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Comparison of epicardial fat thickness between metabolically
healthy and unhealthy obese women

Metabolik olarak saglkl ve sagliksiz obeziteye sahip kadinlar arasinda
epikardiyal yag kalinhginin karsilastiriimasi
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ABSTRACT

Objective: Epicardial adipose tissue is suggested to play
an important role in the progression of metabolic syndrome
(MetS). There is not enough evidence regarding the rela-
tionship between echocardiographically measured epicardi-
al fat thickness (EFT) and metabolic health status in women
with equal obesity. In this study, we aimed to compare the
echocardiographically measured EFT between metaboli-
cally healthy and unhealthy obese women with similar body
mass index (BMI) and waist circumference (WC) values.
Methods: A total of 90 women (mean age 51.7+8.6 years)
with BMI =30 kg/m? were enrolled in the study. EFT was
measured with transthoracic echocardiography in all par-
ticipants. The patients were then classified into two groups;
metabolically healthy obesity (MHO) and metabolically un-
healthy obesity (MUO). EFT and clinical and biochemical
parameters were compared between the two groups.
Results: Among the study participants, 46 (51.1%) patients
were included in the MHO group. The groups were not dif-
ferent with respect to age, WC, waist to hip ratio, and BMI.
The mean value of EFT was 5.53+1.42 mm in patients with
MUO and 4.80+1.54 mm in patients with MHO with a statis-
tically significant difference (p=0.022). EFT, fasting insulin,
and vitamin D were found as independent variables associ-
ated with MUO in obese women.

Conclusion: This study demonstrates that EFT is increased
in women with MUQO, regardless of BMI and waist circum-
ference, than in women with MHO.

OzET

Amac: Epikardiyal yag dokusunun metabolik sendrom
(MetS) gelisiminde énemli bir rol oynadigi ileri strilmekte-
dir. Esit obezitesi olan kadinlarda ekokardiyografi ile dlgtlen
epikardiyal yag kalinhgr ile metabolik saghk durumu arasin-
daki iliski hakkinda yeterli kanit yoktur. Calismamizin ama-
c1, benzer viicut kitle indeksi (VKI) ve bel cevresi dlclilerine
sahip metabolik olarak saglikli ve sagliksiz obez kadinlar
arasinda, ekokardiyografi ile 6l¢ilen epikardiyal yag kalinli-
gini karsilastirmaktir.

Yéntemler: VKIi =30 kg/m? olan 90 kadin hasta (ortalama
yas: 51.7+8.6 yil) calismaya dahil edildi. TUum katilimcilara
transtorasik ekokardiyografi ile epikardiyal yag kalinhigi 6l-
¢umu yapildi. Hastalar daha sonra metabolik olarak saglikli
ve sagliksiz obeziteye sahip olmalarina gére 2 grup olarak
siniflandiriidilar. Gruplar arasinda, epikardiyal yag kalinligi,
klinik ve biyokimyasal parametreler karsilastirildi.
Bulgular: GCalisma katilimcilari icerisinde 46 (%51.1) hasta
metabolik olarak saglikli obeziteye sahip idi. Hastalar her
2 grupta yas, bel cevresi, bel-kalga orani ve VKi acisin-
dan benzer ¢zelliklerde idi. Epikardiyal yag kahnhg! orta-
lama degeri metabolik olarak sagliksiz obezite grubunda
5.53+1.42 mm, metabolik olarak saghkli obezite grubunda
ise 4.80+1.54 mm olarak Ol¢uldu ve aradaki fark istatistiksel
olarak anlamli bulundu (p=0.022). Epikardiyal yag kalinligi,
aclik insdlini ve D vitamini dizeyleri metabolik olarak saglik-
siz obezite ile iligkili bagimsiz degiskenler olarak saptandi.
Sonug: Galismamiz metabolik agidan saglikh obez kadinla-
ra kiyasla, metabolik agidan sagliksiz obez kadinlarda epi-
kardiyal yag kaliniginin VKi ve bel cevresinden bagimsiz
olarak arttigini géstermektedir.
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besity is an increasing health problem world-

