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Abstract Background There are very few studies on the association between fetal epicardial fat
thickness (EFT) and gestational diabetes mellitus (GDM).
Aims To evaluate the role of fetal epicardial fat thickness as a marker and use it in
pregnancies to screen for GDM.
Settings and Design A cross-sectional analytical study was conducted in the Depart-
ment of Radiodiagnosis and Imaging at Sri Guru Ram Das Institute of Medical Sciences
and Research, Amritsar, after the due clearance from the institutional research and
ethics committee.
Materials and Methods The study included pregnant patients at 24þ 0/6 to 28þ 0/6
weeks of gestation scheduled for a 75 g oral glucose tolerance test from December 1,
2020 to March 30, 2022. Antenatal ultrasound was performed on Voluson E8 Expert
BT12 (Wipro GE) ultrasound machine. Out of 180 patients, 60 patients were selected,
that is, 30 patients with raised 75 g OGTT results (cases of GDM) and 30 patients with
normal 75 g OGTT results.
Statistical Analysis The collected data were transformed into variables, coded, and
entered into Microsoft Excel. Data were analyzed using the Shapiro–Wilk normality
test, student’s t-test or Mann–Whiney U test, chi-square test, or Fisher’s exact test and
statistically evaluated using the SPSS-PC-25 version.
Results Fetal EFTwas found to be significantly more in the GDM group in comparison
to controls without GDM, and the increased fetal EFT was positively associated with 2-
hour OGTT serum glucose values.
The mean fetal epicardial fat thickness (EFT) in mothers with GDM was significantly
larger, i.e., 0.17� 0.02 cm than in mothers without GDM, i.e., 0.12�0.01 cm
(p<0.001). The receiver operating characteristic (ROC) curve plotted from values
calculated from our results shows high sensitivity (i.e., 96.67%) and specificity (i.e.,
90%) of fetal EFT as a predictor for GDM with an AUROC value of 0.96 and 95%
confidence interval of 0.92 to 1.0.
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Introduction

Epicardial fat is located between the visceral pericardium
and myocardium, mostly distributed adjacent to the right
ventricle and adds significantly to myocardial energy pro-
duction.1,2 It is an active and complex endocrine organ that
secretes multiple anti-inflammatory and proinflammatory
molecules.3,4 Gestational diabetes mellitus (GDM) is a disor-
der of metabolism that results in resistance to insulin during
pregnancy.5 Its diagnosis is necessary, as it results in fetal,
neonatal, and maternal problems.6–8 The resistance to insu-
lin precedes the detection of an increase in glucose levels in
the blood.9,10 There have been studies on the association of
epicardial fat thickness (EFT) measured on ultrasonography
and insulin resistance in the adult population; however,
there are limited data on EFT in fetuses and GDM.

Previous studies show that EFT is increased in fetuses of
mothers with GDM.11,12 These studies were limited by a
small sample size and the lack of a standardized measure-
mentmethod. Resultswere not controlled by gestational age.
The newer ultrasound technique enables us to identify and
measurement of fetal EFT accurately. Using a standardized
method, we conducted a cross-sectional study of fetal EFT
measurement between 24þ0/6 and 28þ0/6 weeks of ges-
tation. We hypothesized that fetal EFT differs significantly
between diabetic and nondiabetic pregnancies, reflecting
maternal diabetic status, and correlated its valueswith blood
glucose values obtained during a scheduled 75 g oral glucose
tolerance test (OGTT) according to the American Diabetes
Association criteria (fasting� 92mg/dL, 1 hour� 180mg/dL,
or 2 hour � 153mg/dL).

The aim of our study was to standardize the fetal epicar-
dial fat thickness measurement and ascertain its role in the
diagnosis and effective prediction of GDM and correlate the
results with OGTT results.

