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Background: Gestational diabetes mellitus (GDM) is defined as glucose intolerance that has begun dur-
ing pregnancy. Recent studies have proven that development of atherosclerosis may be established in
this population even without presence of type 2 diabetes. For assessment of atherosclerosis, epicardial
fat thickness (EFT) is recently being used as a surrogate marker. In this study, we aimed to prove that
women with GDM history are more inclined to have higher EFT levels than women without GDM his-
tory. Methods: Sixty-two patients with previous GDM and 33 age- and sex-matched controls were allo-
cated. Epicardial fat thicknesses of the subjects were measured with transthorasic echocardiography
and carotid intima media thickness (c-IMT) was measured with ultrasound. Insulin resistance (IR) of
each subject was assessed with Homeostasis model of assessment—insulin resistance (HOMA-IR).
Results: Carotid IMT and EFT were significantly higher in previous GDM group than controls. Serum
gamma-glutamyl transferase (GGT), uric acid, and high-sensitivity C-reactive protein (hs-CRP) levels
were also found significantly higher in the patients with previous GDM as compared to the controls. We
observed that carotid IMT (b = 310, P = 0.003), total cholesterol (b = 315, P = 0.002), BMI (b = 308,
P = 0.002), HbA1c (b = 227, P = 0.018), and HOMA-IR (b = 184, P = 0.049) were independently cor-
related with EFT. Conclusions: Although the number of patients included in this study is limited, high
EFT results may indicate presence of atherosclerosis in women with previous GDM. (Echocardiography
2014;31:1182–1187)
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Gestational diabetes mellitus (GDM) is
defined as glucose intolerance that has begun
during pregnancy.1 Approximately 1 in every 10
pregnancies is affected.2 Although dysglycemia
often improves with birth, patients with GDM are
at lifelong, increased type 2 diabetes develop-
ment risk.3 Insulin resistance (IR) is the major
cause of GDM and is also associated with cardio-
vascular diseases.2 Chronic inflammation due to
IR results with atherosclerosis and makes the
mother a future candidate for cardiovascular dis-
eases.4 Recent studies have proven that develop-
ment of atherosclerosis may be present even if
the patient does not have type 2 diabetes.5,6

Carotid intima media thickness (c-IMT) is a sur-
rogate marker for atherosclerosis and found to be
related with IR.7 Another marker, epicardial fat
thickness (EFT) is recently used for assessment of
atherosclerosis, even in selected populations.8

This novel method reflects the metabolic effects of
IR on epicardial adipose tissue which has both pro-
inflammatory and anti-inflammatory activities.9

Measurement of EFT is practical, inexpensive, and
efficient. Validation studies have shown correla-
tion between EFT and c-IMT levels,10 announcing
EFT as a useful and noninvasive method to predict
cardiometabolic disorders. EFT is also found to be
related to IR and arterial stiffness.11

In our study, EFT and c-IMT were measured in
women with a history of GDM and healthy con-
trols along with other metabolic parameters. To
our knowledge, there is no study investigating EFT
in GDM population. We aimed to prove that women
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with GDM history are more inclined to have higher
EFT levels compared towomenwithoutGDMhistory.

Methods:
Study protocol was approved by Selcuk University
Medical Faculty Ethics Committee and an
informed written consent was received from each
subject. Sixty-two patients with previous GDM
and 33 age- and sex-matched controls were allo-
cated from endocrinology and obstetric and gyne-
cology outpatient clinics between 2012 and 2013.
Eligible subjects were women aged between 20
and 50 years and had GDM. Exclusion criteria
included presence of a valvular or congenital heart
disease; cardiac rhythm other than sinus; previous
myocardial infarction; hypo- or hyperthyroidism;
chronic obstructive pulmonary disease or cor-
ulmonale; systemic diseases (etc. hemolologic,
hepatic, and renal diseases) or any disease that
could impair coronary flow reserve; hypertrophic
cardiomyopathy; family history of coronary artery
disease; excessive alcohol consumption (>120 g/
day); previous lipid metabolism disorders; history
of dyslipidemia; smoking; and diabetes mellitus.
Diabetes was diagnosed with these criteria: fast-
ing plasma glucose (FPG) level measured on 3
separate days in a week found to be >126 mg/dL
or impaired oral glucose tolerance test (FPG
<126 mg/dL but 2 hour plasma glucose after a
75 g oral glucose challenge >140 mg/dL).

