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Objective: Gestational diabetes mellitus (GDM) has an impact on fetal adrenal gland size and volume, which are greater in the GDM 
population. This study used 2D and 3D ultrasound scanning to determine the correlation of fetal adrenal gland size and volume with 
fructosamine levels, HbA1c levels, estimated fetal weight (EFW), and neonatal birth weight in GDM patients.
Methods: This study included eighty singleton pregnant women diagnosed with GDM between 24–28 weeks of gestation. During 
weeks 32–34 of gestation, the length, width, and depth of the fetal zone and total adrenal gland were measured using transabdominal 
2D ultrasound. Virtual organ computer-aided analysis (VOCAL) software was used to evaluate fetal zone and total adrenal gland 
volume in 3D ultrasound. All the participants were followed until delivery. Pearson’s correlation analysis was conducted to examine 
the correlation between fetal adrenal gland ultrasound measurements and the factors of interest.
Results: The study consisted of sixty-six (82.5%) pregnant women with diet-controlled GDM (GDMA1) and fourteen (17.5%) 
pregnant women with insulin-managed GDM (GDMA2). There was no difference in fetal adrenal gland measurements between the 
diet-controlled (GDMA1) and the insulin-managed (GDMA2) groups. All the participants had achieved optimal glucose levels at the 
time of ultrasound acquisition. The total adrenal gland length and fetal zone volume had statistically significant positive correlations 
with EFW (r = 0.69, p = 0.02 and r = 0.84, p = 0.01, respectively). After adjusting for EFW, only the fetal zone volume was 
significantly correlated with fructosamine levels (adjusted-OR = 2.4, 95% CI: 1.5, 3.9, p = 0.01) and HbA1c levels (adjusted-OR = 2.5, 
95% CI: 1.6, 4.3, p = 0.01).
Conclusion: The fetal zone volume is correlated with EFW, fructosamine levels, and HbA1c levels. This non-invasive technique may 
be beneficial as an indirect marker for glycemic monitoring in GDM.
Keywords: fetal adrenal gland, three- dimensional ultrasound, two- dimensional ultrasound, fructosamine level, correlation, 
gestational diabetes mellitus

Introduction
Gestational diabetes mellitus (GDM) is traditionally defined as glucose intolerance that develops or is first recognized 
during pregnancy based on defined thresholds lower than those considered for overt diabetes.1 The prevalence of GDM 
varies between 1.6 −34.9% worldwide, depending on the population studied and the diagnostic criteria used.2 The 
prevalence of GDM is increasing worldwide.3–6 Poor glycemic control has been related to substantial short- and long- 
term consequences for both women and their offspring.7,8 Maintaining good glycemic control is key to reducing the 
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incidence of diabetes-related complications. Fasting blood glucose, postprandial blood glucose, and hemoglobin A1c 
(HbA1c) are common markers of glycemic control. However,

blood glucose concentrations fluctuate substantially due to many causes, such as acute stress and recent feeding 
status.9 Fructosamine, which is a measure of non-enzymatic glycation of circulating proteins, has advantage over HbA1c 
since it is not affected by iron deficiency from pregnancy, hemoglobin turnover, and some medications.9,10 In addition, it 
has been used in GDM screening and monitoring because it reflects glycemic control in the 2 −3 weeks prior to testing, 
while HbA1c indicates glycemic status in the past 2 −3 months.10–12

The fetal adrenal gland is an active endocrine organ and serves as one of the most important glands in the body 
system. It is a key component of the feto-placental unit, which promotes maternal and fetal homeostasis.13 During the 
latter two -thirds of gestation, fetal adrenal glands have an extraordinarily rapid growth rate with steroidogenic activity.14 

Fetal adrenal glands are principally composed of two main distinct zones in the adrenal cortex: the outer definitive zone 
(DZ) and the inner fetal zone (FZ). Each zone has a different functional maturation with ontogeny of expression of 
specific steroidogenic enzymes. The definitive zone— also referred to as the adult cortex, neocortex, or permanent 
zone—is comprised of a narrow band of tightly packed cells that surround the fetal zone. This zone is the site of cortisol, 
dehydroepiandrosterone sulfate (DHEA-S), and mineralocorticoid synthesis. The fetal zone, which constitutes 80 −90% 
of the adrenal gland, is dramatically remodeled during the fetal period, and it atrophies, regresses, and completely 
disappears in the first few months of life. This zone mainly produces DHEA-S and small amounts of cortisol throughout 
the rest of gestation.15

