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Abstract
Background: Given the possible association between maternal diabetes status and metabolic disorders in
the fetus, such as hepatic dysfunction or subcutaneous fat mass, it is expected that there is a close
relationship between fetal adrenal gland volume and these two indicators.

Aim: We decided to examine the relationship of fetal adrenal gland size with fetal liver length and fetal
abdominal wall fat thickness in mothers with gestational diabetes and also to compare it with non-
diabetic mothers.

Methods: This cross-sectional study was performed on 40 pregnant women in the third trimester of
pregnancy suffering gestational diabetes under insulin therapy as the cases and 40 age and gestational
age-matched pregnant women without diabetes as the controls. An ultrasound was performed for all
participants in the third trimester of pregnancy to assess adrenal gland size, liver dimensions and fetal
abdominal wall fat thickness.

Results: The fetuses in diabetic group was found to have adrenal glands with signi�cantly higher mean
width, but with lower height leading similarity in mean adrenal volume as compared to non-diabetic
group. The mean fetal abdominal wall fat thickness was signi�cantly higher in diabetic than in non-
diabetic groups. In diabetic groups, we found a direct association between height of adrenal gland and
fetal abdominal wall fat thickness (p = 0.001). The length of adrenal gland was also positively
associated with abdominal wall fat thickness (p = 0.001). However in non-diabetic group, we found no
association between adrenal height and fetal abdominal wall fat thickness. Measuring liver length in the
two groups showed signi�cantly higher mean value in diabetic than in non-diabetic groups. No
association was revealed between adrenal volume and liver length in diabetic group. In non-diabetic
group, there was a signi�cant direct association between adrenal volume and liver length (p = 0.008).   

Conclusion: Gestational diabetes is directly associated with increasing fetal abdominal wall fat thickness
and liver length in fetus. The dimensions of adrenal gland in fetus are also associated with fetus
abdominal wall fat thickness and liver length probably independent to maternal diabetic status.   

Introduction
Gestational diabetes with a prevalence of 1 to 14% in different parts of the world is one of the most
common diseases that have attracted the attention of many researchers today. According to the World
Health Organization (WHO) recent reports, the prevalence of this disease in the world is increasing. Some
studies have estimated the prevalence of this disease between 3 and 6.1% in Iran (1, 2). This is while in
other studies, its prevalence in Iran has been reported to be about 12% and it has been emphasized that
the prevalence of gestational diabetes in our country is increasing (3). Various factors such as obesity,
smoking, genetic background, family history, etc. are involved in the development of gestational diabetes.
Recent studies have shown that gestational diabetes not only has a negative effect on maternal health
but also leads to abnormalities in the fetus (4). Gestational diabetes is associated with a variety of
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disorders and abnormalities in the mother and fetus, including cardiovascular problems, fetal
macrosomia, birth defects, polyhydramnios, preeclampsia, neonatal metabolic disorders (hypoglycemia,
hyperglycemia, and hyperglycemia) and respiratory distress (5–7). Due to the high prevalence and
complications of gestational diabetes for both mother and fetus, screening for gestational diabetes is
very important to prevent possible abnormalities in the fetus. Intermittent blood glucose measurements
as well as regular ultrasounds play an important role in diagnosing, identifying and preventing the
consequences of gestational diabetes on both mother and fetus.

Recent studies have shown that diabetes causes changes in fetal metabolic status that may be
associated with fetal weight gain as well as tissue abnormalities (8). These metabolic changes can
cause the liver and subcutaneous fat to grow disproportionately. Accordingly, some studies have
examined the ultrasound of the abdominal circumference and subcutaneous fat around the arm as an
index of estimating the weight and the impact of the fetus on the status of maternal diabetes (9).
Additionally, some studies have examined the size of the fetal adrenal gland as another criterion in
gestational diabetes (10). The fetal adrenal gland is a speci�c endocrine organ with an active role during
fetal development that produces large amounts of steroids for estrogen biosynthesis. Steroid hormones
produced by the adrenal glands regulate intrauterine homeostasis and fetal development and delivery
time. Previous studies have shown that ultrasound evaluation of fetal adrenal size can be a reliable
criterion for predicting preterm delivery (11). Some studies have also shown that signi�cant changes in
nutritional status such as malnutrition can alter the morphology and function of the adrenal glands in
humans and animals (12). Given the role of the adrenal glands in fetal growth and development and the
effects of maternal diabetes status on fetal metabolic status, it has recently been suggested that fetal
adrenal volume may be related to maternal gestational diabetes status, although contradictory results are
available in this regard. Moreover, given the possible association between maternal diabetes status and
metabolic disorders in the fetus, such as hepatic dysfunction or subcutaneous fat mass, it is expected
that there is a close relationship between fetal adrenal gland volume and these two indicators (liver
parameters and subcutaneous fat thickness) in the fetus of diabetic mothers. Therefore, in the present
study, we decided to examine the relationship of fetal adrenal gland size with fetal liver length and fetal
abdominal wall fat thickness in mothers with gestational diabetes and also to compare it with non-
diabetic mothers.

