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Fetal Epicardial Fat Thickness: Can It Serve as a Sonographic
Screening Marker for Gestational Diabetes Mellitus?

Sonay Aydin'*, Erdem Fatihoglu?
"Department of Radiology, Dr. Sami Ulus Training and Research Hospital, Ankara, Turkey, 2Department of Radiology, Erzincan University, Erzincan, Turkey

Background: Gestational diabetes mellitus (GDM) is defined as the new onset of impairment in carbohydrate tolerance during pregnancy. The
aim of the current study was to define fetal epicardial fat thickness (fEFT) changes that developed before 24 weeks of gestation, to evaluate
the diagnostic effectiveness of fEFT in predicting GDM diagnosis, and to correlate fEFT values with hemoglobin A1C (HbA1C) values.
Methods: The study included a total of 60 GDM patients and 60 control subjects. A record consisted of fEFT measurements, maternal body mass
index, maternal subcutaneous fat thickness, and fetal subcutaneous fat thickness during sonographic screening performed at 18—22 gestational
weeks. Fetal abdominal circumference (AC) values, estimated fetal weight (EFW), and fetal gender were also recorded. Results: The median
fEFT measurement of the whole study population was 0.9 + 0.21 mm; 1.05 + 0.21 mm in the GDM patients, and 0.8 + 0.15 mm in the control
group. The median fEFT values of the GDM patients were significantly higher than those of the control group (P < 0.01). According to the
correlation analysis results, a strong positive correlation was determined between the fEFT and HbA1C values (r=0.71, P <0.01), gestational
week of the fetus (» = 0.76, P = P < 0.01), AC (r = 0.81, P < 0.01), and EFW (» = 0.71, P < 0.01). According to the receiver operating
characteristic analysis results, a fEFT value of > 0.95 can predict GDM diagnosis with sensitivity of 65% and specificity of 88% (odds
ratio = 13). Conclusion: fEFT values are increased in GDM cases, and the increase can be detected earlier than 24 weeks of gestation. fEFT
values are positively correlated with HbA1C values and can serve as an early predictor for GDM diagnosis.
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coronary artery disease.’¥ Previous studies have also shown
that increased EFT measurements are related to increased
insulin resistance in DM.P! Pregnant women with an increased
EFT measurement are at greater risk of preeclampsia.l

INTRODUCTION

Gestational diabetes mellitus (GDM) is defined as the new onset
of impairment in carbohydrate tolerance during pregnancy.
The reported incidence can increase up to 14%. GDM creates

a risk for developing Type 2 diabetes mellitus (DM) after
pregnancy, and Type 2 DM creates a cardiovascular risk for
females. Therefore, the diagnosis and management of GDM
are crucial.l'?

Epicardial fat tissue (EFT) is located between the myocardium
and visceral pericardium. It is directly connected to the
myocardium, and these tissues share the same microcirculation.
EFT, which develops from the same embryogenic layer as
visceral adipose tissue, maintains the energy supply to the
heart, serves as an anatomic barrier, and can secrete hormones,
such as adiponectin and leptin. EFT has been shown to
be related to obesity, hypertension, insulin resistance, and
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Together with the metabolic changes in GDM, fetal EFT (fEFT)
is also affected, showing changes in comparison with normal
pregnancies. There are some studies in literature indicating
that fEFT increases in GDM and DM."! These studies have
been mainly performed at 24-28 weeks of gestation and do
not offer satisfactory information about the effectiveness of
second-trimester fEFT measurements in predicting GDM. In
addition, the above-mentioned studies have generally included
relatively small number of patients.
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According to our experience in daily practice, it can be considered
that fEFT examination during the second trimester might be a
predictor for a future (third trimester) GDM diagnosis. The aim
of the current study was to define fEFT changes before 24 weeks
of gestation, to evaluate the diagnostic effectiveness of fEFT in
predicting future GDM diagnosis, and to correlate fEFT values
with other parameters, such as hemoglobin A1C (HbA1C) and
body mass index (BMI) in GDM cases.

MareriaLs AND MEeTHODS

The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Local Ethics
Committee (IRB number: 2013-KAEK-11/14305). Informed
written consent was obtained from all patients prior to their
enrollment in the study. All data were collected between June
2018 and December 2019.