Subjects were excluded from the study if they
had ST segment or T-wave changes specific for
myocardial ischemia, Q-waves, and incidental left
bundle branch block on ECG. The controls were
women with pregnancy history those had no sign
of gestational complication. Waist circumference
(cm), body mass index (BMI) (kg/m2), systolic
blood pressure (BP) (mmHg), diastolic BP
(mmHg), heart rate (beats/min), total cholesterol
(mg/dL), high-density lipoprotein (HDL) choles-
terol (mg/dL), low-density lipoprotein (LDL) cho-
lesterol (mg/dL), triglyceride (mg/dL), c-glutamyl
transferase (IU/L), uric acid (mg/dL), high sensi-
tive- C-reactive protein (CRP) (mg/L), fasting glu-
cose (mg/dL), fasting insulin (lU/mL), HbA1c
levels were measured. LDL was calculated using
Friedelwald’s Formula.12 Blood glucose was mea-
sured by routine laboratory techniques. Plasma
concentration of fasting insulin was measured
using immunoturbidimetric method. The homeo-
stasis model assessment index for insulin resis-
tance (HOMA-IR) was calculated with the formula:
fasting serum insulin (microunits/mL) 9 (FPG)
(micromoles/L)/22.5, which has been found to be
correlated with glucose clamp measurement in
nondiabetic, diabetic, and hypertensive popula-
tions.13 The coefficients of variation were <5% for
every measurement.

Echocardiographic Examination:
Each subject was examined using an Acuson
Sequoia C256 Echocardiography System equi-
pped with a 3V2c broadband transducer with
second harmonic capability (Acuson, Mountain
View, CA, USA). Complete transthorasic
M-mode, two-dimensional, and subsequent stan-
dard and pulsed tissue Doppler echocardio-
graphic examinations were performed on each
subject in the lateral decubitus position. Images
were digitally stored and reviewed by a single
cardiologist blinded to the patients’ information
to avoid interreader variability. The left ventricu-
lar ejection fraction and the left ventricular (LV)
and left atrial (LA) diameters were measured on
M-mode traces recorded in the parasternal long-
axis view according to established standards.14

Left ventricular mass (LVM) was calculated by
using the Devereux Formula.15 The EFT is identi-
fied as the relatively echo-free space between the
outer wall of the myocardium and the visceral
layer of the pericardium; its thickness is measured
perpendicularly on the free wall of the right ven-
tricle at end-systole in 3 cardiac cycles and mea-
sured perpendicularly from the free wall of the
right ventricle at end-diastole. The maximum EFT
was measured from the point on the free wall of
the right ventricle along the mid-line of the ultra-
sound beam perpendicular to the aortic annulus
as a landmark.16

Carotid Intima Media Thickness Measurement:
A high-resolution 7.5 MHz linear array ultra-
sound transducer (attached to a Hitachi EUB
6500, Osaka, Japan) was used to measure
c-IMT. It was measured from the far wall of the
right carotid artery within 10 mm proximal to
the bifurcation on two-dimensional ultrasound
images. Three points were measured on 1 scan,
which was synchronized with the R-wave peaks
on the ECG to avoid possible errors resulting
from variable arterial compliance. Mean c-IMT
was calculated from 6 measurements on 2
scans.17 To test the coefficient of repeatability
of the EFT and c-IMT measurement, measure-
ments were repeated 2 days later in 10 control
subjects. Intra-observer intraclass correlation
coefficient for EFT was 0.910, and 0.951 for
c-IMT.

Statistical Analyses:
All analyses were conducted using SPSS 9.0 (SPSS
for Windows 9.0, Chicago, IL, USA). Data were
expressed as mean � standard deviation. The 2
groups were compared using the Student’s t-test
for multiple comparisons. Chi-square statistics
were used to assess differences between categori-
cal variables. Pearson’s correlation analysis was
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used to test univariate relations. Prediction of
independent variables was obtained by a step-
wise, multivariate linear regression model includ-
ing potential confounders. A P-value of <0.05
was considered significant.

