpendicular to the
right ventricular free wall [19]. To reduce the
margin of error, measurements were made at
five consecutive cardiac cycles with the aver-
age of all measurements taken as final EATT.

Statistical analysis

Data were analyzed using SPSS 22.0 for
Windows software (SPSS Inc, Chicago, IL, USA).
Frequency, ratio, mean, minimum, maximum,
and standard deviation values were used in the
descriptive statistics. The Kolmogorov-Smirnov
test was used to control the data distribution.
Independent samples t-test and Mann-Whitney
U-test were used to analyze quantitative vari-
ables. The chi-square test was used to analyze
qualitative variables. Spearman’s correlation
tests were used for the correlation analysis.
The lineer logistic regression analysis was per-
formed to determine the effect levels of the
parameters. Standard beta coefficients and
95% confidence intervals (Cl) were calculated.
Receiver operating curve (ROC) analysis was
used to calculate the required cut-off values to
distinguish metabolic syndrome patients with
maximum sensitivity and specificity. P values
<0.05 were considered statistically significant.

Results

Clinical and demographic information of
patients and the control group are given in
Table 1.

While there was no statistical difference
between gender and smoking between the
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Table 2. Comparison of patients and control group

biochemical and other parameters

Patients group Control group

Mean + SD Mean + SD Pvalue
Glucose (mg/dl) 95.6£11.1 84.6+10.2 0.0001
Total cholesterol 188.1+38.7 173.8+35.2 0.006
LDL-C 110.5£30.4 101.4+32.2 0.017
HDL-C 44.2+12.5 51.7+11.8 0.0001
Triglyceride (mg/dl)  176.0+81.1 91.7+47.0 0.0001
Creatinine (mg/dl) 0.7+0.2 0.7+0.1 0.849
Insulin (uu/ml) 19.3+10.2 7.2+3.9 0.0001
HOMA-IR 4.5+2.5 1.4+0.8 0.0001
EATT (cm) 0.6+0.2 0.4+0.1 0.0001
Vitamin D (ng/ml) 11.8+8.2 13.4+10.3  0.507

LDL-C: Low density lipoprotein cholesterol, HDL-C: High density
lipoprotein cholesterol, HOMA-IR: Homeostatic model assessment,

EATT: Epicardial adipose tissue thickness.

Table 3. The correlation analysis between the
epicardial adipose tissue thickness with other
parameters

EATT r value P value
Age (year) 0.204 0.018
BMI (kg/m?) 0.557 0.0001
Waist circumference (cm) 0.528 0.0001
Glucose 0.166 0.055
Total cholesterol 0.049 0.575
LDL-C 0.041 0.638
HDL-C -0.232 0.007
Triglyceride (mg/dl) 0.278 0.001
SBP (mmHg) 0.422 0.0001
DBP (mmHg) 0.402 0.0001
Vitamin D (ng/ml) -0.043 0.622
Insulin 0.528 0.0001
HOMA-IR 0.524 0.0001

EATT: Epicardial adipose tissue thickness, BMI: Body
mass index, LDL-C: Low density lipoprotein cholesterol,
HDL-C: High density lipoprotein cholesterol, SBP: Systolic
blood pressure, DBP: Diastolic blood pressure, HOMA-IR
Homeostatic model assessment.

groups (P > 0.05), there was a statistically sig-
nificant difference between patients and the
control group for BMI, waist circumference,
SBP, DBP (P = 0.0001) and hyperlipidemia (P =
0.011).

Laboratory parameters for patients and control
group are shown in Table 2.

While there was no difference between patients
and the control group in creatinine and vitamin
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D levels (P > 0,05) there was a statistical
difference for glucose, HDL-C, triglyceride,
insulin, HOMA IR, EATT (P = 0.0001), total
cholesterole (P = 0.006) and LDL-C (P =
0.017).

Correlation performed between EATT and
other parameters are shown in Table 3. A
negative correlation was found between
EATT and HDL-C while there was a positive
correlation between EATT and age, BMI,
waist circumference, TG, SBP, DBP, insulin
and HOMA-IR (P < 0.005). No significant
correlation was found between vitamin D
and age, BMI, waist circumference, TG,
HDL-C, SBP, DBP, insulin or HOMA-IR (P >
0.05). Lineer regression analysis was cal-
culated for parameters that correlated with
EATT (age, height, weight circumference,
SBP, DBP, TG, insulin, HOMA-IR and vitamin
D) and a reduced model was determined.
Insulin (Figure 1) and BMI (Figure 2) was dem-
onstrated to have a significant independent
effect (P < 0.05) on EATT (Table 4).

Receiver operating characteristics (ROC)
curves, specificity, sensitivity, negative predic-
tive value (NPV) and positive predictive value
(PPV) were calculated for the EATT value. EATT
prediction values > 4.7 mm were associated
with the diagnosis of MeS with a sensitivity of
61%, a specificity of 87%, a positive predictive
value of 89%, and a negative predictive value of
62% (area under the curve: 0.782 (0.705-
0.859), (P =0.0001) (Figure 3).

Discussion

Our study demonstrated significant differences
of EATT in patient with metabolic syndrome ver-
sus health controls. Correlation was found
between EATT and components of metabolic
syndrome. This correlation was positive for
BMI, waist circumference, TG, SBP, DBP, insu-
lin, HOMA-IR and negative for HDL-C. However,
there was no significant difference between 25
(OH) vitamin D levels between the groups and
no correlation was found between 25 (OH) and
any component of metabolic syndrome. Also,
no significant correlation was found between
25 (OH) vitamin D and EATT.