Methods

A cross-sectional analytical study was conducted after due
approval and clearance from the ethics committee of the
institute. Pregnant patients at 24þ0/6 to 28þ0/6 weeks of
gestation who were scheduled for a 75 g oral glucose toler-
ance test (OGTT) according to the American Diabetes Associ-
ation criteria (fasting � 92mg/dL, 1 hour � 180mg/dL, or
2 hours � 153mg/dL) from December 1, 2020 to March 30,
2022 were included in the study. As OGTT is performed as a
routine test in every pregnancy between 24 weeks to
28 weeks of gestation, it did not add any extra cost to the
patient. Proper prior informed consent was taken from the
patient before performing the ultrasound. The ultrasound

examination of these patients was performed before the
results of the OGTT to eliminate the information bias to
the sonographer. Out of 180 patients in this time frame, 30
patients with raised 75 g OGTT results (cases of GDM) and 30
patients with normal 75 g OGTT results were randomly
included as a convenient sample size. Patients with pre-
existing type 1 or type 2 diabetes, congenital fetal anomalies,
and women on medications except for oral iron supplemen-
tation or multivitamins were excluded from this study
because pre-existing diabetes mellitus, and medications
act as confounding factors and congenital anomalies can
also alter the results as these patients will have an already
raised fetal EFT due to pre-existing diabetes, and effect of
medications can also alter the metabolism. Gestational age
was calculated from the last menstrual period confirmed by
gestational age according to ultrasound well-being scan as
gestational age according to ultrasound depicts more accu-
rate growth and development of the fetus.

Ultrasound technique used: Ultrasound was performed
on Voluson E8 Expert BT12 (Wipro GE) ultrasound machine
transabdominally using a linear 5 to 10 MHZ probe and
convex rab 6D (2–7) MHZ probe. Ultrasound was done by
radiologists with more than 10 years of experience in fetal
imaging.

The left ventricle outflow (LVOT) view is ideal to visualize
the space between the myocardium and epicardium along
the right ventricle. EFT represented by the hypoechogenic
area between the visceral pericardium and myocardiumwas
identified. A reference line passing through the right ventric-
ular wall, aortic annulus, and descending aorta was drawn.
EFT was measured at the end-diastole of the cardiac cycle.
Dynamic and static images were stored due to a lack of
control over the cardiac cycle. The calipers measured the
inner-to-inner aspect of the hypoechoic area through the
available wall of the right ventricle nearest to the reference
line. The maximum EFT along the reference line passing
through the aortic annulus and intersecting the right ven-
tricular wall was measured at 90 degrees to the wall
(►Fig. 1). A major prerequisite for this measurement includ-
ed in this study was the anterior position of the fetal heart to
minimize the limitations of reproducibility of previous
studies.

The reproducibility of the technique has been investigated
before the initiation of the study. A blinded investigator
measured EFT in 20 randomly selected normal fetuses. The
images were stored separately in the same ultrasound ma-
chine, and EFTwas remeasured from the stored images after
2 weeks by the same investigator. The mean of these two
measurements performed by the same investigator was

Conclusions EFT was significantly higher in fetuses of diabetic versus nondiabetic
mothers. Themean difference in EFTof GDM cases and controls was relatively small but
was statistically significant. The study concluded that measuring the epicardial fat
thickness in fetuses can serve as a novel marker in GDM.
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calculated. This mean EFT value was used for the final
analysis of the results.13

The fetal EFTvalues obtained in patients with raised OGTT
test results were compared with those patients having
normal OGTT test results.

Data Entry and Statistical Analysis
The collected data were transformed into variables, coded,
and entered in the Microsoft Excel. Data were analyzed and
statistically evaluated using the SPSS-PC-25 version.

The normal distribution of different parameters was
tested by the Shapiro–Wilk normality test.

Quantitative data are expressed as mean� standard devi-
ation or medianwith interquartile range and depends on the
normality difference between the mean of two groups and
were compared by student’s t-test or Mann–Whiney U test.

Qualitative data are expressed in frequency and percent-
age, and statistical differences between the proportionswere
tested by the chi-square test or Fisher’s exact test.

ROC curve was prepared using fetal EFT to differentiate
between GDM and non-GDM and based on that, the cut-off
value was calculated. Sensitivity, specificity, PPV, and NPV of
fetal EFTwere calculated. P-value less than 0.05 was consid-
ered statistically significant.

Results

During the study period, 30 cases of GDM and 30 non-GDM
patients were identified after the application of inclusion

and exclusion criteria. The mean gestational age of cases
(26.53�1.27 weeks) were matched with that of controls
(26.22�1.37 weeks) (►Table 1).

Themean fetal EFT inmotherswithGDMwas significantly
higher, i.e., 0.17�0.02 cm than inmothers without GDM, i.e.,
0.12�0.01 cm (p<0.001) (►Table 2).