Results:
Clinical Characteristics of the Study
Population:
Clinical and demographic features and among
the study population are presented in Table I.
Mean postpartum duration of both groups were
approximately 6 years. Age, postpartum dura-
tion, waist circumference, BMI, systolic and dia-
stolic BP, heart rate, lipid profiles, fasting glucose
and insulin levels, HbA1c ratio, HOMA-IR, insulin
levels, and fasting glucose levels were similar
between the groups. However, serum c-glutamyl
transferase, uric acid, and hs-CRP levels were sig-
nificantly higher in patients with previous GDM
compared to the controls.

Analyses of the Echocardiographic
Measurements:
Intraventricular septum (IVS) thickness, LV pos-
terior wall (PW) thickness, left ventricular diastolic
diameter (LVDD), left ventricular systolic diame-
ter (LVSD), LV ejection fraction (EF), left atrium
diameter, and left ventricular mass index (LVMI)
were similar between the previous GDM and
control groups (Table II). Mitral E-wave was alike
in both groups. However, mitral A-wave max,

mitral E-wave deceleration time (DT) and isovolu-
metric relaxation time (IVRT) were significantly
different between the 2 groups. Lateral Em was
slightly, and lateral Am and lateral Em/Am ratio
were significantly dissimilar between the groups.
Carotid IMT and EFT were also significantly
higher in previous GDM group than control
group (Table III).

Relationship of EFT and Various Study
Variables:
Epicardial fat thickness significantly and positively
correlated with HbA1c ratio (r = 243,
P = 0.027), hs-CRP level (r = 433, <0.001),
HOMA-IR (r = 385, <0.001), total cholesterol
(r = 316, P = 0.002), LDL cholesterol (r = 318,
P = 0.002), waist circumference (r = 235,
P = 0.015), c-IMT (r = 531, P < 0.001), and BMI
(r = 310, P = 0.002). However, EFT was signifi-
cantly and negatively correlated with lateral Em/
Am ratio (r = �217, P = 0.038).

In stepwise multivariate linear regression
analysis, when EFT was taken as the dependent
variable; age, waist circumference, BMI, systolic
and diastolic BP, HbA1c, hs-CRP, HOMA-IR, total
and LDL cholesterol, lateral Em/Am ratio, and c-
IMT were included as independent variables, we
observed that c-IMT (b = 310, P = 0.003), total
cholesterol (b = 315, P = 0.002), BMI (b = 308,
P = 0.002), HbA1c (b= 227, P= 0.018), and
HOMA-IR (b = 184, P = 0.049) were indepen-
dently correlated with EFT.

TABLE I

Demographic and Biochemical Characteristics in Patients with GDM History and the Control Subjects

Previous GDM
(n = 62)

Healthy Controls
(n = 33) P-Value

Age (years) 33.7 � 5.7 32.8 � 4.9 0.39
Waist circumference (cm) 85.0 � 5.9 84.4 � 4.9 0.56
Body mass Index (kg/m2) 26.9 � 3.9 26.1 � 2.7 0.26
Systolic BP (mmHg) 119.1 � 9.3 115.8 � 12.7 0.20
Diastolic BP (mmHg) 75.2 � 4.9 73.7 � 8.0 0.96
Heart rate (beats/min) 73.0 � 3.5 72.7 � 4.6 0.79
Total cholesterol (mg/dL) 188.7 � 27.1 181.8 � 32.1 0.30
HDL cholesterol (mg/dL) 45.9 � 9.4 45.7 � 10.6 0.93
LDL cholesterol (mg/dL) 118.1 � 23.9 111.0 � 30.3 0.26
Triglyceride (mg/dL) 130.7 � 44.5 125.4 � 58.4 0.65
GGT (IU/L) 22.7 � 8.5 17.7 � 5.1 0.013
Uric acid (mg/dL) 4.86 � 1.36 4.17 � 1.40 0.003
Hs-CRP (mg/L) 3.29 � 2.06 2.23 � 2.35 0.05
Fasting glucose (mg/dL) 92.3 � 6.9 92.9 � 4.5 0.64
Fasting insulin (lU/mL) 11.6 � 6.1 10.3 � 4.1 0.65
HbA1c (ratio) 5.11 � 0.41 5.02 � 0.26 0.22
HOMA-IR 2.80 � 1.52 2.38 � 1.02 0.34