Metabolic syndrome is evaluated by its main
diagnostic criteria: obesity and waist circumfer-
ence measurements. However, waist circumfer-
ence has been shown to be inaccurate for the
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60

Insulin

EATT

Figure 1. Correlation between insulin and epicardial
adipose tissue thickness.

Table 4. Lineer regression analysis results for com-
parison between epicardial adipose tissue thickness

and insulin, ALT and BMI

Multivariate Model

Non-Standardised Standardised

Coefficient Coefficient t

B S.H Beta
Insulin  -0.15 0.03 0.36 04.06 0.0001
BMI 0.0001 0.0001 0.35 04.10 0.0001

BMI: Body mass index.

determination of visceral adiposity. EAT is a
component of visceral adipose tissue and is a
reliable method for the determination of
intraabdominal visceral adiposity. Studies have
found a significant correlation between EATT
and body mass index (BMI), waist circumfer-
ence, visceral adipose tissue and metabolic
syndrome. [9, 20, 21]. Our study also found sig-
nificantly increased EATT in the patient group.
TNF-a secreted by proinflammatory cytokines
and adiposites of EAT lead to insulin resistance
and lipolysis through autocrine mechanisms
and also prevent the production of adinopec-
tine [9, 22, 23].

A study on patients with high insulin levels and
severe insulin resistance found substantially
high levels of adinopectin [24]. When compared
to subcutaneous adipose tissue, EAT secretes
more chemokines and cytokines in patients
with coronary artery disease [25]. These che-
mokines and cytokines are the precursors of
inflammation. Inflammation plays a major role
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BMI

EATT

Figure 2. Correlation between BMI and epicardiac
adipose tissue thickness.

in the development of coronary artery dis-
ease, DM and metabolic syndrome.
Consequently, the various effects of EAT
plays a role in the development of metabolic
syndrome. This could explain the correlation
between EATT and metabolic syndrome.
Also, the measurement of EATT as a compo-
nent of visceral adipose tissue could be a
method of providing information on the
development of metabolic syndrome [26].

There is a paucity of data regarding the rela-

tionship between EATT and vitamin D. A
study on patients with coronary artery disease
demonstrated vitamin D receptors in EAT [12].
One animal study found an increase in hyper-
trophy of cardiomyocytes and secretion of pro-
inflammatory cytokines (TNF-«, IL-6, MCP-1)
from EAT in vitamin D deficiency [13]. In the
light of this information, we studied the correla-
tion between EATT and 25 (OH) vitamin D but
was not demonstrate any significant relation-
ship. This may be due to vitamin D defciency in
both the patient group and control group.

In the single-variable linear regression analysis
with EATT as the dependent variable and other
parameters as independent variables, a signifi-
cant correlation was found between EATT and
BMI, insulin (P = 0.0001). Visceral obesity plays
an important role in the development of meta-
bolic syndrome. Our study demonstrated a pos-
itive correlation between EATT and BMI in
patients with metabolic syndrome, supporting
the fact that EAT is an important component of
visceral adipose tissue.

Int J Clin Exp Med 2015;8(4):5707-5714
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Figure 3. ROC curve of epicardiac adipose tissue thickness in patients with

metabolic syndrome.

The relationship between vitamin D and insulin
resistance plus metabolic syndrome has been
under discussion in recent years. The most
important mechanism has been shown to be
the positive effect on pancreatic B cells. Many
studies have found a positive relationship
between insulin sensitivity and 25 (OH) vitamin
D. It has been concluded that deficiency of vita-
min D adversely effects B cells leading to insu-
lin resistance and metabolic syndrome [27-29].
Vitamin D also accelerates the conversion of
proinsulin to insulin. A study performed on rats
found that vitamin D deficiency leads to sup-
pression of insulin production and that replace-
ment therapy in vitamin D deficient rats lead to
an increase in fasting insulin production [30,
31]. In our study we were unable to demon-
strate a significant difference between the vita-
min D levels in patients with metabolic syn-
drome versus healthy controls. This could be
due to the relatively small number of patients in
this study. We also had a broad range of exclu-
sion criteria. Patients with DM and coronary
artery disease were excluded and only patients
with isolated metabolic syndrome were includ-
ed in this study. This led to the exclusion of
many patients. The homogenity of our patient
group may have lead to our inability to demon-
strate a link with 25 (OH) vitamin D. Also, both
the patient group and control group were found
to be deficient in vitamin D. This could be due to
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the study being performed
during the winter months.
As previously known, vita-

—EATT min D levels are highly
—EATT<47/47<

dependent on patients’
environment, clothing style,
feeding habits and socio-
cultural characteristics. A
study showed that vitamin
D deficiency is common
among adult Turkish popu-
lation [32]. Another study
found that vitamin D defi-
ciency was more frequent
in persons migrating from
Turkey to Europe when
compared european popu-
lation [33].

Reference Line

As a result, no statistically
significant correlation was
found between metabolic
syndrome and vitamin D
levels. EATT was found to be higher in patients
with metabolic syndrome and was associated
with insulin resistance. No relationship was
noted between EATT and vitamin D in this pilot
study. So further detailed studies are need to
certain this.
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