wide. Obesity can be defined as excess body fat
associated with comorbid conditions and increased
cardiovascular and mortality risk.'"! However, pa-
tients with equal obesity show a remarkable hetero-
geneity in cardiovascular disease (CVD) risk. Thus,
not every patient with obesity develops CVD risk
factors.” Some investigators use the term “metaboli-
cally healthy obesity” (MHO) to describe this issue.!
There are no clear accepted criteria on the definition
of MHO as well as biological mechanisms to explain
the phenotype. In different studies, more than 30 dif-
ferent definitions have been used for MHO. In most of
the studies, it was defined as having less than or equal
to two of the five metabolic syndrome (MetS) com-
ponents, whereas many others define MHO using the
homeostasis model assessment of insulin resistance
(HOMA-IR)." Body mass index (BMI), blood pres-
sure (BP), triglyceride, high-density lipoprotein cho-
lesterol (HDL-C), fasting plasma glucose, low-den-
sity lipoprotein cholesterol (LDL-C), and C-reactive
protein (CRP) have also been used as diagnostic
criteria for determining obesity phenotype.® The
prevalence of MHO varies according to the criteria
used for the definition. The prevalence of MHO was
reported as ranging between 3.3% and 32.1% in men
and between 11.4% and 43.3% in women according
to the criteria used.'® As the incidence of obesity con-
tinues to rise, the importance of MHO phenotype is
increasing.!”

In clinical practice, the most common index used
to estimate adiposity is BMI expressed in kg/m?. Be-
sides the amount of fat, body fat distribution is an im-
portant issue. It’s known that visceral fat is metabol-
ically more active and dangerous than subcutaneous
fat.®! It has been suggested that waist circumference
(WC) and BMI are the most accurate surrogate mark-
ers of visceral obesity in young adults.”’ However,
overweight subjects with similar BMI values have
different levels of visceral adipose tissue (VAT).['%
Because of the significant contribution of visceral fat
accumulation to the development of metabolic disor-
ders, VAT is determined by different imaging modal-
ities like computerized tomography (CT) or magnet-
ic resonance imaging (MRI).""!" Epicardial adipose
tissue (EAT) is a kind of VAT between the surface
of the myocardium and the epicardium. It can eas-
ily be measured by standard two-dimensional (2D)
echocardiography.!'” EAT serves as an endocrine
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Therefore, in this study, we aimed to compare
echocardiographically measured EAT between wom-
en with metabolically healthy and unhealthy obesity,
who had similar BMI and WC values.

METHODS

Study group

In this cross-sectional study, 90 women (>18 years)
with BMI =30 kg/m? who presented to the obesity
management center of Antalya Training and Re-
search Hospital between January and June 2019 were
included. Patients with established heart disease such
as coronary heart disease, cardiac failure, cardiac
valve disease or arrhythmia, renal failure, hepatic
failure, presence of active infection, chronic systemic
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inflammatory disease, pulmonary disease, malignan-
cy, and inadequate transthoracic echocardiographic
images were excluded. The principles of the Helsinki
Declaration was followed throughout the study. The
study protocol was approved by the Clinical Research
Ethics Committee of Antalya Training and Research
Hospital (Approval Date: December 26, 2019; Ap-
proval Number: 27/6) and registered to Clinical Tri-
als (NCT04437979). Informed consent was obtained
from each patient.