The 2hours OGTT results of cases had an average value of
178.21�9.73mg/dL and controls had an average 2hours
OGTT value of 125.70�15.31mg/dL (►Table 3).

In the study, among the mothers who had raised OGTT
value (i.e., GDM), one of them did not have increased fetal
EFT. Among controls, we had two mothers in whom the
2hours OGTT value was normal but had relatively increased
fetal EFT measurement. We also inferred from our results
that fetal EFT increased as gestational age advanced in both
cases and controls.

The receiver operating characteristic (ROC) curve plotted
from values calculated from our results showed high

Fig. 1 Transabdominal ultrasound image representing ideal view for fetal epicardial fat thickness measurement. (D.A¼descending aorta, A.
A¼ aortic annulus, LV¼ left ventricle, RV¼ right ventricle, Calliper 1 represents the reference line to be drawn, Calliper 2 represents
measurement of epicardial fat thickness from inner to inner aspect).

Table 1 Comparison of mean gestational age between both
groups (GDM - nt¼ gestational diabetes mellitus not present,
GDMþnt¼gestational diabetes mellitus present)

GDM-nt (n¼30) GDMþnt
(n¼ 30)

p-Value

Mean
gestational
age in weeks

26.22� 1.37 26.53� 1.27 0.37
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sensitivity (i.e., 96.67%) and specificity (i.e., 90%) of fetal EFT
as a predictor for GDM (►Fig. 2) (►Table 4).

Unadjusted linear regression analysis for factors affecting
fetal EFT (►Table 5), followed by the adjusted linear regres-
sion analysis (►Table 6) was also done, which revealed a p-
value<0.001 of OGTT and p-value¼0.004 of BMI in unad-

justed analysis. The OGTT and BMI had a p-value<0.001 in
the adjusted analysis.

Fetal EFTwas found to be significantly higher in the study
group with GDM, in comparison to the group without GDM
(►Figs. 3 and 4). Our data show that increased fetal EFTwas
positively associated with 2 hours of OGTT serum glucose
values.

Discussion

It has been observed from the study that fetal EFT was
higher in pregnant patients with GDM as compared with
normal control patients. Hence, the fetal EFT can serve as a
novel marker for the early detection of GDM and potentially
help in the early initiation of treatment to gestational
diabetic mothers to prevent complications for mother and
child.

In the adult population, EFT has been calculated as a
reliable marker to determine cardiovascular risk.14 Earlier

Table 2 Comparison of mean fetal epicardial fat thickness
between both groups (GDM-nt¼ gestational diabetes mellitus
not present, GDM þnt¼ gestational diabetes mellitus present,
cm¼ centimeters, IQR¼ interquartile range)

GDM-nt (n¼ 30) GDMþnt
(n¼30)

p-Value

Mean fetal
epicardial
fat thickness
(in cm)

0.12� 0.01 0.17�0.02 <0.001

Median (IQR) 0.12 (0.11–0.13) 0.17
(0.16–0.19)

Table 3 Comparison of OGTT test results between both groups
(GDM-nt¼ gestational diabetes mellitus not present, GDMþ nt¼
gestational diabetes mellitus present, mg/dL¼milligrams per
deciliter)

GDM - nt (n¼ 30) GDMþnt
(n¼ 30)

p-Value

OGTT
test
result
(mg/dL)

125.70�15.31 178.21�9.73 <0.001

Fig. 2 ROC curve using epicardial fat thickness for the prediction of
GDM.

Table 4 Diagnostic accuracy of fetal epicardial fat thickness for
predicting GDM (CI¼ confidence interval)

Fetal epicardial fat thickness

Area under curve 0.96

95% Confidence interval 0.92–1.0

Cut off value 0.145

Sensitivity (95% CI) 96.67% (82.78–99.92)

Specificity (95% CI) 90.0% (73.47–97.89)

PPV (95% CI) 90.62 (76.73–96.59)

NPV (95% CI) 96.43 (79.66–99.47)

Accuracy (95% CI) 93.33 (83.80–98.15)

Table 5 Unadjusted linear regression analysis for factors
affecting fetal epicardial thickness

Beta value p-Value 95% CI

OGTT value 0.001 <0.001 0.001–0.001

Gestational age 0.001 0.69 �0.005 to 0.008

BMI 0.008 0.004 0.003–0.013

Maternal age 0.002 0.05 0.000–0.003

Table 6 Adjusted linear regression analysis for factors
affecting fetal epicardial thickness

Beta value p-Value 95% CI

OGTT value 0.001 <0.001 0.001–0.001

Gestational age �0.002 0.39 �0.006 to 0.002

BMI 0.007 <0.001 0.003 to 0.010

Maternal age �0.001 0.31 �0.002 to 0.001

Note: Bolded values represent statistically significant data.
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Fig. 3 Transabdominal ultrasound image at 27 weeks and 3 days of gestation. Left ventricular outflow tract view of fetal heart shows increased
epicardial fat thickness. The OGTT result of this patient was found to be raises.

