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ABSTRACT

Aims: To assess the effects of maternal diabetes mellitus on fetal organ development through ultrasonographic assessment of
pancreatic circumference, liver length, and subcutaneous fat thickness in gestational diabetes mellitus (GDM), pregestational
diabetes mellitus (PreGDM), and normal pregnancies. A secondary objective is to evaluate the fetal pancreas-to-liver ratio as a
novel marker of the relative effects of maternal diabetes on different organs.

Methods: This prospective comparative study included 126 pregnant women divided into three groups: GDM (n=42), PreGDM
(n=42), and control (n=42). Ultrasonographic measurements of fetal pancreatic circumference, liver length, and subcutaneous
fat thickness were obtained between 28 and 36 weeks of gestation. Maternal demographic characteristics and birth parameters
were collected from all participants. Receiver operating characteristic (ROC) analysis was performed to evaluate the diagnostic
performance for detecting GDM.

Results: Significant differences were observed in all fetal organ measurements between diabetic and control groups. Fetal
pancreatic circumference was increased in both GDM (90.8+19.2 mm) and PreGDM (90.4£17.0 mm) compared to controls
(81.0£9.8 mm, p=0.007). Fetal liver length showed a significant increase in GDM (53.4+12.2 mm) and PreGDM (51.24+9.6 mm)
versus controls (44.5+£5.6 mm, p<0.001). Fetal fat thickness demonstrated the most dramatic differences: GDM (5.3+1.1 mm)
and PDM (4.8+1.1 mm) versus controls (3.7£0.7 mm, p<0.001). ROC analysis revealed high diagnostic performance for fat
thickness (sensitivity=85%, specificity=79%).

Conclusion: Maternal diabetes mellitus significantly affects fetal organ development, with consistent enlargement across
multiple organ systems. Fetal subcutaneous fat thickness measurement shows high diagnostic potential for GDM screening,
offering a valuable adjunct to traditional screening methods.

Keywords: Gestational diabetes mellitus, pregestational diabetes mellitus, fetal pancreas, fetal liver, ultrasound, prenatal
diagnosis

INTRODUCTION

Diabetes mellitus (DM) during pregnancy, affecting at least
10% of pregnancies worldwide, is one of the most significant
metabolic complications, adversely impacting both maternal
and fetal health." This condition encompasses two distinct
clinical entities: pre-gestational diabetes mellitus (preGDM),
which includes both type 1 and type 2 DM diagnosed before
pregnancy, and gestational diabetes mellitus (GDM) first
identified after 15 weeks of gestation.” PreGDM carries
significant risks for adverse maternal and neonatal outcomes,
including congenital malformations, early pregnancy loss,
preeclampsia, macrosomia, and perinatal mortality, primarily
attributed to hyperglycemia during the periconceptional
period and early organogenesis, when critical fetal
developmental processes are most vulnerable to metabolic
disturbances.” GDM becomes apparent when pancreatic beta-
cell function is unable to compensate for insulin resistance,
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which naturally develops during pregnancy due to hormonal
changes.* It carries similar maternal and neonatal risks, such
as preeclampsia, macrosomia, late intrauterine fetal death,
shoulder dystocia, and operative delivery; however, it does not
increase the risk of congenital malformations.®

The pathophysiological basis for fetal complications in
diabetic pregnancies was first described by Pedersen® in
1954, who proposed that maternal hyperglycemia causes
fetal hyperglycemia, which stimulates pancreatic beta-
cell hyperplasia, fetal hyperinsulinemia, and subsequent
macrosomia. Consistent with this model, known as Pedersen's
hypothesis, clinical and experimental observations have
linked maternal glycemia with fetal pancreatic activity and
growth, as well as increased hepatic size and fat deposition,
due to elevated fetal insulin and insulin-like growth factor-1
levels.”*
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Ultrasonographic assessment of fetal organs provides a
non-invasive way to evaluate the intrauterine metabolic
environment, enabling clinicians to monitor the effects of
maternal diabetes on fetal development during pregnancy and
potentially identify pregnancies at risk for adverse outcomes.
The fetal pancreas undergoes significant morphological
changes in response to maternal hyperglycemia, which
can be identified via ultrasonography by measuring
pancreatic size and evaluating echogenicity patterns.”” Fetal
hepatomegaly is another consequence of maternal diabetes,
and ultrasonographic measurement of fetal liver size has been
suggested as a marker of fetal metabolic status and a predictor
of adverse pregnancy outcomes in diabetic pregnancies.”®
Fetal subcutaneous fat accumulation is a direct result of
fetal hyperinsulinemia, and recent studies have shown that
measuring fetal subcutaneous fat thickness may offer higher
diagnostic accuracy than traditional biometric parameters
for identifying macrosomia and predicting delivery
complications."’