Clinical information and current cardiovascu-
lar medication use were provided by each patient.
Height, weight, WC, and hip circumference (HC)
were measured when fasting and standing up with
standard measuring tools. Waist circumference was
measured to the nearest 0.5 cm on bare skin during
mid-respiration at the natural indentation between
the tenth rib and the iliac crest. BMI was calculated
as body weight divided by height squared (kg/m?).
Waist to hip ratio was calculated as WC divided by
HC. BP was measured after at least 10 minutes rest in
sitting position. The mean of three measurements of
each patient was recorded. Patients were defined as
having hypertension (HT) if their systolic BP (SBP)
was >140 mmHg, their diastolic BP (DBP) was >90
mmHg, or they were using an antihypertensive med-
ication."” Blood samples were obtained after over-
night fasting. Fasting blood glucose, urea, creatinine,
total cholesterol, LDL-C, HDL-C, triglycerides, CRP
ratio, fasting and postprandial insulin, C-peptide lev-
els, vitamin D, ferritin, and complete blood counts
were measured using standard methods. HOMA-IR
was calculated using the method described by Mat-
thews et al."¥ Neutrophil lymphocyte ratio (NLR)
was defined as the log e neutrophil count/log e lym-
phocyte count within the peripheral blood. Patients
were defined as having diabetes mellitus (DM) if
they had a history of taking an oral antidiabetic or
insulin medication, or if their fasting plasma glucose
was =126 mg/dL.1"!

We defined MetS according to the National Choles-
terol Education Program (NCEP) Adult Treatment Panel
III (ATP ) criteria, but waist circumference >80 cm
was accepted as MetS criterion for Turkish women.?!)

Participants were divided into 2 groups: those
with MHO and metabolically unhealthy obesity
(MUO). Subjects with MHO had less than three of
the following disorders, whereas subjects with MUO

had at least three of the following abnormalities: SBP
>130 mmHg or DBP =85 mmHg and/or use of anti-
hypertensive medications; fasting glucose =100 mg/
dL and/or use of anti-diabetic medications; hypertri-
glyceridemia =150 mg/dL, HDL-C levels <50 mg/
dL, and WC >80 cm.”” Patients in the MUO group
were also evaluated according to how many MetS
criteria they had. MetS score was defined as the num-
ber of criteria present.

Transthoracic echocardiography

Transthoracic 2D and Doppler echocardiographic
examinations were performed in all patients accord-
ing to the recommendations of American Society
of Echocardiography and European Association of
Cardiovascular Imaging.'**! Standard parasternal and
apical views were obtained in the left lateral decubi-
tus position using a Phillips iE33 ultrasound machine
(Andover, USA) with a 3.5 MHz transducer.

Epicardial fat thickness (EFT) was identified as
the echo-free space in the pericardial layers on 2D
echocardiography.”*! EFT was measured on the free
wall of the right ventricle at end-diastole from both
parasternal long axis and parasternal short axis views
using the mean of three consecutive beats. All mea-
surements were performed by a single investigator
who was aware of the clinical data of the patients,
before the classification of the patients according to
metabolic health status. For the reliability of the EFT
average measurement, the interclass correlation co-
efficient for the intraobserver variability was 0.969
[95% confidence interval (CI) 0.953-0.979; p<0.001].

Statistical analysis

The arithmetic meanzstandard deviation (SD) for
normally distributed continuous variables, median
(interquartile range) for non-normally distributed or
ordered variables, frequency, and percentage for cate-
gorical variables were used. The Kolmogorov-Smirn-
ov test was used to determine the normality assump-
tion of the continuous variables. The chi-squared test
was used to compare categorical variables. The Fish-
er’s exact test was used when the expected count was
less than five. Comparisons of normally distributed
continuous variables were performed with the Stu-
dent’s t-test. Mann-Whitney U test was used for con-
tinuous variables that were not distributed normally.
Correlation coefficients between variable pairs with
linear correlation were calculated according to Pear-
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son’s correlation test, and correlation coefficients be-
tween variable pairs without linear correlation were
calculated according to Spearman’s correlation test.
Multivariate logistic regression analysis was per-
formed with variables determined as p<0.25 as a re-
sult of univariate statistical analysis. Using forward
logistic regression, it was determined whether EFT
is an independent factor in predicting the presence
of MHO. Statistical analyses were performed using
SPSS v25.0 (IBM Corp.; Armonk, NY, USA). P val-
ue <0.05 was considered statistically significant.