Materials And Methods
This cross-sectional study was performed on 40 pregnant women in the third trimester of pregnancy
suffering gestational diabetes under insulin therapy as the cases and 40 age and gestational age-
matched pregnant women without diabetes as the controls. Before the study, demographic information
about participants including maternal age, gestational age, and history of any family illness was
recorded. Those with having pre-pregnancy diabetes, existence of anomalies in the fetus, fetal IUGR or
fetal infection, multiples in the present pregnancy, and dissatisfaction with continuing the study at any
stage were all excluded from the study.
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At �rst, the objectives of the study were presented to all patients and in case of agreement to participate
in the present research project, written consent was obtained from them. Gestational diabetes screening
was performed between 30 and 38 weeks of gestation using a 54-g 1-hour glucose loading test. One-hour
glucose tolerance greater than 104 mg / dL was considered as the mother with gestational diabetes. The
researcher prepared a questionnaire containing variables such as maternal age, gestational age, maternal
weight, etc. After examining and selecting people with gestational diabetes treated with insulin and non-
diabetics, an ultrasound was performed for all participants in the third trimester of pregnancy with a
device (GE Voluson E6) with a curved transducer of 4 to 8 MHz. Only one ultrasound was performed for
each patient by an experienced person. Also, for each participant, a routine pregnancy ultrasound
including fetal anomaly screening and biometrics was performed initially. Adrenal gland dimensions and
fetal liver length were measured speci�cally for the present study. The adrenal gland of the fetus was
identi�ed as a hypoechoic structure with an echogenic center located in the superior and medial position
to the ipsilateral kidney. Adrenal gland close to the probe was selected for evaluation and angle and
depth were adjusted to achieve the best image resolution. Then adrenal size was measured in three
dimensions and the volume obtained by the device was considered as adrenal volume. Adrenal length
was measured in the transverse plane, width in the coronal plate and depth in the sagittal plane. Each
measurement was performed using the outer hypoechoic contour of the gland. To assess the size of the
liver, its length was measured, so that the length of the right lobe of the liver was measured in the coronal
plane from the diaphragm to the tip of the right lobe. Measurement of fetal abdominal wall fat thickness
was performed in the standard AC measurement section of the largest abdominal wall fat thickness
perpendicular to the abdominal muscles.

For statistical analysis, results were presented as mean ± standard deviation (SD) for quantitative
variables and were summarized by frequency (percentage) for categorical variables. Continuous
variables were compared using t test or Mann-Whitney test whenever the data did not appear to have
normal distribution or when the assumption of equal variances was violated across the study groups.
The association between the quantitative parameters was assessed using the Pearson’s or Spearman’s
correlation tests. P values of ≤ 0.05 were considered statistically signi�cant. For the statistical analysis,
the statistical software SPSS version 23.0 for windows (IBM, Armonk, New York) was used.

Results
The results related to fetal abdominal wall fat thickness and adrenal volume

Table 1 compared baseline characteristics in diabetic (n = 40) and non-diabetic (n = 40) groups. We
showed no difference across the two groups in terms of fetus gender (p = 0.588), fetus weight (p =
0.577), birth weight of neonates (p = 0.660), gestational age on sonography assessment (p = 0.740),
mean mothers age (p = 0.086), but mean of mothers’ weight was signi�cantly higher in diabetic than in
non-diabetic groups (p = 0.001). The fetuses in diabetic group was found to have adrenal glands with
signi�cantly higher mean width, but with lower height leading similarity in mean adrenal volume as
compared to non-diabetic group (2634.59±1146.33 mm3 versus 2930.70±1598.73 mm3, p = 0.344)
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(Table 1). Also, the mean fetal abdominal wall fat thickness was signi�cantly higher in diabetic than in
non-diabetic groups (7.41±1.81mm versus 6.44±1.32mm, p = 0.008).