This study aimed to thoroughly assess fetal organ
development in diabetic pregnancies through standardized
ultrasonographic evaluation of various organ systems. Our
primary objectives were to quantify the effects of maternal
diabetes on fetal pancreatic, hepatic, and adipose tissue
development, compare these effects between gestational
and pregestational diabetes, and evaluate the diagnostic
potential of fetal organ measurements for identifying GDM. A
secondary objective involves the evaluation of fetal pancreas-
to-liver ratio as a new combined parameter that may provide
additional insights into the relative effects of maternal
diabetes on different organs. The results of this study will
improve our understanding of how maternal diabetes affects
fetal development and may lead to the development of better
clinical tools for risk assessment and management in diabetic
pregnancies.

METHODS

The study protocol was approved by the Clinical Researches
Ethics Committee of Basaksehir Cam ve Sakura City
Hospital (Date: 12.03.2025, Decision No: 2025/95). Written
informed consent was obtained from all participants prior to
enrollment, and this study was conducted in accordance with
the principles of the Declaration of Helsinki.

This prospective, observational, comparative study was
conducted at a tertiary maternal-fetal medicine center from
February to August 2025. The study population consisted of
126 pregnant women, divided into three groups: (1) PreGDM
group (n=42), (2) GDM group (n=42), and (3) control
group with normal glucose tolerance (n=42). Singleton
pregnancies between 28 and 36 weeks of gestation at the
time of ultrasonographic evaluation were included in the
study. Gestational age was calculated according to the last
menstrual period and was confirmed by first trimester crown-
rump length measurement. Multiple pregnancies, patients
diagnosed with fetal malformations and chromosomal
anomalies, women with hypertension, chronic heart disease,
connective tissue disorders, systemic infections, or any other
pre-existing conditions, as well as cases lacking laboratory
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or ultrasonographic evaluation parameters, were excluded
from the study. Control group participants included women
matched for gestational age who had uneventful pregnancies
and normal glucose tolerance, as confirmed by a 75-g oral
glucose tolerance test. Women with GDM were diagnosed
when one or more values exceeded the following thresholds
in the 75-g oral glucose tolerance test: fasting glucose >92
mg/dl, 1-hour glucose =180 mg/dl, or 2-hour glucose >153
mg/dl. The PreGDM group included women with either
type 1 or type 2 diabetes diagnosed before pregnancy, who
received appropriate diabetes management, including
glucose monitoring and medication adjustments as clinically
indicated.