RESULTS

A total of 90 women (mean age 51.7+8.6 years) with
obesity were included in the study. The demograph-
ic and clinical characteristics of the study population
are shown in Table 1.

Table 2 presents the comparison of MHO and MUO
groups. Among the study participants, 46 (51.1%)
patients were in MHO group. Patients with MHO
were not different from those with MUO in terms of
age, WC, waist to hip ratio, and BMI. Systolic and
diastolic blood pressure values were significantly
higher in the MUO group. There was not difference
between the groups in terms of smoking status and
heart rate. The mean value of EFT was 5.53+1.42
mm in patients with MUO and 4.80+1.54 mm in pa-
tients with MHO with a statistically significant dif-
ference (p=0.022). Antihypertensive and antidiabetic
medication use was significantly higher in the MUO
group as expected; however, the difference in the use
of medications which can modulate the EFT values
was not statistically significant between the groups.

In the laboratory tests, we found that patients in
the MUO group had significantly higher values of
fasting glucose, HOMA-IR, C-peptide, triglycerides
and lower values of HDL-C as expected. Fasting and
postprandial insulin values were higher in patients
with MUO but was not statistically significant. Vi-
tamin D was significantly lower in the MUO group.
Ferritin, total cholesterol, and LDL-C values did not
differ between the two groups. We evaluated neu-
trophils, lymphocytes, NLR, and CRP as inflamma-
tion markers between the groups. CRP values were
significantly higher in patients with MUO than in
those with MHO (6.0 [4.0-6.6] vs. 4.54 [3.22-5.22],
p=0.040), whereas there was no significant difference
in NLR between the groups (Table 3).

Table 1. General characteristics of the study popula-
tion (n=90)

Age, years, (mean+SD) 51.7+8.6
Hypertension, n (%) 37 (41.1)
Current smoker, n (%) 19 (21.1)
Diabetes mellitus, n (%) 32 (35.6)
Epicardial fat thickness (mm), 5.16+1.52

(mean+SD)

Body mass index (kg/m?),
(median Q1-Q3)

Waist circumference (cm),
(median Q1-Q3)

Waist to hip ratio, (median Q1-Q3)

Systolic blood pressure (mmHg),
(median Q1-Q3)

36.7 (33.3-40.2)
106.7 (100.0-113.3)

0.91 (0.88-0.95)
120 (110-123)

Diastolic blood pressure (mmHg), 80 (70-80)

(median Q1-Q3)

Heart rate (beats/m), (median Q1-Q3) 76 (68-88)

Drug therapy
Antihyperlipidemics 8(8.9)
Statins, n (%) 5 (5.6)
Fenofibrates, n (%) 3(3.3)
Oral antidiabetics, n (%) 24 (26.7)
Biguanide, n (%) 22 (24.4)
SGLT-2 inhibitors, n (%) 5 (5.6)
DPP4 inhibitors, n (%) 6 (6.7)
Tiazolidindiones, n (%) 2(2.2)
Sulfonamides, n (%) 1(1.1)
Antihypertensives, n (%) 32 (35.6)
ACE inhibitors, n (%) 10 (11.1)
Angiotensin receptor blockers, n (%) 18 (20.0)
Calcium channel blockers, n (%) 11 (12.2)
Diuretics, n (%) 22 (22.4)
Beta-blockers, n (%) 13 (14.4)

ACE: angiotensin converting enzyme; DPP4: dipeptidyl peptidase-4; SD:
standard deviation; SGLT-2: sodium-glucose cotransporter-2.

Correlations between EFT values and selected vari-
ables are presented in Table 4. There were positive cor-
relations between EFT and MetS scores of the patients,
as well as EFT and CRP, ferritin, SBP, and DBP.