Table 1
The baseline characteristics in diabetic and non-diabetic groups (n = 80)

Parameters Diabetic group Non-diabetic group P value

Baseline characteristics      

Fetus male gender, % 19 (47.5) 19 (47.5) 1.000

Mean fetus weight on sonography, gr 2304.62±671.08 2387.08±644.40 0.577

Mean birth weight, gr 3178.13±437.08 3219.13±392.61 0.660

Mothers’ weight before pregnancy, kg 75.42±9.33 68.42±6.49 0.001

Mothers’ weight within pregnancy, kg 83.92±8.73 76.85±6.13 0.001

Mean gestational age on sonography, wk 33.52±2.98 32.78±1.85 0.740

Mean mothers’ age on sonography, year 32.85±5.89 30.55±5.94 0.086

Organ diameters      

Mean adrenal length, mm 14.45±3.60 15.50±3.34 0.230

Mean adrenal width, mm 21.52±4.09 18.90±4.13 0.006

Mean adrenal height, mm 16.55±4.02 18.40±4.19 0.048

Mean adrenal volume, mm3 2634.59±1146.33 2930.70±1598.73 0.344

Mean fetal abdominal wall fat thickness, mm 7.41±1.81 6.44±1.32 0.008

In diabetic groups, we found a direct association between height of adrenal gland and fetal abdominal
wall fat thickness (p = 0.001). The length of adrenal gland was also positively associated with abdominal
wall fat thickness (p = 0.001). But the diameter of this gland was independent to other baseline
parameters including fetal weight, birth weight of neonates, maternal weight before and during
pregnancy, and mothers’ age, and gestational age (Table 2). However in non-diabetic group, we found no
association between adrenal height and fetal abdominal wall fat thickness (p = 0.454). In non-diabetic
group, fetal abdominal wall fat thickness was correlated to fetal weight (p = 0.039), birth weight (p =
0.009), gestational age (p = 0.028), but not to other parameters. In diabetic ones, fetal abdominal wall fat
thickness was correlated to fetal weight (p = 0.001), birth weight (p = 0.008), maternal weight before
pregnancy (p = 0.011) and during pregnancy (p = 0.007), and gestational age (p = 0.001).
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Table 2
The association of fetal abdominal wall fat thickness with other parameters in

diabetic and non-diabetic groups (n = 80)
Parameters Diabetic group Non-diabetic group

Mean fetus weight on sonography, gr 0.001 0.039

Mean birth weight, gr 0.008 0.009

Mothers’ weight before pregnancy, kg 0.011 0.265

Mothers’ weight within pregnancy, kg 0.007 0.359

Mean gestational age on sonography, wk 0.001 0.028

Mean mothers’ age on sonography, year 0.208 0.346

Mean adrenal length, mm 0.682 0.537

Mean adrenal width, mm 0.781 0.524

Mean adrenal height, mm 0.031 0.454

The results related to fetal liver length and adrenal volume

Of 80 women, liver dimensions were determined in 46 women (23 in diabetic and 23 in non-diabetic
groups). Regarding baseline characteristics, 43.5% and 56.5 of neonates were male respectively with no
difference (p = 0.37). The mean gestational age on sonography assessment time was also 33.52±2.98
weeks and 32.78±1.85 weeks respectively with no difference (p = 0.31). Also, no difference was found in
mean of mothers’ age (33.41±6.63 years versus 30.00±6.33 years, p = 0.10). The mean neonatal weight
was also found to be 2.37±0.65 kg and 2.13±0.41 kg respectively indicating no difference (p = 0.14). In
this regard, there was also no difference in birth weight between diabetic and non-diabetic groups
(3.34±0.40 kg versus 3.14±0.33 kg, p = 0.08). Measuring liver length in the two groups showed
signi�cantly higher mean value in diabetic than in non-diabetic groups (0.55±10.89mm versus
49.04±7.74mm, p = 0.03). The average of fetal adrenal volume was similar in diabetic and non-diabetic
groups (2.62±1.28cm versus 3.89±1.32cm, p = 0.15). As shown in Table 3, we found no difference
between male and female fetuses in study parameters including embryo age, mother age, weight on
sonography time, birth weight, liver length as well as adrenal volume. In diabetic groups, we showed no
association of fetal adrenal volume or liver length with other fetal diameters (Table 4). Also, no
association was revealed between adrenal volume and liver length in diabetic group. In non-diabetic
group, there was a signi�cant direct association between adrenal volume and liver length (p = 0.008).
However, both parameters of adrenal volume and liver length were not associated with other fetal
parameters (Table 2). In total and regardless of diabetes state, liver length was directly associated with
embryo age (p = 0.011), but adrenal volume was associated with none of other fetal parameters (Table
2).
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Table 3
The parameters in fetuses according to gender (n = 46)