All ultrasonographic examinations were performed by
experienced maternal-fetal medicine specialists using the
ARIETTA 850 system (Hitachi Medical Corporation, Tokyo,
Japan) equipped with a 3.5 mHz abdominal transducer.
Standardized protocols were employed for all measurements
to ensure consistency and reproducibility. Each patient was
examined once during the study period. Fetal biometric
parameters, including biparietal diameter (BPD), head
circumference (HC), abdominal circumference (AC), and
femur length (FL), were measured according to established
guidelines. The estimated fetal weight (EFW) was then
calculated using the Hadlock formula based on these
measurements. Fetal macrosomia was defined as EFW equal
to or more than 90 percentile for given gestational age."
The pancreas was visualized in the axial-oblique plane of
the fetal abdomen, at the level of the fetal stomach and liver,
avoiding shadowing of fetal spine. The optimal imaging plane
was identified by visualization of the fetal spine posteriorly,
the stomach and liver anteriorly. The pancreas was a slightly
more echogenic structure than liver, located posterior to the
stomach and anterior to the spleen and splenic vessels. The
head of the pancreas is identified anterior to the hepatic artery,
the body is anterior to the splenic artery, and the tail reaches
the left kidney (Figure 1). The pancreatic circumference was
measured from the left margin (tail) to the right margin (head)
by placing electronic calipers around the outer border of the
pancreatic tissue using the continuous trace method. The
liver was visualized in the sagittal plane through the longest
axis, and the liver length was measured as the maximum
craniocaudal dimension from the superior border adjacent to
the diaphragm to the inferior border of the right hepatic lobe
(Figure 2). Fetal subcutaneous fat thickness was measured
in the transverse plane at the level of the fetal abdomen, on
the anterior abdominal wall, by placing electronic calipers at
the inner border of the subcutaneous fat layer and the outer
border of the fetal skin, perpendicular to the skin surface
(Figure 3). Three separate measurements were obtained for
each parameter, with the final value calculated as the mean
of all acceptable measurements. The pancreas-to-liver ratio
was calculated as a composite parameter designed to assess
the relative changes in hepatic and pancreatic dimensions
in response to maternal diabetes. This ratio was calculated
by dividing the fetal liver length measurement by the fetal
pancreatic circumference measurement for each individual
case. Cases with suboptimal visualization due to technical
factors were excluded from analysis to ensure measurement
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reliability. The reproducibility of measurements was assessed
through inter-observer and intra-observer reliability studies,
with intraclass correlation coeflicients exceeding 0.90
considered acceptable for clinical use.
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Figure 1. Sonographic imaging of the fetal pancreas on the axial-oblique plane
with circumference measurement using the tracing method.
Ao: Aorta, Lv: Liver, St: Stomach, Sp: Spleen, SA: Splenic artery

Figure 2. Fetal liver length measurement from the superior border adjacent
to the diaphragm to the inferior border of the right hepatic lobe in the sagittal
plane

Figure 3. Fetal subcutaneous fat thickness measurement in the transverse plane
on the anterior abdominal wall, from the inner border of the subcutaneous fat
layer to the outer border of the fetal skin.

Maternal demographic characteristics, body-mass index
(BMI), medical history, pregnancy course, and outcomes,
including gestational age at delivery, mode of delivery,
birthweight, and Apgar scores at 1 and 5 minutes, were
collected for all participants. Diabetes-related information
was documented for all patients in the diabetic groups,
including diagnostic test results and management approaches.

Statistical Analysis

All data analyses were performed using IBM SPSS Version
24.0 (Chicago, IL, USA). Continuous variables were presented
as meantstandard deviation (SD) or median (interquartile
range) according to normality, assessed by the Kolmogorov-
Smirnov test. Comparative analysis between study groups was
performed using one-way analysis of variance (ANOVA) for
normally distributed continuous variables, followed by post-
hoc pairwise comparisons using Tukey’s honestly significant
difference test. The Kruskal-Wallis test was used for non-
normally distributed variables. Categorical variables were
compared using chi-square tests or Fisher’s exact tests when
appropriate.

Receiver operating characteristic (ROC) curve analysis was
conducted to assess the predictive performance of pancreas
circumference, liver length, and fat thickness for the diagnosis
of GDM. Optimal cut-off values were determined by the
Youden index. Sensitivity, specificity, area under the curve
(AUC), and 95% confidence intervals (CI) were calculated. A
p-value <0.05 was considered statistically significant.

RESULTS

A total of 126 pregnant women were enrolled in this
prospective study and divided into three groups: 42 women
with PreGDM, 42 women with GDM, and 42 women without
diabetes, serving as a control group. The clinical features and
perinatal outcomes of all patients are given in Table 1. The
mean maternal age, parity, BMI, gestational age at assessment
and delivery, birth weight, and 5-minute Apgar scores
showed no significant differences among the groups. The
rate of macrosomia (EFW > 90th percentile for gestational
age) was significantly higher in patients with GDM and
PreGDM compared to the control group (p<0.001). There
were no cases of macrosomia in the control group (0%), while
16 cases (51.6%) occurred in the GDM group, and 15 cases
(48.4%) were in the PreGDM group. Birth weight showed a
trend toward higher values in the diabetic groups, with means
of 3225+413 grams in the control group, 32344448 grams in
the GDM group, and 3369+483 grams in the PreGDM group;
however, this difference did not reach statistical significance
(p=0.263).