BP = blood pressure; HDL = high-density lipoprotein; LDL = low-density lipoprotein; GGT = gamma-glutamyl transferase;
hsCRP = high-sensitivity C-reactive protein; HOMA-IR = homeostasis model assessment index for insulin resistance; GDM = gesta-
tional diabetes mellitus.
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Discussion:
In this study, women with GDM history were
found to have higher EFT levels than control sub-
jects. This is the first study to assess atheroscle-
rotic process in patients with GDM history using
EFT. Another novel result of this study is the find-
ing of LV diastolic dysfunction in GDM group
compared to controls.

Difference between EFT values of women with
GDM and healthy controls may be attributed to
IR. Epicardial adipose tissue has metabolic effects
and it is also affected from metabolic disorders.
There are several studies with increased EFT
results in patients with IR.15,18 Most of these
studies have investigated metabolic syndrome
and its association with EFT. IR is a contributing
factor to pathophysiological mechanism of GDM
and increased EFT levels in patients with GDM
can be a result of this contribution.

Previous researches have shown relation
between BMI and EFT. As reported by Nakazato
et al.,19 weight loss reduces epicardial fat; there-
fore, it is possible to relate excess weight gain of
the mother in GDM with increased EFT results. In
our study, EFT values were also correlated with
BMI.

Although we have not aimed to assess inflam-
mation parameters, we found a relationship
between hs-CRP levels and EFT in our study
results. Inflammation in study population may be
caused by induction of reactive oxygen species
due to increased blood glucose concentration.
Hyperglycemia is known to provoke oxidative
stress and cause high levels of free radicals.20 In
our study, biochemical parameters like GGT and
uric acid, related to oxidative stress, were found
higher in subjects with GDM than control sub-
jects.

With free radicals, high blood glucose levels
damage cardiovascular tissues and as a result

TABLE II

Echocardiographic Findings and Standard and Tissue Doppler Parameters of the Left Ventricle

Previous GDM
(n = 62)

Healthy Controls
(n = 33) P-Value

IVS thickness (cm) 0.85 � 0.13 0.89 � 0.10 0.16
PW thickness (cm) 0.83 � 0.12 0.84 � 0.09 0.40
LVDD (cm) 4.54 � 0.41 4.46 � 0.33 0.31
LVSD (cm) 2.93 � 0.72 2.81 � 0.23 0.33
LAD (cm) 3.14 � 0.33 3.07 � 0.34 0.36
EF (%) 68.4 � 4.0 67.1 � 4.2 0.32
LVMI (g/m2) 74.4 � 14.5 75.5 � 13.7 0.13
Mitral E-wave max (cm/sec) 83.7 � 11.8 84.6 � 8.1 0.63
Mitral A-wave max (cm/sec) 73.3 � 12.5 62.1 � 8.2 <0.001
Mitral E-wave-DT (ms) 195.9 � 29.6 184.3 � 23.0 0.04
IVRT (ms) 104.3 � 11.6 97.1 � 14.2 0.01
Lateral Em (cm/sec) 14.0 � 2.7 13.0 � 3.0 0.10
Lateral Am (cm/sec) 11.7 � 1.9 9.6 � 1.3 <0.001
Lateral Em/Am ratio 1.22 � 0.23 1.35 � 0.19 0.006
IMT (cm) 0.50 � 0.06 0.46 � 0.05 0.001
EFT (mm) 5.39 � 1.35 4.32 � 1.09 <0.001

IVS = interventricular septum; PW = posterior wall; LVDD = left ventricular diastolic diameter; LVSD = left ventricular systolic
diameter; EF = ejection fraction; LVMI = left ventricular mass index; LAD = left atrium diameter; Em = early peak velocity;
Am = atrial peak velocity; IMT = intima media thickness; EFT = epicardial fat thickness; IVRT = isovolumetric relaxation time;
GDM = gestational diabetes mellitus; DT = deceleration time.