Using forward logistic regression analysis, the in-
dependent determinants of MUO were investigated.
In the final model, EFT, fasting insulin, and vitamin
D were found as MUO-related independent variables
(Table 5).
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Table 2. Comparison of groups with MHO and MUO

MHO (n=46) MUO (n=44) P

Age, years, (mean+SD) 50.5+8.6 52.848.5 0.207
Current smoker, n (%) 9 (19.6) 10 (22.7) 0.891
Epicardial Fat Thickness (mm) (mean + SD) 4.80+1.54 5.53+1.42 0.022
Body mass index, (kg/m?), (median Q1-Q3) 36.4 (32.7-40.2) 37.1(33.9-40.4) 0.392
Waist circumference, (cm), (median Q1-Q3) 105 (100-114) 108 (99.8-113) 0.796
Waist to hip ratio, (median Q1-Q3) 0.90 (0.88-0.92) 0.91 (0.88-0.96) 0.405
Systolic blood pressure (mmHg), (median Q1-Q3) 120 (110-123) 128 (120-140) 0.002
Diastolic blood pressure (mmHg), (median Q1-Q3) 75 (70-80) 80 (76-80) 0.042
Heart rate (beats/m) (median Q1-Q3) 75 (68-86) 80 (76-80) 0.490
Drug therapy

Antihyperlipidemics 2(4.3) 6 (13.6) 0.153

Antihypertensives 6 (13.0) 26 (29.1) <0.001

Antidiabetics 5(10.9) 19 (43.2) 0.001

EFT modulating drug therapy

Statins, n (%) 1(2.2) 4(9.1) 0.198

DPP4 inhibitors, n (%) 2(4.3) 4(9.1) 0.469

SGLT-2 inhibitors, n (%) 1(2.2) 4(9.1) 0.198

DPP4: dipeptidyl peptidase-4; EFT: epicardial fat thickness; MHO: metabolically healthy obesity; MUO: metabolically unhealthy obesity; SD: standard deviation;

SGLT-2: sodium-glucose cotransporter-2.

Table 3. Laboratory findings of the study population

MHO (n=46) MUO (n=44) P
Neutrophil to lymphocyte ratio, (mean+SD) 1.72+0.56 2.04+1.04 0.090
Neutrophils (x 10%/uL), (mean+SD) 4.13+1.3 4.30+1.5 0.232
Lymphocytes (x 10%/uL), (mean+SD) 2.50+0.67 2.31+0.75 0.146
C-reactive protein (mg/dL), (median Q1-Q3) 4.54 (3.22-5.22) 6.0 (4.0-6.6) 0.040
Vitamin D (ug/L), (median Q1-Q3) 21.9 (13.7-26.1) 16.5 (11.3-19.8) 0.035
Ferritin (ug/L), (median Q1-Q3) 23.29 (12.0-29.5) 28.0 (14.0-46.5) 0.159
Fasting insulin (ulU/mL), (median Q1-Q3) 8.1 (5.5-11.4) 9.3 (5.7-14.1) 0.101
Postprandial insulin (ulU/mL), (median Q1-Q3) 24.1 (9.6+46.4) 25.41+(20.6-47.1) 0.375
HOMA-IR (%), (median Q1-Q3) 1.7 (1.3-2.4) 2.24 (1.48-4.65) 0.015
C— Peptide (ug/L), (median Q1-Q3) 2.4 (2.1-3.2) 3.1 (2.3-4.0) 0.006
Fasting glucose(mg/dL), (median Q1-Q3) 92.5 (87.0-97.3) 109.0 (97.3-102.0) <0.001
Total Cholesterol (mg/dL), (median Q1-Q3) 208.0 (187.7-243.3) 210.0 (189.3-234.0) 0.958
LDL—Cholesterol (mg/dL), (median Q1-Q3) 126.0 (112.8-153.8) 128.5 (110.0-152.3) 0.744
HDL-Cholesterol (mg/dL), (median Q1-Q3) 56.0 (53.0-62.3) 49.5 (44.0-64.09) 0.004
Triglycerides (mg/dL), (median Q1-Q3) 91.5 (70.5-120.25) 175.5 (100.5-175.5) <0.001