All the pregnant who were referred to the radiology department
for detailed morphological abnormality scans were examined
to measure fEFT during the study period. Then, these pregnant
were followed up until the labor to get information about
pregnancy outcomes, such as having GDM or any other
diagnosis. GDM diagnosis was created according to the
American Diabetes Association guidelines using the results
of the oral glucose tolerance test (OGTT) and HbA1C values
obtained at 24-28 weeks of gestation. OGTT results were
acquired by both using two-step approach (100 g glucose
load) and one-step approach (75 g glucose load) (a: one-step
approach: after loading 75-g oral glucose, the glucose levels
are measured at fasting, 1 h, and 2" h; b: two-step approach:
an initial screening was performed by measuring the plasma
or serum glucose concentration 1 h after a 50-g oral glucose
load [glucose challenge test (GCT)]), and a diagnostic OGTT
was performed on that subset of women exceeding the glucose
threshold value on the GCT. The threshold values for both 75 g
and 100 g glucose load tests are shown in Tables 1 and 2.1

According to the follow-up information, we constituted the
GDM and control groups. The control group consisted of
randomly selected healthy pregnant with similar age and
BMI values of GDM group. Sixty GDM patients and 60
control patients were included in the current study. Exclusion
criteria were (1) having a diagnosis of type 1 or 2 DM, (2)
fetal abnormality detected at ultrasonography (US), (3)
having an abnormal double (free beta-human chorionic
gonadotropin and pregnancy-associated plasma protein
A) and/or triple (alpha-fetoprotein, free human chorionic
gonadotropin, and unconjugated estriol) screen test result, (4)
coexisting morbidities (preeclampsia, thyroidal disorders,
and coagulation problems), (5) multiple gestation pregnancy,
and (6) the presence of fetal pericardial fluid. Flowchart of
patient selection is shown in Figure 1.

fEFT measurements were performed from the standardized
four-chamber view!'!! at the midpoint of the ventricle wall.
To be able to optimally discriminate the fetal epicardial fat
from possible pericardial fluid, color Doppler US (CDUS)

Table 1: Diagnosis of gestational diabetes mellitus with a
100-g oral glucose load

mg/dI mmol/l
Fasting 95 5.3
lh 180 10
2h 155 8.6
3h 140 7.8

Two or more of the venous plasma concentrations must be met or exceeded
for a positive diagnosis. The test should be done in the morning after an
overnight fast of between 8 and 14 h and after at least 3 days of unrestricted
diet (>150 g carbohydrate/day) and unlimited physical activity. The subject
should remain seated and should not smoke throughout the test

Table 2: Diagnosis of gestational diabetes mellitus with a
75-g oral glucose load

mg/dl mmol/|
Fasting 95 53
1h 180 10
2h 155 8.6

Two or more of the venous plasma concentrations must be met or exceeded
for a positive diagnosis. The test should be done in the morning after an
overnight fast of between 8 and 14 h and after at least 3 days of unrestricted
diet (=150 g carbohydrate/day) and unlimited physical activity. The subject
should remain seated and should not smoke throughout the test

examination was used. The region measured as fetal epicardial
fat was also evaluated with CDUS. If any signal was detected,
then the case was excluded to prevent any confusion between
fetal epicardial fat and pericardial fluid [Figures 2 and 3].
Abdominal circumference (AC) measurements were performed
from the standardized view described in the literature.''?! Fetal
subcutaneous fat thickness (fSFT) values were obtained
from the same view together with AC [Figure 4]. Estimated
fetal weight (EFW) was calculated on US according to the
AC data, and the measurements were taken using a 3.5 MHz
convex transducer (Toshiba, Xario). Maternal subcutaneous
fat thickness (mSFT) values were obtained from the
subxiphoid area using a 7 MHz linear transducer (Toshiba,
Xario) [Figure 5].

The HbA 1C values and BMI values obtained at 2428 weeks of
gestation (at the same visit as the OGTT) were used, and other
data were acquired from the medical records of the patients.

Statistical analysis

Data were analyzed using the Statistical Package for the
Social Sciences (SPSS) 20 for Windows (IBM SPSS Inc.,
Chicago, IL, USA). Conformity of the data to normal
distribution was evaluated with the Kolmogorov—Smirnov test.
Numerical variables with normal distribution were shown as
mean + standard deviation values. The variables not showing
normal distribution were shown as minimum—maximum
values. Categorical variables were shown as number and
percentage. For the comparison of numerical variables between
the two groups, the Mann—Whitney U-test and Student’s ¢-test
were used. To define the possible correlations between fEFT
and the other variables, Spearman and Pearson correlations
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All the pregnant who were
referred to radiology department
for detailed morphological
abnormality scan (1542 pregnant)

!