Parameters Male fetuses Female fetuses P value

Diabetic group      

Embryo age (weeks) 32.4 ± 3.74 34.38 ± 1.98 0.11

Mother age (Year) 34.25 ± 6.29 32.66 ± 7.21 0.63

Weight during sonography (Kg) 2.41 ± 0.82 2.34 ± 0.53 0.80

Weight at birth (Kg) 3.4 ± 0.34 3.29 ± 0.45 0.51

Liver length (mm) 54.2 ± 9.1 55.61 ± 12.43 0.76

Adrenal volume (cm3) 2.41 ± 1.36 2.79 ± 1.25 0.49

Diabetic group      

Embryo age (weeks) 33.0 ± 1.41 32.5 ± 2.36 0.53

Mother age (Year) 28.38 ± 7.17 32.10 ± 4.55 0.16

Weight during sonography (Kg) 2.15 ± 0.31 2.09 ± 0.52 0.74

Weight at birth (Kg) 3.23 ± 0.37 3.02 ± 0.24 0.13

Liver length (mm) 49.3 ± 4.1 48.7 ± 11.12 0.85

Adrenal volume (cm3) 3.12 ± 0.47 3.0 ± 0.93 0.67
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Table 4
The association of adrenal volume and liver length with other fetal

parameters (n = 46)
Parameters Adrenal volume

(p value)

Liver length

(p value)