Recent studies have shown that GDM, as a metabolic disease that can lead to hyperinsulinemia, has an impact on fetal 
adrenal gland size, which are more enlarged in women with GDM compared to women without GDM.16,17 However, 
none of these studies determined which factors were related to fetal adrenal gland size or volume in pregnancies 
complicated by diabetes. Thus, our objectives were to evaluate the correlation between fetal adrenal gland size and 
volume observed using two-dimensional (2D) ultrasound measurement in transverse, coronal, and sagittal planes 
and three-dimensional (3D) ultrasound measurement using virtual organ computer-aided analysis (VOCAL) software 
and maternal serum fructosamine levels in GDM patients. In addition, the correlations of fetal adrenal gland measure-
ments, including size and volume, with maternal HbA1c levels, estimated fetal weight (EFW), and neonatal birth weight 
were also included in this study.

Materials and Methods
Participants
This prospective cohort study was performed at GDM clinic in Ramathibodi hospital, Mahidol university from 
January 2019 to December 2019. The study was conducted according to the guidelines of the Declaration of Helsinki 
and approved by the Committee on Human Rights Related to Research Involving Human Subjects of the Faculty of 
Medicine, Ramathibodi Hospital, Mahidol University, Thailand. The participants’ weeks of gestation were determined 
based on the first day of their last menstrual period, and they were confirmed by the first trimester sonographic 
examination. Routine ultrasound screening was done during 18–22 weeks of gestation. The pregnant women with 
maternal or fetal conditions, such as maternal pre-gestational diabetes mellitus, chronic hypertension, cirrhosis, fetal 
anomalies, and intrauterine growth restriction, were excluded. Eighty-four singleton diabetic pregnant women, diagnosed 
through a universal screening using 75-g oral glucose tolerance test (OGTT) at 24 −28 weeks of gestation, were invited 
to participate and asked to provide their written informed consent. All participants were advised regarding lifestyle 
behavior changes, dietary modifications, and instructions for self-glucose monitoring. If their daily blood glucose levels 
could not be controlled, the endocrinologist was consulted to initiate treatment with insulin. All participants were 
followed until delivery with standard antenatal, intrapartum, and postpartum care management.

Measurement Protocols
At 32 to 34 weeks of gestation, the participants underwent transabdominal ultrasound examination using a Voluson E8 
Expert machine (GE Healthcare) equipped with an abdominal 4–8 MHz curvilinear transducer. Each participant 
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underwent a single examination. Initially, fetal biometry and a structural survey were performed to measure the estimated 
fetal weight and to ensure that there was no fetal anomaly. The fetal adrenal gland was identified as the oval-shaped 
structure located superior and medial to the ipsilateral kidneys on the axial plane, with the centrally located fetal zone 
serving as an echogenic zone, as described in Figure 1A. The fetal adrenal gland that was located closer to the ultrasound 
probe was selected for imaging analysis, since there are no statistically significant differences between the parameters of 
the right and left fetal adrenal glands, as shown in a previous study.18 Each patient underwent fetal adrenal gland size and 
volume measurements using 2D and 3D ultrasounds in a single examination. The technique of measuring the fetal 
adrenal gland using 2D ultrasound, which was systematically measured in previous research, was implemented in this 
study.16 The length, width, and depth were measured and recorded on the axial, coronal, and sagittal planes, respectively. 
The length (L), width (W), and depth (D) of the total adrenal gland, as well as the length (l), width (w), and depth (d) of 
the fetal zone, were measured. Three consecutive measurements (in millimeters) of the total adrenal gland and the fetal 
zone were obtained by placing the calipers from the outer border to the opposing outer border, as demonstrated in 
Figure 1B–D. The mean of the values was calculated for the statistical analysis. The fetal zone total adrenal gland ratio of 
each measurement (w/W, l/L, and d/D) was used to control for variation in adrenal size by gestational age.