Fetal Epicardial Fat Thickness
Measurement

Follow-up until the labor

!

Exclusion criteria (312 patients):

-having a diagnosis of type 1 or 2
DM

-fetal abnormality detected at
ultrasonography

-having an abnormal double
and/or triple screen test result

-coexisting morbidities
(preeclampsia, thyroidal
disorders, coagulation problems
etc.)

-multiple gestation pregnancy

-presence of fetal pericardial fluid

4 ) Y

GDM group (60 patients): Control group (60 pregnant
. selected among 1170

Trle pre.gnant ha\./mg GDM S Y

diagnosis according to ADA

criteria Randomly selected
healthy pregnant with
similar age and BMI of
GDM group

Figure 1: Flowchart for patient selection

were performed. Receiver operating characteristic (ROC)
curve analysis was applied for diagnostic performance
evaluation of fEFT values for GDM diagnosis. The Youden
Index was used to define the predictive values of fEFT.

A two-tailed value of P < 0.05 was considered statistically
significant.

ResuLts

The evaluation consisted of 60 GDM and 60 healthy, control
pregnant women. All the US examinations were performed
between 18 and 22 gestational weeks.

e - [
Figure 2: Fetal epicardial fat thickness measurement of a pregnant with
gestational diabetes mellitus. Fetal epicardial fat thickness was measured
as 1.4 mm (between calipers) (a). Color Doppler ultrasonography was
used to eliminate pericardial fluid presence (b)

Of the total study population, 65 fetuses (54.2%) were male
and 55 fetuses (45.8%) were female. In the GDM group,
34 fetuses (56.7%) were male and 26 fetuses (43.3%) were
female. In the control group, 31 fetuses (51.7%) were male
and 29 fetuses (48.3%) were female. The distribution of fetal
gender was similar in the GDM and control groups.

The mean maternal age of the whole population was
32.10 £ 6.55 years; 33.46 + 5.76 years in the GDM group
and 31.75 £ 5.52 years in the control group. The mean
maternal age was similar in the GDM patients and the
control group.

The median BMI value of the whole population was 29 +2.44;
29+2.17 inthe GDM group and 29 £ 2.41 in the control group.
The median BMI values were similar in both the groups.

The median mSFT value of the whole population was
15 = 1.52 mm; 15 £+ 1.67 in the GDM group and 15 £+ 1.37
in the control group. The median mSFT values of the GDM
patients and the control group were similar.

The mean HbA1C value of the whole population was
6% + 0.78%; 6.50% =+ 0.59 in the GDM group and
5.50% £ 0.68% in the control group. The mean HbA1C values
of GDM patients were statistically significantly higher than
those of the control group (P < 0.01).

The mean AC value of all the fetuses was 153.76 £ 16.72 mm;
155.25+18.60 mm in the GDM group and 152.28 + 14.59 mm
in the control group. The mean AC values of the GDM patients
and the control group were similar.

The median EFW value of all the fetuses was 340 + 102.7 g;
335.5 £ 98.90 in the GDM group and 325.5 + 104.8 in the
control group. The median EFW values of the GDM patients
and the control group were similar.

The median fSFT value of the whole population was
2.10+0.19 mm; 2 + 0.15 in the GDM group and 2.10 + 0.21
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in the control group. The median fSFT values of the GDM
patients and the control group were similar.

The median fEFT measurement of the whole population was
0.9+ 0.21 mm; 1.05+0.21 in the GDM group and 0.8 £ 0.15
in the control group. The median fEFT values of the GDM
patients were significantly higher than those of the control
group (P <0.01).

The mean/median values of the parameters and the changes
according to the subgroups are shown in Table 3.

According to the correlation analysis results of the whole
population, there was a strong positive correlation between
the fEFT values and HbA1C values (» = 0.71, P <0.01) and
the gestational week of the fetus (» = 0.76, P = P < 0.01),
AC measurements (r = 0.81, P <0.01), and EFW (r = 0.71,
P < 0.01). There was also determined to be a weak positive
correlation between fEFT values and maternal age (» = 0.34,
P <0.01) and maternal BMI (» = 0.26, P <0.01) [Table 4].