Diabetic group    

Embryo age (weeks) 0.48 0.06

Mother age (Year) 0.14 0.86

Weight during sonography (Kg) 0.80 0.07

Weight at birth (Kg) 0.92 0.17

Liver length (mm) 0.19 ---

Adrenal volume (cm3) --- 0.19

Non-diabetic group    

Embryo age (weeks) 0.24 0.16

Mother age (Year) 0.34 0.18

Weight during sonography (Kg) 0.38 0.42

Weight at birth (Kg) 0.22 0.35

Liver length (mm) 0.008 ---

Adrenal volume (cm3) --- 0.008

Total    

Embryo age (weeks) 0.68 0.011

Mother age (Year) 0.48 0.26

Weight during sonography (Kg) 0.68 0.12

Weight at birth (Kg) 0.64 0.23

Liver length (mm) 0.32 ---

Adrenal volume (cm3) --- 0.32

Discussion
The results of our study showed that there is a signi�cant difference in the mean fetal liver length
between the two groups of diabetic and non-diabetic mothers. But no signi�cant difference was observed
in the mean adrenal volume of the fetus between diabetic and non-diabetic mothers. In the next stages of
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the study, these results were examined between male and female fetuses in both diabetic and non-
diabetic groups. Our results showed no difference in the results of these parameters including fetal age
during ultrasound, maternal age, fetal weight during ultrasound, birth weight, liver length, and adrenal
volume between girls and boys in both diabetic and non-diabetic groups. Also in this study, the
relationship between adrenal volume and liver length with each other parameters in each of the diabetic
and non-diabetic groups was evaluated separately. The results of our study showed that in the diabetic
group there was no signi�cant relationship between fetal adrenal volume and fetal age during ultrasound,
maternal age, fetal weight during ultrasound, birth weight, and liver length. There was also no correlation
between fetal liver length and fetal age during ultrasound, maternal age, fetal weight during ultrasound,
neonatal birth weight, and adrenal volume in the diabetic group. While in the non-diabetic group, a
signi�cant relationship was observed between fetal adrenal volume and liver length. In summary, �rst,
fetal liver length is affected by diabetic state in mothers and is larger than fetuses with non-diabetic
mothers. Second, the association of liver length and adrenal volume was only found in non-diabetic
group not in diabetic ones indicates that the relationship is not dependent on the mother's diabetic status.
In this regard, several studies have evaluated these parameters in diabetic and non-diabetic mothers. In a
study by Anderson et al (2008) (13), a signi�cant relationship was observed between fetal liver length and
fetal age as well as fetal abdominal circumference. Increased abdominal circumference and fetal age
were signi�cantly associated with increased liver length. In their study, increasing the age of the fetus
was signi�cantly associated with increasing the length of the fetal liver, which is in line with the �ndings
of this study. In another study by Garcia-Flores et al (2017) (14), the average adrenal volume in 39 fetuses
of diabetic mothers was examined. The results of their research showed that the adrenal volume in the
fetus of diabetic mothers was signi�cantly increased. On the other hand, adrenal volume was
signi�cantly associated with postpartum weight. In a previous study by Roberts et al (1994) (15), the
average liver length in fetuses of diabetic mothers in the 18th and 36th weeks of pregnancy is
signi�cantly higher than usual that about 12% of diabetic mothers had fetuses with longer liver length
than average. In another study by Mirghani et al. (2007) (16), the mean fetal liver length in diabetic
mothers was 36 mm (32-37 mm), while in non-diabetic mothers it was 31 mm (30-33 mm), which was a
signi�cant difference between the two groups. Their results also showed that the increase in liver length
was signi�cantly associated with maternal fasting glucose levels as well as glucose 2 hours after meals.
No signi�cant relationship was observed between fetal liver length and other weight and gender
parameters. Therefore, these researchers stated that the average fetal liver length in diabetic mothers is
somewhat longer than non-diabetic mothers. The results of this research are in line with our research
�ndings. In our study, fetal liver length in diabetic mothers was signi�cantly longer than non-diabetic
mothers. Therefore, the results of our research as well as other studies show that gestational diabetes is
one of the risk factors associated with increased adrenal volume as well as increased liver length.
However, in our study, unlike other studies, no signi�cant difference in fetal adrenal volume was observed
between diabetic and non-diabetic groups. But the probable reason for this is the lack of signi�cant
differences between fetal and neonatal weight of diabetic and non-diabetic mothers in our study. One of
the positive points of our research is the comparison of these parameters between diabetic and non-
diabetic groups, which was not done in most previous studies. Although the main mechanism by which
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gestational diabetes leads to increased liver length or adrenal volume is not well understood, recent
studies have shown that gestational diabetes increases the production and secretion of growth hormone
due to increased insulin levels, resulting in the stimulus for fetal organomegaly (17). Fibroblast growth
factors (FGFs) as well as insulin-like growth factors (IGFs) are among the growth factors that increase
their production and secretion as a result of increased insulin and hyperglycemia, leading to increased
fetal size as well as other disorders (18). Studies have shown that G EGF concentration in diabetic
mothers is signi�cantly increased, which is associated with signi�cant changes in embryonic tissue EGF
receptors and eventually nephrogenesis due to increased glucose concentration (19). Thus, as with
macrosomia, fetal organs in mothers with gestational diabetes tend to grow abnormally that can lead to
severe disorders in the baby. In addition, the relationship between fetal age and liver length that was
reported in this study and other previous studies indicates that liver length can be a good diagnostic
criterion in determining gestational age.

In the present study, there was a signi�cant difference in the mean fat thickness of fetal abdominal wall
between diabetic and non-diabetic groups. The fat thickness of the fetal abdominal wall was affected in
diabetic mothers and was greater than the fat thickness of the fetal abdominal wall in non-diabetic
mothers. Also, a signi�cant relationship was observed between the height of the adrenal gland and the
thickness of the fetal abdominal wall fat in the diabetic group. In a study by Turan et al (20), the
relationship between gestational diabetes and adrenal volume was examined in 90 pregnant women. The
results of their study showed that the adrenal volume of the fetus in 39 of the 90 cases of diabetic
pregnant women was larger than normal. Therefore, these researchers suggested adrenal volume study
as one of the risk factors for maternal diabetes. In another study by Larciprete et al (21), the thickness of
fetal abdominal wall fat was assessed in two groups of diabetic and non-diabetic mothers. The results of
this study showed that there is a signi�cant difference in the mean thickness of fetal abdominal wall fat
between diabetic and non-diabetic groups that the thickness of fetal abdominal wall fat in diabetic
mothers is greater than the thickness of fetal abdominal wall fat in non-diabetic mothers. In total, it can
be suggested fetal abdominal fat thickness is affected by diabetic status in diabetic mothers and is
greater than fetal abdominal fat thickness in non-diabetic mothers. In this regard, fetal abdominal fat
thickness is in parallel affected by fetal weight, and gestational age. It seems that the thickness of the
abdominal wall fat is better than the adrenal volume of the fetus to evaluate the effect of diabetes on the
fetus and also it seems that the effect of diabetes is on increasing the width and height of the adrenal
gland and not the adrenal volume.

Conclusion
It can be �nally concluded that gestational diabetes is directly associated with increasing fetal abdominal
wall fat thickness and liver length in fetus. The dimensions of adrenal gland in fetus are also associated
with fetus abdominal wall fat thickness and liver length probably independent to maternal diabetic
status.
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