VOCAL software was applied to evaluate the volume of the fetal adrenal gland in 3D (General Electric Medical 
Systems, Milwaukee, WI). Two independent volumes were obtained for both the total adrenal gland and the fetal zone, as 
characterized by the outer anechoic gland and echogenic inner core, respectively. The 360-degree adrenal gland volume 
was outlined manually from 24 different planes with 15-degree rotations of the volume around the central axis, as 
described in Figure 2A–B. The mean of three consecutive total and fetal zone volumes were computed for the statistical 

Figure 1 Demonstration of left fetal adrenal gland circumference in axial plane (A). Fetal adrenal gland length, width and depth were measured in axial (B), coronal (C) and 
sagittal (D) plane, respectively. 
Abbreviations: Ao, descending aorta; SP, spine; ST, stomach.
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analysis. The ratio of the fetal zone to total volume was calculated. The corrected adrenal gland volume (c-AGV) was 
also calculated by dividing the total adrenal gland volume by the estimated fetal weight.

Intraobserver reliability was maintained by ensuring that the same operator conducted the three consecutive 
measurements. In addition, two complete measurements were compared between two blinded operators to ensure 
interobserver reliability. The intraobserver and interobserver variations calculated using the interclass correlation 
coefficient in 10 random cases, were 0.89 (95% CI: 0.82, 0.98) and 0.84 (95% CI 0.74, 0.97), respectively, which 
indicated high intraobserver and interobserver reliability.

Laboratory Investigation
A maternal peripheral venous blood sample was collected on the day of the fetal adrenal gland measurement, and 
fructosamine and HbA1c levels were tested. The maternal fructosamine levels were determined using a colorimetric 
nitro blue tetrazolium (NBT) assay from Roche, and maternal HbA1c levels were measured using immunoassays, such 
as the Tina-quant® HbA1c assay from Roche. The samples were centrifuged, and the results were reported 
immediately.

Results
Eight-four eligible pregnant women were recruited for this study, three of whom were excluded, as their fetal adrenal 
glands could not be measured properly. Another participant was excluded because she was due to deliver at another 
hospital. The remaining eighty participants were included in the final analysis.

The mean age of the study participants was 32 ± 5.6 years old (range 26–38 years old). Sixty-six (82.5%) participants 
had diet-controlled gestational diabetes (GDMA1). The remaining fourteen (17.5%) had insulin-managed gestational 
diabetes (GDMA2). All the participants had achieved optimal glucose levels using preprandial and postprandial self- 
monitoring of blood glucose at the time of ultrasound acquisition and delivery. The mean EFW was 1995.9 ± 249.7 
g (range 1746–2246 g). Maternal demographic data, maternal biochemical markers, EFW by ultrasonography, and 
neonatal outcomes are shown in Table 1.

In 2D ultrasound measurements, the mean length (l), width (w), and depth (d) of the fetal zones were 17.25 mm, 
2.62 mm, and 1.46 mm, respectively. The mean length (L), width (W), and depth (D) of the total adrenal glands were 
23.19 mm, 5.56 mm, and 3.59 mm, respectively. The ratio between fetal zone and total adrenal gland lengths, widths, and 
depths were 0.74, 0.46, and 0.41, respectively. In the 3D ultrasound measurements, the mean fetal zone and total adrenal 
gland volumes were 367.11 mm3and 1278.45 mm3, respectively. The ratio between fetal zone volume and total adrenal 
gland volume was 0.32. The c-AGV was 0.63. The comparison of adrenal gland measurements between the GDMA1 and 
GDMA2 groups is presented in Table 2. There was no difference in fetal adrenal gland measurements between both 
groups. The fetal adrenal gland measurements in both 2D and 3D ultrasonography are presented in Tables 3–6.

Figure 2 Demonstration of fetal adrenal gland volume: the fetal zone volume (A), the total adrenal gland volume (B).
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Table 1 The Maternal, Fetal and Neonatal Demographic Data

Characteristics Result Mean ± SD or Number (%)

Maternal demographic characteristic

Maternal age (years) 32 ± 5.6

Pre-pregnant BMI (kg/m2) 23.1 ± 5.0

Gestational age at 1st diagnose of GDM (weeks of gestation) 26.5±1.5

GDM with insulin treatment (GDMA2) 14 (17.5)

Maternal biochemical marker

Fructosamine levels (µmol/L) 199.2 ± 15.5

HbA1c levels (%) 5.1 ± 0.4

Estimate fetal weight by ultrasound (grams) 1995.9 ± 249.7

Neonatal outcome

Gestational age at delivery (weeks of gestation) 38.5 ± 1.2

Birth weight (grams) 3050.6 ± 405.1

Macrosomia 6 (7.5)

Plasma glucose at 1 hour after birth 59.5 ± 20.2

Neonatal hypoglycemia 6 (7.5)

Neonatal whom need NICU 0 (0)

Abbreviations: BMI, body mass index; GDM, gestational diabetes mellitus; NICU, neonatal intensive care unit.