Fig. 4 Transabdominal ultrasound image at 24 weeks and 6 days of gestation. Left ventricular outflow tract view of fetal heart shows normal
epicardial fat thickness. The OGTT result of this patient was found to be within normal range.
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studies have shown an association between higher EFTwith
obesity and diabetes.3,15 Also, there has been an association
between increased value of EFT and altered glucose in fasting
state in non-diabetics.16 Such studies and their results
suggest the importance of EFT measurement in fetuses.

In the present study, it was seen that fetal EFT increased
with advancing gestational age. Similar findings have been
documented in studies in past by Aydin et al.17

Yavuz et al, in their study, found similar findings of
significantly increased epicardial fat thickness in fetuses of
diabetic mothers. However, their measurement method was
not standardized and they did not consider contributing
factors such as the gestational age of the fetus.14

After controlling for gestational age, the present study
demonstrated that EFT can be an individual marker for
gestational diabetes. The pathophysiology of the regulation
of insulin is same as in PDM (pre-gestational diabetes
mellitus) and GDM, manifestations of insulin resistance
occur in the later stages of gestation in GDM.15 This is why
an increase in EFT in GDM is more evident in the third
trimester.

Epicardial fat is involved in energy production for the
myocardium and has increased fatty acid synthesis and
lipogenesis due to insulin as compared with other types of
fat. In cases with raised insulin, epicardial fat serves as a
buffer to scavenge the extra toxic fatty acids. Therefore, in
cases with raised fetal glucose levels, EFT will be increased
long before other fat deposition occurs.16,17 Insulin resis-
tance occurs before increased glucose levels induce
lipogenesis.17

An increase in abdominal circumference and thickness of
subcutaneous fat act as an indicator for more glycogen and
fat deposition in the liver and subcutaneous tissue; however,
the use of these markers in the second trimester is limited
due to the incapacity of the fetus to store fat inmid-trimester.
Increased fetal EFT can be a potential earlymarker and can be
measured as early as 24 weeks of gestation to timely detect
early altered fetal metabolism as a result of raised glucose
before complications are apparent.

In a study by Akkurt et al, fetal EFT was measured by a
standardized method by obtaining a LVOT view as described
in our study.13 This method does not require any additional
training and there is no significant increase in the scan time.
This method is reliable and easily reproducible.

This technique, however, had limitations that include the
posterior position of the fetal heart, which gives a non-
satisfactory view and compromised poor image quality.
This will further add to interobserver variability for fetal
EFT measurement and compromises reproducibility of this
technique. In their study, another limitation was related
primarily mainly to its retrospective design. In our study,
in addition to the standardization of LVOT view for fetal EFT
measurement, we also standardized the anterior position of
the fetal heart to overcome these limitations and produce as
accurate and reliable results as possible.

Studies in the literature have demonstrated the original
description of the technique of measuring the EFT in end
systole to avoid possible changes due to compression of

epicardial fat in diastole.15 However, many studies have
recommended measuring EFT during end-diastole as it is
reproducible and have the potential for a reproducible
result from other modalities, that is CT and MRI.1,18

Retrospective studies in the literature have not been
able to control cardiac cycle because of a lack of dynamic
imaging. Ours was a prospective study where we mea-
sured EFT during end-diastole. Previously, the only pro-
spective study has been done by Yavuz et al with the same
results.

Hence, the prospective design of our study and standardi-
zation of the fetal EFTmeasurement technique have been the
major plus points of the study. One of the limitations of our
study is its limited sample size. However, the standardization
of the technique leaves very little scope for measurement
errors and has good reproducibility.

In conclusion, EFT is a reliable marker for GDM. Measure-
ment of EFT is reproducible, does not require any additional
training, and does not adds to scan time.
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