The correlation analysis results of the subgroups showed
that positive correlations between fEFT values and HbA1C,
gestational week of the fetus, and AC/EFW values continued,
whereas there were no continuing correlations between fEFT
values and maternal age and maternal BMI [Tables 5a and b].

Figure 3: (a) 23-year-old healthy pregnant and 21-week-old fetus.
Between calipers, fetal epicardial fat thickness is seen (0.9 mm). (b)
35-year-old pregnant with gestational diabetes mellitus and 21-week-old
fetus. Between calipers, fetal epicardial fat thickness is seen (1.4 mm)

Figure 5: Maternal subcutaneous fat thickness measurement of
22-year-old pregnant with gestational diabetes mellitus (18 mm)

According to the ROC analysis results, when a fEFT value
of 0.95 is accepted as a cutoff value, the presence of GDM
diagnosis can be predicted with a sensitivity of 65% and
specificity of 88% (odds ratio = 13) [Figure 6].

Discussion

According to the results of the current study, fEFT measured
during the second trimester can serve as an early predictor for
GDM. fEFT was found to be higher in pregnant patients with
GDM than in the normal controls. The fEFT measurements
were positively correlated with HbA1C values.

EFT is known to have important metabolic effects.”’ EFT
measurements and the investigation of possible correlations of
EFT with metabolic syndrome and/or coronary heart diseases
are frequent topics of research.['*!¥] Previous publications
have shown a significant correlation between EFT and blood
glucose levels, DM, obesity, and insulin resistance in adult
populations.!'>1¢ A relationship between mEFT and fasting
glucose levels has also been identified in a nondiabetic
population.['”)

Figure 4: (a) 23-year-old healthy pregnant and 21-week-old fetus.
Standardized abdominal circumference view, between calipers, fetal
subcutaneous fat thickness is seen (2 mm). (b) 35-year-old pregnant
with gestational diabetes mellitus and 21-week-old fetus. Standardized
abdominal circumference view, between calipers, fetal subcutaneous fat
thickness is seen (2.1 mm)

Sensitivity

0,0 T T T T
0,0 0,2 0,4 0,6 0,8 1,0

Specificity

Figure 6: Receiver operating characteristic curve of fetal epicardial fat
thickness values to predict gestational diabetes mellitus
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The alterations in fEFT values in GDM are a relatively new
subject of the research. There are a limited number of studies
that have focused on this subject. The previous publications
on this topic have included smaller populations, have been
performed retrospectively,”?! have generally been performed
after 24 weeks of gestation,®! and have not provided
information about the effectiveness of fEFT in predicting GDM
diagnosis.”! Consistent with the literature, the current study
results showed that fEFT values increased in GDM. When the
parameters affecting the mentioned increase were evaluated,
a strong positive correlation was determined between fEFT
values and HbA1C, gestational week, and AC/EFW values.

Table 3: Distribution of the variables according to
gestational diabetes mellitus and control subgroups

Variables GDM group Control group P

Male fetus (%) 34 (56.7) 31(51.7) >0.05
Female fetus (%) 26 (43.3) 29 (48.3) >0.05
Mean maternal age 33.46+5.76 31.75+5.52 >0.05
Median maternal BMI 2942.17 29+2.41 >0.05
Median mSFT (mm) 15+1.67 15+1.37 >0.05
Median HbA1C (%) 6.50+0.59 5.50+0.68 <0.01
Mean AC (mm) 155.25+18.60 152.28+14.59 >0.05
Median EFW (gr) 335.5+98.90 325.5+104.8 >0.05
Median fSFT (mm) 2+0.15 2.10+0.21 >0.05
Median fEFT (mm) 1.054+0.21 0.8+0.15 <0.01

P<0.05 statistical significance. BMI: Body mass index, mSFT: Maternal
subcutaneous fat thickness, HbA1C: Hemoglobin A1C, AC: Abdominal
circumference, EFW: Estimated fetal weight, fSFT: Fetal subcutaneous
fat thickness, fEFT: Fetal epicardial fat thickness, GDM: Gestational
diabetes mellitus

In the previous studies, there were similar results about the
positive relationship between fEFT and AC/EFW values.[”)
The offspring of patients with GDM are known to have greater
AC and EFW values.' This information can confirm the
possible effect of GDM on fEFT when considered together
with the positive relationship of fEFT and AC/EFW values.
The above-mentioned correlation could also be the result of
the previously defined effect of EFT on obesity.!'” However,
there is a slight difference between the current study results
and another recent study,”! in which it was stated that a positive
correlation between fEFT and AC/EFW was only present in
GDM cases not in the control group. In contrast, the correlation
was seen to be present in both the groups in the current study.
This difference could be due to the different population sizes.