Table 2 Comparison of Adrenal Gland Measurement Between GDMA1 and 
GDMA2 Groups

Adrenal Gland 
Ultrasonographic 
Measurement

GDMA1 Group 
(N = 66)

GDMA2 Group 
(N = 14)

p-value

Two dimensions (2D)
Fetal zone

Length (l) 17.16 mm 17.67 mm 0.61

Width (w) 2.63 mm 2.60 mm 0.93

Depth (d) 1.51 mm 1.28 mm 0.37

Total adrenal gland

Length (L) 23.03 mm 23.93 mm 0.36

Width (W) 5.56 mm 5.60 mm 0.94

Depth (D) 3.65 mm 3.33 mm 0.56

Ratio (fetal zone/ total adrenal gland)

Length (l/L) 0.74 0.74 0.89

Width (w/W) 0.46 0.45 0.79

(Continued)
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Table 3 Pearson’s Correlation Between the Fetal Adrenal Gland Ultrasound 
Measurement and Maternal Serum Fructosamine Level

Adrenal Gland Ultrasonographic 
Measurement

Mean Maternal Serum 
Fructosamine Level

Pearson 
Correlation (r)

P- value

Two dimensions (2D)
Fetal zone

Length (l) 17.25 mm 0.05 0.68

Width (w) 2.62 mm 0.10 0.37

Depth (d) 1.46 mm 0.02 0.85

Total adrenal gland

Length (L) 23.19 mm 0.03 0.79

Width (W) 5.56 mm 0.12 0.30

Depth (D) 3.59 mm 0.02 0.82

Ratio (fetal zone/ total adrenal gland)

Length (l/L) 0.74 0.12 0.30

Width (w/W) 0.46 0.08 0.50

Depth (d/D) 0.41 0.29 0.80

Three dimensions (3D)

Fetal zone volume 367.11 mm3 0.15 0.29

Total adrenal gland volume 1278.45 mm3 0.01 0.44

Ratio (fetal zone/ total adrenal 
gland)

0.32 0.06 0.74

c-AGV 0.63 0.02 0.45

Abbreviation: c-AGV, corrected adrenal gland volume.

Table 2 (Continued). 

Adrenal Gland 
Ultrasonographic 
Measurement

GDMA1 Group 
(N = 66)

GDMA2 Group 
(N = 14)

p-value

Depth (d/D) 0.41 0.42 0.85

Three dimensions (3D)

Fetal zone volume 362.30 mm3 389.80 mm3 0.64

Total adrenal gland volume 1280.59 mm3 1268.33 mm3 0.94

Ratio (fetal zone/ total adrenal 
gland)

0.32 0.31 0.93

c-AGV 0.64 0.61 0.70

Abbreviation: c-AGV, corrected adrenal gland volume.
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Table 4 Pearson’s Correlation Between the Fetal Adrenal Gland Ultrasound 
Measurement and Maternal HbA1c Level

Adrenal Gland Ultrasonographic 
Measurement

Mean Maternal HbA1c Level

Pearson 
Correlation (r)

P- value

Two dimensions (2D)
Fetal zone

Length (l) 17.25 mm 0.12 0.33

Width (w) 2.62 mm 0.04 0.56

Depth (d) 1.46 mm 0.18 0.24

Total adrenal gland

Length (L) 23.19 mm 0.20 0.21

Width (W) 5.56 mm 0.03 0.61

Depth (D) 3.59 mm 0.28 0.13

Ratio (fetal zone/ total adrenal gland)

Length (l/L) 0.74 0.02 0.70

Width (w/W) 0.46 0.01 0.99

Depth (d/D) 0.41 0.01 0.87

Three dimensions (3D)

Fetal zone volume 367.11 mm3 0.01 0.82

Total adrenal gland volume 1278.45 mm3 0.01 0.77

Ratio (fetal zone/ total adrenal gland) 0.32 0.02 0.69

c-AGV 0.63 0.04 0.55

Abbreviation: c-AGV, corrected adrenal gland volume.