HDL: high density lipoprotein; HOMA-IR: homeostasis model assessment of insulin resistance; LDL: low-density lipoprotein; MHO: metabolically healthy

obesity; MUO: metabolically unhealthy obesity; SD: standard deviation.
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DISCUSSION

This study indicated the association of metabolic
health status and echocardiographically measured
EFT in women with equal obesity. EFT, fasting in-
sulin, and vitamin D were found as independent vari-
ables associated with MUO. Our findings emphasize
the relationship between increased EFT with MUO
regardless of BMI and WC in women with obesity.

Table 4. Correlations between epicardial fat
thickness and selected variables

r P
MetS score 0.279 0.012
HOMA-IR -0.009 0.938
Fasting glucose 0.122 0.256
C-peptide 0.089 0.417
Fasting insulin -0.054 0.615
Post prandial insulin 0.023 0.817
C-reactive protein 0.208 0.049
Neutrophil to lymphocyte ratio 0.016 0.885
Neutrophils -0.016 0.878
Lymphocytes -0.065 0.558
Total cholesterol -0.061 0.568
LDL-Cholesterol -0.034 0.752
HDL-Cholesterol -0.012 0.908
Triglycerides 0.113 0.288
Ferritin 0.316 0.007
Vitamin D 0.032 0.776
Aspartate transaminase -0.131 0.223
Alanine aminotransferase -0.073 0.499
Systolic blood pressure 0.366 <0.001
Diastolic blood pressure 0.237 0.024
Heart rate -0.027 0.800

HDL: high-density lipoprotein; HOMA-IR: homeostasis model assessment
of insulin resistance; LDL: low-density lipoprotein; MetS: metabolic syn-
drome.

The risks of CVD and all-cause mortality were
found to be greater in people with MUO than in those
with MHO.™ The risk of developing cardio metabol-
ic diseases in people with obesity is associated with
the severity and number of metabolic abnormalities.
The exact mechanisms responsible for metabolic
health in patients with MHO are not known. Excess
adiposity per se is not responsible for unhealthy me-
tabolism, although there are differences in adipose
tissue distribution between MHO and MUO pheno-
types. Therefore, the classification of obesity by BMI
status alone does not provide adequate information
about current metabolic health status and potential
risk of adverse outcomes.* EAT is suggested to play
an important role in the progression of MetS.">! EFT
measurement with transthoracic echocardiography
(TTE), as an objective marker of the visceral fat level
and as an effective predictor of MetS development
risk,?! could be used to identify individuals at risk.

Several studies investigated the association of
EFT with MetS. However, in the vast majority of
the studies, there was a significant difference in BMI
values between patients with and without MetS. In a
study, Liang et al.””! have compared men with obe-
sity and MetS and lean controls. They showed a sig-
nificant increase of MRI measured EFT in the group
with obesity and MetS. Demir et al.*®! have demon-
strated that patients with chronic obstructive pulmo-
nary disease with MetS had a higher mean EFT value
than those without MetS. Another study by Calabuig
et al.”! has suggested that increased EFT was asso-
ciated with a higher prevalence of MetS, with lower
HDL-C, hypertriglyceridemia, and the presence of
abdominal obesity. In all these studies, the patients
with MetS had significantly higher BMI and WC val-
ues compared with the controls. A study involving
the Korean population, in which the cut-off point of
obesity was decided as =27 kg/m? instead of 30 kg/m?
demonstrated no significant difference in the median

Table 5. Independent variables associated with MUO in obese women

95% Cl
Wald OR Lower Upper p
Epicardial fat thickness 6.686 1.614 1.127 2.311 0.009
Fasting insulin 5.377 1.123 1.018 1.239 0.020
Vitamin D 4147 0.942 0.889 0.998 0.042