The sonographic measurements of fetal organs are given
in Table 2. Significant differences were observed in all
measured fetal organ parameters between diabetic and
control groups, providing strong evidence for the systemic
effects of maternal diabetes on fetal organ development. The
pancreatic circumference was significantly increased in both
diabetic groups compared to the control group. The mean
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Table 1. The clinical features and perinatal outcomes of patients

Control GDM PreGDM o
(n=42) (n=42) (n=42) p
Maternal age (year)  32.4+6.6 32.6£5.8 32.246.3 0.946
Parity 1.6+1.2 1.8+1.5 1.6+1.0 0.561
BMI 323447  32.5+43 32.7+4.7 0.880
Gestationalageat 353,30 379334 31.9+2.7 0.302
assessment
Macrosomia 0 (0%) 16 (51.6%)* 15 (48.4%)**  <0.001
Gestationalageat 355,11 375416 37.240.8 0.469
delivery
Birthweight 32054413 32344448  3369+483 0263
(grams)
5-min Apgar score 8.6+0.5 8.6+0.5 8.3%1.1 0.129

GDM: Gestational diabetes mellitus, PreGDM: Pregestational diabetes mellitus, BMI: Body-mass
index, a: Level of significance p<0.05

*Significantly different between the GDM and control group
** Significantly different between the PreGDM and control group

Table 2. Sonographic measurements of fetal organs

Control group GDM PreGDM .
(n=42) n=42) (n=42) p
Fetal pancreas 81+9.8 90.8419.2  90.4+17  0.007
circumference (mm)
Fetal liver length (mm) 44.5+5.6 53.4+£12.2 51.249.6 <0.001
Fetal fat thickness (mm) 3.7+0.7 5.3+1.1 4.8+1.1  <0.001
Fetal pancreas -liver ratio 1.82+0.14 1.74+£0.38 1.79+0.34 0.456

GDM: Gestational diabetes mellitus, PreGDM: Pregestational diabetes mellitus, a: Level of

significance p<0.05

pancreatic circumference was 81.0+9.8 mm in the control
group, 90.8+19.2 mm in the GDM group, and 90.4+17.0 mm
in the PreGDM group (p=0.007). These findings represent
approximately 12% increases in pancreatic circumference in
both diabetic groups compared to the control group, with
remarkably similar values between the GDM and PreGDM
groups. Fetal liver length and fetal fat thickness were also
significantly increased among the groups (p<0.001). The
mean fetal liver length was 44.5+5.6 mm in the control group,
while it was measured 53.4+12.2 mm in the GDM group,
and 51.249.6 mm in the PreGDM group (p<0.001). These
represent 20% and 15% increases in liver length for GDM
and PreGDM groups, respectively, compared to the control
group. The mean subcutaneous fat thickness was 3.7+0.7 mm
in the control group, 5.3£1.1 mm in the GDM group, and
4.8+1.1 mm in the PreGDM group (p<0.001). These represent
significant increases of 43% and 30% in fat thickness for
GDM and PreGDM groups, respectively. Fetal pancreas-to-
liver ratio was not significantly different between the groups,
with values of 1.82+0.14 in the control group, 1.74+0.38 in the
GDM group, and 1.79+0.34 in the PreGDM group (p=0.456).