Table 5 Pearson’s Correlation Between the Fetal Adrenal Gland Ultrasound 
Measurement and Neonatal Birth Weight

Adrenal Gland Ultrasonographic 
Measurement

Mean Neonatal Birth Weight

Pearson 
Correlation (r)

P- value

Two dimensions (2D)
Fetal zone

Length (l) 17.25 mm 0.07 0.52

Width (w) 2.62 mm 0.10 0.39

Depth (d) 1.46 mm 0.04 0.73

Total adrenal gland

Length (L) 23.19 mm 0.12 0.33

Width (W) 5.56 mm 0.01 0.82

(Continued)
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Table 5 (Continued). 

Adrenal Gland Ultrasonographic 
Measurement

Mean Neonatal Birth Weight

Pearson 
Correlation (r)

P- value

Depth (D) 3.59 mm 0.06 0.51

Ratio (fetal zone/ total adrenal gland)

Length (l/L) 0.74 0.03 0.82

Width (w/W) 0.46 0.08 0.46

Depth (d/D) 0.41 0.06 0.60

Three dimensions (3D)

Fetal zone volume 367.11 mm3 0.12 0.33

Total adrenal gland volume 1278.45 mm3 0.10 0.34

Ratio (fetal zone/ total adrenal gland) 0.32 0.18 0.23

c-AGV 0.63 0.02 0.95

Abbreviation: c-AGV, corrected adrenal gland volume.

Table 6 Pearson’s Correlation Between the Fetal Adrenal Gland Ultrasound 
Measurement and Estimated Fetal Weight by Ultrasonographic Measurement

Adrenal Gland Ultrasonographic 
Measurement

Mean Estimated Fetal Weight

Pearson 
Correlation (r)

P- value

Two dimensions (2D)
Fetal zone

Length (l) 17.25 mm 0.47 0.05

Width (w) 2.62 mm 0.29 0.13

Depth (d) 1.46 mm 0.28 0.14

Total adrenal gland

Length (L) 23.19 mm 0.69 0.02

Width (W) 5.56 mm 0.18 0.23

Depth (D) 3.59 mm 0.30 0.12

Ratio (fetal zone/ total adrenal gland)

Length (l/L) 0.74 mm 0.04 0.56

Width (w/W) 0.46 mm 0.10 0.18

Depth (d/D) 0.41 mm 0.08 0.43

Three dimensions (3D)

Fetal zone volume 367.11 mm3 0.84 0.01

Total adrenal gland volume 1278.45 mm3 0.41 0.07

(Continued)
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Tables 3–5 shows the correlation between fetal adrenal gland size measured by 2D and 3D ultrasound scanning and 
maternal fructosamine levels, HbA1c levels, and neonatal birth weight. In 2D ultrasound measurements, the length, 
width, and depth of the fetal zone and total adrenal gland, along with the adrenal gland ratio, did not show any 
statistically significant correlation with fructosamine and Hb1Ac levels (p > 0.05). Likewise, the volumes of the fetal 
zone and total adrenal gland, the adrenal gland ratio, and c-AGV did not demonstrate significant correlations with 
maternal fructosamine levels, maternal HbA1c levels, and neonatal birth weight (p > 0.05).

The correlation between fetal adrenal gland size obtained using both 2D and 3D ultrasound scanning and EFW is 
shown in Table 6. In 2D ultrasound measurements, the length of the total adrenal gland (L) showed a statistically 
significant positive correlation with EFW (r = 0.69, p = 0.02). Through 3D ultrasound measurements, the fetal zone 
volume was demonstrated to have a statistically significant positive correlation with EFW (r = 0.84, p = 0.01). No 
obvious correlation was found between the other fetal adrenal gland parameters and EFW.

Table 7 shows the correlation of fetal adrenal gland measurements with the factors of interest—fructosamine levels, 
HbA1c levels, neonatal birth weight, and macrosomia—after adjusting for EFW. The fetal zone volume was significantly 
correlated with fructosamine levels (adjusted-OR = 2.4, 95% CI: 1.5, 3.9, p = 0.01) and HbA1c levels (adjusted-OR = 
2.5, 95% CI: 1.6, 4.3, p = 0.01). However, there were no statistically significant correlations between fetal adrenal gland 
measurements and other factors.

Table 6 (Continued). 