MUO: metabolically unhealthy obesity; OR: odds ratio; Cl: confidence interval.
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EFT between patients with and without MetS in the
higher BMI group. Their possible explanations for
this were that the difference of EFT in patients with
and without MetS might have been obscured by the
change of EFT by obesity in the high BMI group and
might be a different proportion of the EAT to total
amount of VAT according to BMIL.B In contrast to
this study, we found a significant difference in EFT
between the MHO and MUO groups, in women with
BMI =30 kg/m?. According to our knowledge, scarce
evidence is available regarding the comparison of
echocardiographically measured EFT between the
MHO and MUO groups in women. Our results state a
significant difference of EFT between the groups re-
gardless of BMI and WC, and also suggest that EFT
is an independent predictor of MUO.

Several studies have shown a correlation be-
tween MetS components and inflammatory medi-
ators. Buyukkaya et al.’!! have indicated a signif-
icant correlation between the criteria of MetS and
inflammation on the basis of NLR. Tok et al.'"® have
demonstrated that EFT is increased in patients with
MetS; and in addition, high sensitive c-reactive
protein (hs-CRP) and MetS are independent predic-
tors of this increment. In another study, Bahadir et
al.’? have stated that NLR is not a good indicator
of inflammation, whereas leukocyte and hs-CRP are
more useful biomarkers to indicate inflammation in
non-diabetic patients with obesity and MetS. In this
study, we found that CRP values were significant-
ly higher in the MUO group than in women with
MHO, whereas there was no significant difference
in NLR. Furthermore, they were not determined as
independent variables associated with MUO in re-
gression analysis.

The exact etiology of visceral adiposity related
metabolic complications is not fully understood. One
of the suspected mechanisms is VAT, acting as an en-
docrine organ and contributing to systemic inflam-
mation.”® VAT is more strongly associated with an
adverse metabolic risk profile than subcutaneous ab-
dominal tissue.* As individuals with equally obesity
have different levels of VAT, BMI and WC measure-
ments are not enough for assessing VAT and related
metabolic risk profile in patients with obesity. In a re-
view by Neeland et al.,”! the authors have indicated
the need to develop methods for identifying subjects
with excess visceral adiposity and ectopic fat in clin-

ical practice and further refine the definition of high-
risk overweight and obesity. EAT is a measurable and
modifiable target, correlated with VAT; and measure-
ment of EAT with echocardiography is a reproduc-
ible, easily accessible, and cost-effective method. It
is suggested that EAT measurement serves as a pow-
erful potential diagnostic tool in assessing CVD risk
and for risk stratification of MetS.®% In a study by
Manno et al.,”” including seemingly healthy over-
weight and obese subjects, a direct relation between
para- and peri-renal fat and epicardial fat, measured
by ultrasounds, independently of age, BMI, WC, and
insulin resistance was shown.

Recent studies investigating the effects of ther-
apy with antidiabetic drugs, such as glucagon-like
peptide 1 (GLP-1) receptor agonists and sodium
glucose cotransporter 2 (SGLT-2) inhibitors showed
that EAT thicknesses decreased significantly after
these therapies.**) There are also data indicating
that statin therapy modulates the thickness and in-
flammatory profile of EAT."! In this study, anti-
hypertensive, antidiabetic, and antihyperlipidem-
ic medications were higher in the MUO group, as
expected. The difference in the use of medications,
which can modulate the EFT values, was not signif-
icant between the groups. The regression model in
our study found them not effective in the associa-
tion of EFT with MUO.