TABLE III

Correlation Analysis between EFT and Various Parameters

R Value P-Value

HbA1c ratio 0.243 0.027
Hs-CRP (mg/L) 0.433 <0.001
HOMA-IR 0.385 <0.001
Waist circumference (cm) 0.235 0.015
IMT (mm) 0.531 <0.001
BMI (kg/m2) 0.310 0.002
Total cholesterol (mg/dL) 0.316 0.002
Triglyceride (mg/dL) 0.120 0.258
HDL cholesterol (mg/dL) 0.041 0.700
LDL cholesterol (mg/dL) 0.318 0.002
Lateral Em/Am ratio -0.217 0.038
Systolic BP (mmHg) 0.162 0.14
Diastolic BP (mmHg) 0.079 0.47
Age (years) 0.068 0.52

BP = blood pressure; HDL = high-density lipoprotein; LDL = low-
density lipoprotein; hsCRP = high-sensitivity C-reactive protein;
HOMA-IR = homeostasis model assessment index for insulin resis-
tance; IMT = intima media thickness; EFT = epicardial fat thick-
ness; BMI = bodymass index.
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inflammatory mediators are activated. In a cross-
sectional study, 25 women with gestational dia-
betes history were compared with women with-
out GDM, 1 year after their delivery and CRP and
interleukin-6 levels were found higher in patients
with GDM compared to normal women.21 In Fra-
mingham study, CRP has been found linked to
metabolic syndrome 22 and other studies have
proven association between CRP and metabolic
disorders such as obesity or hyperlipidemia.23,24

In recent years, inflammation has found to be
linked to atherosclerosis. For assessment of ath-
erosclerosis, new surrogate markers have been
developed including c-IMT. In our study, EFT lev-
els were also positively correlated with c-IMT lev-
els. This relationship has been found in various
studies investigating diseases that are manifesta-
tions of IR.25 Cetin et al.26 reported the same cor-
relation in patients with type 2 diabetes and
Colak et al.27 found that patients with nonalco-
holic fatty liver disease have high EFT and c-IMT
levels independent of metabolic syndrome. These
results may indicate an association between EFT
and atherosclerosis.

To our knowledge, there are no long-term
data revealing the rate of mortality and morbidity
due to cardiovascular diseases related to high EFT
levels. New studies with longer follow-up dura-
tion and larger sample size are needed to confirm
the effect of high EFT levels on cardiovascular dis-
eases.

Another novel result of our study is the finding
of LV diastolic dysfunction in patients with GDM
history compared to controls. This can be associ-
ated with previously discussed myocardial dam-
age due to hyperglycemia. There are animal
models supporting this postulation independent
of other risk factors.28 In one study by Park
et al.,29 after adjusting for other risk factors EFT
has been found significantly associated with LV
diastolic dysfunction even after adjusting for other
risk factors in patients with metabolic syndrome.

Epicardial fat thickness is a recently proposed
surrogate marker to evaluate atherosclerosis. In
our study, our main aim was to show a relation
between EFT and GDM, because if there is a pos-
sibility of foreseeing atherosclerotic process in
this population, it can be useful to follow-up and
if needed manage these patients with regular
echocardiographic imaging. As stated before EFT
measurement is easy, noninvasive, and practically
can be done in every office where an echocardio-
graphic imaging is present. It is radiation free
and contrast agent is not needed for the proce-
dure, all indicating that if validated EFT can be
used in every age group and population includ-
ing pregnant women without safety concerns.
Women with GDM history are at lifelong risk of
atherosclerosis and with an accessible method

like this; early identification of patients who are
prone to atherosclerosis can help creating pre-
ventive measures for this population.

There are several limitations in this study. First,
it was an observational study with limited num-
ber of subjects; second, although number of
cases were adequate for power analysis, because
some of the risk factors were excluded, results
cannot be generalized to the whole population.
We also have not analyzed inflammation associ-
ated markers except hs-CRP.

Study results suggest, women with GDM his-
tory may have atherosclerosis risk even without
development of type 2 diabetes. With more pro-
spective studies validating EFT levels and investi-
gating mortality risk and EFT levels, women with
GDM may benefit from a noninvasive, easy to
access, and to perform method for early manifes-
tations of atherosclerosis.
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