Adrenal Gland Ultrasonographic 
Measurement

Mean Estimated Fetal Weight

Pearson 
Correlation (r)

P- value

Ratio (fetal zone/ total adrenal gland) 0.32 0.17 0.25

c-AGV 0.63 0.02 0.68

Abbreviation: c-AGV, corrected adrenal gland volume.

Table 7 Adjusted Odds Ratios and 95% Confidence Intervals for Maternal Biochemical Markers and Neonatal Outcomes

Adrenal Gland Measurement Fructosamine Levels HbA1c Levels Neonatal Birth Weight Macrosomia

Adjusted OR  
(95% CI)

Adjusted OR  
(95% CI)

Adjusted OR  
(95% CI)

Adjusted OR  
(95% CI)

Two dimensions (2D)
Fetal zone

Length (l) 0.3 (−0.1, 0.6), p 0.08 0.3 (−1.4, 2.1), p 0.09 0.3 (−0.2, 0.2), p 0.06 2.1 (−4.3, 6.0), p 0.34

Width (w) 0.1 (−0.2, 0.2), p 0.11 0.2 (−0.6, 0.7), p 0.16 0.1 (−0.1, 0.3), p 0.08 0.3 (−1.5, 1.4), p 1.88

Depth (d) 0.1 (−1.2, 1.3), p 0.14 0.2 (−0.3, 0.6), p 0.25 0.1 (−0.1, 0.2), p 0.15 0.3 (−0.9, 0.7), p 0.65

Total adrenal gland

Length (L) 0.4 (−0.1, 0.7), p 0.06 0.3 (−0.1, 0.3), p 0.07 0.4 (−0.3, 0.9), p 0.08 1.3 (−3.3, 5.2), p 0.55

Width (W) 0.3 (−1.1, 1.3), p 0.09 0.1 (−0.2, 0.4), p 0.08 0.1 (−0.1, 0.3), p 0.15 0.4 (−2.2, 2.0), p 0.08

Depth (D) 0.1 (−2.8, 0.3), p 0.13 0.1 (−0.4, 0.8), p 0.26 0.2 (−0.1, 0.4), p 0.16 0.7 (−2.3, 2.2), p 0.97

Ratio (fetal zone/ total adrenal gland)

Length (l/L) 0.2 (−0.2, 0.1), p 0.62 0.4 (−0.4, 0.6), p 0.62 0.3 (- 0.2, 0.5), p 0.54 0.1 (−0.2, 0.3), p 0.43

(Continued)
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Discussion
The findings of this study indicate that fetal adrenal gland measurements using 2D and 3D ultrasonography in the third 
trimester can be visualized and measured adequately in 96.4% of the participants. The total adrenal gland length and fetal 
zone volume are correlated with EFW. After adjusting for EFW, only the fetal zone volume was significantly correlated 
with both maternal fructosamine and HbA1c levels in well-controlled GDM.

A previous study using 2D ultrasound found that the measurements of fetal adrenal gland size in the axial plane were 
significantly enlarged in GDM patients compared to non-diabetic pregnant women.17 The enlargement of the fetal adrenal gland 
in GDM could be explained by the suppression of aromatase activity, which is caused by maternal hyperinsulinemia.19 We 
hypothesized that maternal blood glucose levels would have an effect on fetal adrenal gland size or volume. We used serum 
fructosamine as a marker of blood glucose monitoring because it reflects short-term glycemic status, serves as a good tool for 
monitoring blood glucose levels,12 and has a strong positive correlation with HbA1c levels.20 However, since fructosamine levels 
are a measure of the non-enzymatic glycation of circulating proteins, including albumin, globulins, and lipoproteins, any 
conditions that influence serum albumin concentrations, such as liver cirrhosis or nephrotic syndrome, can interfere with the 
interpretation of the measurement.21 Furthermore, previous studies have reported discordant conclusions about the ability of 
fructosamine to screen for GDM and its association with postpartum glycemic indices or neonatal outcomes.10,22–24