There is no exact value that indicates the normal
for EFT. There are discrepancies in the literature re-
garding EFT. Iacobellis et al."? have found that EAT
thickness measured during end-systole to be min-
imum 1 mm and maximum 22.6 mm with a mean
value of 7 mm in men and 6.5 mm in women among
individuals evaluated by echocardiography for stan-
dard clinical indications. It should be underlined that
end-systolic measurements will reveal higher values
than end-diastolic measurements. Nelson et al.*!!
have found a mean of 4.7+1.5 mm in 356 asymptom-
atic patients when measured at end-diastole. Mookad-
am et al.*” have reported that an EFT >5 mm during
end-diastole was associated with cardiac abnormali-
ties that have been detected by echocardiography. A
study in the Turkish population found the mean EFT
value to be 4.8+0.1 mm for healthy participants.!'s!
Bertaso et al.™! have suggested that measurements
>5 mm should indicate an appropriate cut-off val-
ue to define increased EFT, especially in low-risk
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populations. Eroglu*! also reported that although it
should be supported by large studies, measurements
>5 mm during end-diastole could be a cut-off value
for increased epicardial fat. In this study, the mean
EFT value in women with MHO was 4.80+1.54 mm,
whereas it was 5.53+1.42 mm in those with MUO,
similar to the cut-off values of these studies.

In this study, in addition to EFT, fasting insulin
and vitamin D were found to be independent vari-
ables associated with MUO. Hyperinsulinemia and
insulin resistance are components of MetS and oc-
cur as a result of insulin responsiveness of metabolic
tissues.*! It has been reported that obesity is a risk
factor for the deficiency of vitamin D.“! However,
the associations of vitamin D deficiency with insulin
resistance and other aspects of MetS have not been
proven yet. There are studies demonstrating an in-
verse correlation between serum vitamin D levels
and MetS, CVD, and their complications.*”! The
probable mechanisms were reported as improving
insulin sensitivity, reducing inflammation that direct-
ly improves insulin resistance, and pancreatic 3-cell
function. Furthermore, vitamin D may also play a
role in influencing insulin secretion by the regulation
of plasma ionized calcium levels."®! There are also
studies not demonstrating this relationship.*’ Data
are also conflicting regarding the treatment effect of
vitamin D.*' We need more data to determine wheth-
er maintaining an adequate serum vitamin D level by
exposure to sunlight and oral intake of vitamin D has
an impact on reduction of the incidence of metabolic
disorders. Large-scale, prospective studies are need-
ed to determine causality.

The findings of this study emphasize the indepen-
dent association between EFT measured by echo-
cardiography and metabolic health in women with
obesity. The unique character of our study design
was that both the groups of participants were equal-
ly obese in terms of BMI and WC. Classification of
obese individuals based on their metabolic phenotype
may be important for treatment planning. High-risk
obese individuals can be given priority in terms of
pharmacological treatment and lifestyle intervention.
Assessment of VAT by measuring EFT using echo-
cardiography can be an easy method for determining
metabolic risk profile in clinical practice. Consider-
ing that there is no clear definition of MHO, it can
also be a useful indicator for MHO.

Limitations

Our study had some limitations. First, the sample
size of the study population was relatively small.
Second, our findings can only be applied to women
with obesity, not to obese men. Third, we assessed in-
flammation by CRP, instead of hs-CRP. The absence
of a healthy, lean control group can be considered as
another limitation; however, the mean EFT value of
the MHO group was close to the cut-off values re-
ported in the previous studies. The main purpose of
this study was to demonstrate the difference of EFT
values between metabolically healthy and unhealthy
groups of women with obesity. Finally, echocardiog-
raphy may not be the optimal technique for quanti-
fication of epicardial fat. It is a linear measurement,
and therefore may not correlate with the total vol-
ume. However, owing to the limitations of MRI and
CT, such as high costs, experience requirements,
and radiation exposure; echocardiography is a reli-
able, easier, and accurate method. Further large scale
studies are needed to determine the exact interaction
among EFT, inflammation, and MUO to elucidate the
clinical implications relevant to these associations.

Conclusion

This study proposes that echocardiographically mea-
sured EFT is increased in women with MUO than in
those with MHO, regardless of BMI and WC. EFT,
fasting insulin, and vitamin D were found as indepen-
dent variables associated with MUO in obese women.
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