ROCs analysis for the performance of fetal pancreas
circumference, fetal liver length, and fetal fat thickness for the
prediction of GDM is shown in Table 3. Among fetal organ
measurements, fetal subcutaneous fat thickness demonstrated
the best diagnostic performance in distinguishing between
the control group and pregnancies with GDM, with an AUC
of 0.89 (95% CI: 0.82-0.95, p<0.001) (Figure 1). An optimal
cut-off value of 4.25 mm provided a sensitivity of 85% and a
specificity of 79%, indicating a strong potential as a clinical
screening parameter. Fetal liver length showed a good
diagnostic performance with an AUC of 0.74 (95% CI: 0.63-
0.85, p<0.001). ROC curves for liver length demonstrated
that a cut-off value of 48.8 mm had a sensitivity of 66% and
a specificity of 79% for detecting GDM, suggesting moderate
clinical utility. Fetal pancreatic circumference demonstrated
moderate diagnostic performance with an AUC of 0.67
(95% CI: 0.54-0.79, p=0.008). An optimal cut-off value of 85
mm yielded a sensitivity of 64% and a specificity of 60% in
predicting GDM, indicating limited utility compared to other
parameters.

DISCUSSION

This comprehensive study provides compelling evidence
of the profound effects of maternal diabetes on fetal organ
development, revealing significant alterations in pancreatic
circumference, liver length, and subcutaneous fat thickness
in both gestational and pregestational diabetic pregnancies.
These findings contribute to our understanding of diabetic
embryopathy and Pedersen’s hypothesis, suggesting that
maternal hyperglycemia leads to fetal hyperglycemia,
pancreatic beta-cell hyperplasia, fetal hyperinsulinemia,
and subsequent macrosomia, by quantifying the magnitude
of organ-specific changes in response to different types of
maternal diabetes.®

The high rate of macrosomia observed in both diabetic groups
(51.6% in GDM and 48.4% in PreGDM), compared to the
complete absence in the control group, aligns with existing
literature documenting the increased risk of fetal overgrowth
in diabetic pregnancies.'”” The similar macrosomia rates
between the GDM and PreGDM groups support the
concept that both conditions create comparable intrauterine
environments that promote excessive fetal growth."”

The most striking finding of this study is the consistent
pattern of fetal organ enlargement, with varying effect sizes
across all measured parameters in diabetic pregnancies.
The 12% increase in fetal pancreatic circumference, 15-20%
increase in liver length, and 30-43% increase in subcutaneous
fat thickness in diabetic patients reflect the systemic nature
of fetal adaptations to the altered intrauterine hyperglycemic
environment, consistent with the literature.>* The remarkable

Table 3. ROC analysis for the performance of fetal pancreas circumference, fetal liver length, and fetal fat thickness for the prediction of GDM

Cut-off value Sensitivity Specificity AUC %95 CI pa
Fetal pancreas circumference 85 64% 60% 0.67 0.54-0.79 0.008
Fetal liver length 48.8 66% 79% 0.74 0.63-0.85 <0.001
Fetal fat thickness 4.25 85% 79% 0.89 0.82-0.95 <0.001

ROC: Receiver operating characteristic, GDM: Gestational diabetes mellitus; AUC: Area under the curve, CI: Confidence interval, a: Level of significance p<0.05
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similarity in the magnitude of organ changes between the
gestational and pregestational diabetes groups represents an
important finding of our study. Despite the different timing
of onset and potentially different severity of metabolic
disturbance, both types of maternal diabetes caused similar
effects on fetal organ development, suggesting that the
fetal response to hyperglycemia is mainly influenced by the
degree and duration of metabolic exposure during critical
developmental periods rather than the underlying cause of
maternal diabetes.” This observation has important clinical
implications, as it indicates that management strategies and
monitoring protocols could be used for both conditions to
prevent the adverse effects of hyperglycemic state.