To the best of our knowledge, there is only one study that demonstrates the relationship between fetal adrenal gland 
measurements and maternal glycemic status in women with GDM. Garcia-Flores et al measured the fetal adrenal gland sizes and 
volumes of thirty-nine GDM patients and found that total adrenal gland volume was significantly related to neonatal birth weight 
and maternal HbA1c levels.16 The authors concluded that fetal adrenal gland enlargement was particularly noticeable in terms of 
total adrenal gland volume and that the enlargement could be higher in the definitive zone rather than the fetal zone. Furthermore, 
they found a correlation between total adrenal gland volume and neonatal birth weight but not a correlation between fetal adrenal 
gland measurements and EFW, which is inconsistent with the findings of our study. In our study, we demonstrated that fetal zone 
volume and total adrenal gland length were particularly enlarged and correlated with EFW. When adjusting for the EFW, only 
fetal zone volume was correlated with maternal fructosamine and HbA1c levels. However, the participants in Garcia-Flores 
et al’s study were quite different from those in our study, as more than half of them received treatment with subcutaneous insulin 
(GDMA2). In their study, moreover, there was no data comparing fetal adrenal gland measurements in GDMA1 and GDMA2 
patients and no record of the blood glucose status of pregnant women at the time of delivery.

We encouraged the 3D ultrasonography technique for measuring the fetal adrenal gland rather than the 2D technique. 
Although the former is more time-consuming, it is more accurate and more precise for evaluating the fetal adrenal gland 
due to the gland’s irregular shape. Right adrenal glands were commonly described as an irregular triangle or pyramid 
while most of the left adrenal glands had a half-moon shape and a pyramidal shape only in a few cases.25

Table 7 (Continued). 

Adrenal Gland Measurement Fructosamine Levels HbA1c Levels Neonatal Birth Weight Macrosomia

Adjusted OR  
(95% CI)

Adjusted OR  
(95% CI)

Adjusted OR  
(95% CI)

Adjusted OR  
(95% CI)

Width (w/W) 0.1 (−0.1, 0.2), p 0.29 0.1 (−0.6, 0.4), p 0.16 0.2 (−0.3, 0.8), p 0.10 0.2 (−0.2, 0.5), p 0.93

Depth (d/D) 0.1 (−0.1, 0.2), p 0.45 0.1 (−0.4, 0.4), p 0.43 0.1 (−0.5, 0.9), p 0.25 0.1 (−0.3, 0.2), p 0.63

Three dimensions (3D)

Fetal zone volume 2.4 (1.5, 3.9), p 0.01* 2.5 (1.6, 4.3), p 0.01* 1.8 (−1.3, 3.3), p 0.09 1.3 (−3.4, 5.0), p 0.61

Total adrenal gland volume 4.7 (−3.6, 10.1), p 0.08 5.1 (−3.8, 12.5), p 0.72 2.7 (−2.5, 4.8), p 0.13 3.4 (−4.1, 6.7), p 0.39

Ratio (fetal zone/ total adrenal gland) 0.1 (−0.3, 0.3), p 0.26 0.2 (−0.5, 1.9), p 0.72 0.1 (−0.4, 0.8), p 0.49 0.1 (−0.2, 0.3), p 0.35

c-AGV 0.2 (−0.6, 0.3), p 0.63 0.2 (−0.2, 1.2), p 0.82 0.4 (−0.6, 0.9), p 0.68 0.2 (−0.7, 0.3), p 0.31

Notes: Odds ratios were adjusted for estimated fetal weight by ultrasonography. *P<0.05. 
Abbreviation: c-AGV, corrected adrenal gland volume.
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The strengths of this study were its prospective study design, which allowed for the systematic measurement of fetal 
adrenal glands using 2D and 3D techniques in multiple planes by trained sonographers, and the fact that all the 
participants were followed until delivery. One limitation of the study is the fact that it is single-centered. Another 
limitation is the time frame of the assessment, which was done at a specific point between weeks 32 and 34 of gestation. 
Lastly, all the participants’ glycemic levels were well-controlled, which limits the study as there was a lack of 
heterogeneity in glycemic levels. Consequently, the correlation between fetal adrenal gland measurements and the 
poor glycemic status of women with GDM cannot be analyzed. More useful results can be achieved if future studies 
are multicentered and focus on subgroup analysis of glycemic status. This may be used as a prediction tool to assess the 
possibility of poor glycemic control or adverse neonatal outcomes.

Conclusions
Our study showed that both total adrenal gland length and fetal zone volume were correlated with EFW. After adjusting 
for EFW, only the fetal zone volume was significantly correlated with fructosamine and HbA1c levels. These non- 
invasive techniques may be beneficial as indirect markers for glycemic monitoring in patients with GDM.
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