In the current study, a positive correlation was determined
between fEFT and gestational week in both the GDM and
control groups. This result was expected as an effect of fetal
growth. Gestational week was not statistically different in the
GDM and control groups, so this relationship could not have
affected the significant difference in the fEFT values between
the subgroups.

The relationship between fEFT values and HbA1C has not been
previously examined in the literature. There are publications
stating the relationship between mEFT and HbA1C values,!™
but there is no information about fEFT and maternal HbA1C
levels. As a contribution to the literature, the results of this
study demonstrate a significant positive correlation between
fEFT and maternal HbA1C levels. This correlation can also
explain the effect on fEFT values of the metabolic changes

Table 4: Correlations of fetal epicardial fat thickness values in the whole population

HbA1C Gestational week AC EFW Maternal Age Maternal BMI
fEFT value
r 0.71 0.76 0.81 0.71 0.34 0.26
P 0.00 0.004 0.005 0.004 0.00 0.00

P<0.05 statistical significance. HbA1C: Hemoglobin A1C, AC: Abdominal circumference, EFW: Estimated fetal weight, fEFT: Fetal epicardial fat

thickness, BMI: Body mass index

Table 5a: Correlations of fetal epicardial fat thickness values in gestational diabetes mellitus group

HbA1C Gestational week AC EFW Maternal Age Maternal BMI
fEFT value
r 0.49 0.93 0.91 0.94 0.23 0.32
P 0.02 0.01 0.00 0.00 0.07 0.08

P<0.05 statistical significance. HbA1C: Hemoglobin A1C, AC: Abdominal circumference, EFW: Estimated fetal weight, fEFT: Fetal epicardial fat thickness,

BMI: Body mass index

Table 5b: Correlations of fetal epicardial fat thickness values in the control group

HbA1C Gestational week AC EFW Maternal Age Maternal BMI
fEFT value
r 0.62 0.90 0.89 0.91 0.10 0.09
P 0.00 0.01 0.00 0.00 0.44 0.45

P<0.05 statistical significance. HbA1C: Hemoglobin A1C, AC: Abdominal circumference, EFW: Estimated fetal weight, fEFT: Fetal epicardial fat thickness,

BMI: Body mass index
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occurring in GDM cases. In addition, the current study results
showed that the fEFT value measured before 22 weeks of
gestation, of > 0.95 mm, can predict GDM diagnosis after
24 weeks of gestation with a sensitivity of 65% and specificity
of 88%. To the best of our knowledge, there is no cutoff value
for fEFT to predict GDM in the available literature. This cutoff
value can serve as an early indicator of possible GDM presence
and can be detected in the routine morphological sonographic
anomaly screening, earlier than the OGTT test for GDM.

There is limited information in literature about the relationship
between maternal age, maternal BMI, and fEFT. In a recent
study,!” it was stated that maternal BMI is not related with fEFT
values. Similarly, in the current study, a weak correlation was
determined between these parameters in the whole population,
and the relationship was not seen in the subgroup analysis.
Thus, no significant relationship could be determined between
maternal BMI values and fEFT, as well as maternal age.

Only one previous study has examined the relationship between
fSFT and fEFT.!"! Similar results were obtained in the current
study with no significant correlation determined between
fSFT and fEFT values. This could be attributed to the time
of examination, as US examinations performed in the last
trimester might reveal correlations between these parameters.

No relationship was determined between mSFT, fetal gender,
and fEFT values. To the best of our knowledge, no previous
study has examined these parameters.

All the similar studies in literature have used fetal
echocardiography to measure fEFT.) In contrast, the current
study results showed that fEFT values can be measured during
routine second-trimester US screening.

The study had some limitations. First, not all the participants
could be evaluated by both of the researchers, so interobserver
reliability data of fEFT could not be presented. It was attempted
to eliminate potential cases with pericardial fluid to be able to
provide a more correct fEFT measurement. However, small
amount of pericardial fluid may still be confused with fetal
epicardial fat, and this might have decreased the reliability
of the results.

CoNcLusSION

fEFT values are increased in GDM cases, and the increase can
be detected earlier than 24 weeks of gestation. fEFT values
are positively correlated with HbA1C values and can serve as
an early predictor for GDM diagnosis.
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