Our findings suggest a significant increase in pancreatic
circumference in both diabetic groups, providing direct
ultrasonographic evidence of the beta-cell response to chronic
hyperglycemia exposure. Liao et al.”” recently assessed fetal
pancreatic parameters in healthy and diabetic pregnancies
and reported that poorly controlled diabetic patients had
an increased pancreatic midline long axis diameter and
circumference. Similarly, Gilboa et al.” found that the mean
Z-score of pancreatic circumferences peaked at 24 weeks and
declined until 37 weeks of gestation, relating this finding to
improved hyperglycemia soon after the initiation of treatment
following the diagnosis of GDM. In another study, Akkaya
et al.’ investigated fetal pancreatic hyperechogenicity as
an early ultrasonographic sign in gestational diabetes and
provided complementary evidence for the pancreatic changes
we observed, demonstrating that both morphological and
echogenic alterations occur in response to maternal diabetes.
They found that a hyperechogenic pancreas was associated
with a 29.8-fold increased risk of gestational diabetes,
suggesting that multiple aspects of pancreatic development
are affected by the altered metabolic environment.’ Similarly,
in a recent study, Golbasi et al.'® reported that fetal pancreatic
size and echogenicity were significantly higher in pregnancies
complicated by GDM than in the control group.

The pronounced liver enlargement observed in our study, with
liver length increases of 15-20% in diabetic pregnancies, aligns
with the literature suggesting fetal liver length as a potential
predictor of GDM.? The hepatic enlargement likely results
from multiple mechanisms, including increased glycogen
synthesis and storage, enhanced lipogenesis, and overall
hepatocyte enlargement in response to the hyperinsulinemic
environment.”” The comprehensive study by Tekin et al.” on
ultrasonographic evaluation of multiple fetal organsin diabetic
pregnancies provides the most directly comparable data to
our investigation. In their study, they observed a significant
increase in fetal liver length in diabetic pregnancies, aligning
with our findings, and they identified liver length as the
strongest independent predictor of maternal diabetes.”

Our findings demonstrated a 30-43% increase in fetal
subcutaneous fat thickness in pregnancies complicated by
diabetes compared with the control group, identifying it as
the most sensitive marker of fetal metabolic adaptation to
maternal diabetes in this study. This observation is consistent
with the findings of Elessawy et al,’ who suggested fetal
subcutaneous fat thickness may serve as a useful tool in

predicting macrosomia, as it is significantly increased
in diabetic pregnancies. Stanirowski et al.'* recently
demonstrated that fetal fat mass is significantly increased in
pregnancies with GDM treated with insulin and type 1 DM,
and fetal abdominal fat mass may find application in the
management of diabetes in addition to standard biometric
measurements. This relation can be explained by the potent
effect of insulin on adipogenesis and fat storage, as well
as the hyperinsulinemic environment caused by maternal
diabetes, which leads to accelerated fetal fat accumulation and
significantly contributes to the development of macrosomia.'’
In addition to subcutaneous fat accumulation, other fetal
fat compartments may also reflect intrauterine metabolic
conditions. Increased fetal epicardial fat thickness has been
reported in pregnancies complicated by GDM and has been
associated with perinatal outcomes, suggesting that fetal fat
distribution may represent an additional indicator of fetal
metabolic status.'® In this context, the study by Iskender et al."®
demonstrated that fetal epicardial fat thickness is increased
in GDM pregnancies and may reflect altered intrauterine
glucose metabolism. These findings further support the
concept that fetal adipose tissue measurements obtained by
ultrasonography may provide valuable insights into fetal
metabolic adaptation in diabetic pregnancies.

In our study, we also evaluated the pancreas-to-liver
ratio to determine whether organ enlargement occurred
proportionally and found that this ratio is preserved despite
significant enlargement of both organs. This finding likely
reflects coordinated growth responses that maintain
functional relationships between metabolically related organ
systems, rather than isolated organ-specific responses.® Our
findings align with those of a recent study by Arica et al.,”
which evaluated the pancreatic circumference (PC)/AC ratio
and demonstrated a close relationship between pancreatic
circumference and AC. The authors assumed that due to this
close relationship, PC/AC ratio would be more valuable than
absolute PC to determine fetal pancreatic abnormalities in
altered fetal conditions.

To evaluate the potential clinical utility of fetal organ
measurements for identifying pregnancies complicated
by GDM, ROC curve analysis was performed for each
ultrasonographic parameter. Fetal pancreatic circumference
showed moderate diagnostic performance in predicting
GDM, with an optimal cut-off value of 85 mm, yielding
a sensitivity of 64% and a specificity of 60%. The AUC was
0.67 (95% CI: 0.54-0.79), indicating statistically significant
but modest discriminatory ability. While the results of this
analysis confirm that fetal pancreatic circumference is
indeed associated with GDM, the moderate sensitivity and
specificity values suggest that this parameter alone may not
be sufficient for clinical screening. Guleroglu et al.** evaluated
the predictive potential of pancreatic circumference in
GDM at 20-22 and 24-28 weeks of gestation and found
no association between pancreatic circumference and the
likelihood of developing GDM. Similarly, Arica et al."” showed
that pancreatic measurements were not effective in predicting
GDM. However, Gilboa et al.” reported that fetal pancreatic
circumference above the 80" percentile had higher predictive
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capacity than the oral glucose tolerance test. In our study, fetal
liver length demonstrated superior diagnostic performance
compared to pancreatic circumference, with an optimal
cut-off value of 48.8 mm providing 66% sensitivity and 79%
specificity for detecting GDM. This may be due to the liver’s
role in glucose metabolism and the hepatomegaly in diabetic
pregnancies. Fetal subcutaneous fat thickness demonstrated
the best diagnostic performance among all measured
parameters, with an optimal cut-off value of 4.25 mm
providing a sensitivity of 85% and specificity of 79%. The AUC
was 0.89 (95% CI: 0.82-0.95), indicating the highest diagnostic
accuracy achieved in this study. This finding suggests that
fetal fat thickness measurement could potentially serve as a
valuable adjunct to existing GDM screening protocols. The
high diagnostic performance of fetal fat thickness, reflecting
the profound effects of maternal diabetes on fetal adipogenesis,
combined with its relatively simple measurement technique,
makes it the most promising candidate for clinical application
among the parameters studied. The potential for combining
multiple ultrasonographic parameters to enhance diagnostic
accuracy represents a significant area of clinical interest.
While individual measurements showed varying diagnostic
performances, a multiparametric approach incorporating fat
thickness, liver length, and potentially other parameters could
achieve even higher sensitivity and specificity than individual
measurements alone.'”** These findings could improve GDM
detection rates and enable earlier intervention in high risk
pregnancies.

Limitations

The strengths of our study include its prospective, comparative
design with clearly defined GDM, PreGDM, and control
groups, as well as the use of ROC analysis, which enables a
quantitative assessment of diagnostic performance. However,
our study has several important limitations to consider when
interpreting the results. The cross-sectional nature of the
measurements limits our ability to evaluate the longitudinal
development of organ changes throughout pregnancy.
Although the study was prospectively designed and included
balanced study groups, the overall sample size was relatively
limited. Another limitation of this study is the absence of a
formal a priori power calculation. While statistical analysis
confirmed that the study was adequately powered to detect
differences in primary outcome parameters, larger multicenter
studies with predefined sample size calculations are needed to
improve generalizability and external validity across different
populations and clinical settings. Additionally, focusing on
specific gestational age ranges might not fully capture the
complete spectrum of fetal organ development changes that
occur throughout pregnancy. The last limitation of this study
is the lack of detailed maternal glycemic control parameters,
such as serial HbAlc measurements or continuous glucose
monitoring data, which may have provided additional insight
into the relationship between maternal metabolic control and
fetal organ development.

CONCLUSION

This study demonstrates that maternal diabetes, regardless of
the type or timing of onset, significantly affects fetal organ
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development, resulting in consistent patterns of enlargement
in pancreatic, hepatic, and adipose tissue measurements.
Similar effects observed in both gestational and pregestational
diabetes suggest common pathophysiological mechanisms
and support a unified approach for fetal assessment in diabetic
pregnancies. Fetal subcutaneous fat thickness measurement
shows excellent diagnostic potential for GDM screening, and
could serve as a valuable screening tool, particularly when
integrated with traditional screening methods. These findings
support the integration of standardized fetal organ assessment
into clinical practice for improved risk stratification, earlier
detection of GDM, and optimization of management strategies
in diabetic pregnancies. Future research efforts should evolve
from screening and diagnosis to longitudinal investigations
that focus on multiparametric scoring systems, therapeutic
interventions, and prediction of pregnancy outcomes.
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