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ABSTRACT

Background:

Gestational diabetes mellitus (GDM) remains one of the most common metabolic complications of
pregnancy. Early identification of women at risk is essential to reduce maternal and neonatal morbidity.
Gamma-glutamyl transferase (GGT), a marker of oxidative stress and hepatic insulin resistance, has
been associated with type 2 diabetes. Its role in predicting GDM during early pregnancy requires
further clarification.

Methods:

We conducted a retrospective cohort study over a one-year period including 80 pregnant women in
their first trimester (6—13 weeks gestation). First-trimester serum GGT levels were recorded. All
participants underwent a 75-g oral glucose tolerance test (OGTT) at 24-28 weeks, and GDM was
diagnosed using IADPSG criteria. Logistic regression analysis was performed to evaluate the
independent association between GGT and GDM. Receiver operating characteristic (ROC) curve
analysis was used to determine predictive performance.

Results:

Among 80 participants, 28 (35%) developed GDM. Mean first-trimester GGT levels were significantly
higher in women who later developed GDM (32.5 + 7.2 U/L) compared to those who did not (24.1 +
5.8 U/L). Elevated GGT was independently associated with GDM (adjusted odds ratio 3.21; 95% CI
1.32-7.83; p = 0.009). ROC analysis demonstrated acceptable predictive performance. Sensitivity and
specificity of first-trimester GGT for predicting GDM were 71.88% and 80%, respectively.
Conclusion:

First-trimester serum GGT is significantly associated with subsequent development of GDM. As a
routinely available and inexpensive test, GGT may serve as an early risk stratification marker in
antenatal care. Larger prospective studies are warranted to validate these findings.
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Introduction

Gestational diabetes mellitus (GDM) is one of
the most common metabolic complications of
pregnancy, and its global prevalence continues to
rise [1]. The increasing burden is particularly
notable in Asian populations, where metabolic

risk manifests earlier and more aggressively [2].
GDM is no longer considered a transient
condition limited to pregnancy rather, it reflects
underlying insulin resistance and [-cell
dysfunction, with long-term consequences for
both mother and child [1,2].
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The pathophysiology of GDM involves
progressive insulin resistance driven by placental
hormones and maternal metabolic adaptation.
When pancreatic B-cell compensation becomes
inadequate, hyperglycaemia develops. Maternal

hyperglycaemia is associated with fetal
hyperinsulinemia, macrosomia, neonatal
hypoglycaemia, and long-term  metabolic

susceptibility in the offspring [1,3]. Increasing
evidence also suggests that maternal metabolic
dysfunction influences fetal liver programming
and intergenerational transmission of metabolic
disease [3.,4].

The liver plays a central role in glucose and lipid
metabolism during pregnancy. It functions as a
metabolic sensor integrating insulin signalling,
lipid accumulation, and oxidative stress pathways
[5]. Subclinical hepatic dysfunction and early
pregnancy steatosis have been shown to increase
the risk of subsequent GDM [6,7]. Oxidative
stress has emerged as a critical mediator in this
process, contributing to hepatic insulin resistance
and impaired glucose homeostasis [8].

Several biochemical markers have been
investigated for early prediction of GDM. Indices
such as the fatty liver index [6], triglyceride—
glucose (TyG) index and related composite
indicators [9,10], remnant cholesterol to high-
density lipoprotein ratio [11], and ferritin-related
oxidative markers [12] have demonstrated
varying predictive value. Machine learning
models incorporating metabolic parameters have
also been explored to enhance early risk
stratification [13]. However, many of these
approaches require complex calculations or
specialized assays that may not be feasible in
routine antenatal practice.

Gamma-glutamyl transferase (GGT) is a hepatic
enzyme involved in glutathione metabolism and=
oxidative stress regulation. Elevated GGT levels
reflect increased oxidative stress and hepatic
insulin resistance [14]. Experimental and clinical=
evidence suggests that GGT is associated with
insulin resistance in pregnant women and may®
serve as an early biochemical marker of
metabolic dysfunction [15]. Reviews examining
the link between liver enzymes and GDM further=
support this biological plausibility [16]. =
Recent observational studies have reported thate
elevated first-trimester GGT levels are®
independently associated with increased risk ofe
GDM, particularly among women with higher

pre-pregnancy body mass index [7,17]. Large
retrospective  cohort  studies have also
demonstrated that first-trimester liver enzyme
elevations can predict subsequent GDM
development [18]. These findings suggest that
GGT, a routinely available and inexpensive
laboratory parameter, may have clinical utility as
an early screening marker.

Despite these advances, variations persists in
reported cut-off values, diagnostic performance,
and adjustment for confounding variables.
Further validation in different populations using
contemporary diagnostic criteria is required.
Therefore, the present study was conducted to
evaluate whether elevated first-trimester serum
gamma-glutamyl  transferase  levels  are
independently associated with the subsequent
development of gestational diabetes mellitus in a
defined antenatal cohort.

Materials and Methods

Study Design and Setting

This retrospective cohort study was conducted at
Saveetha medical college hospital over a one-
year period from January 2025 to January 2026.
The study was designed to evaluate the
association  between first-trimester  serum
gamma-glutamyl transferase (GGT) levels and
the subsequent development of gestational
diabetes mellitus (GDM).Our hospital serves as a
referral centre for both urban and semi-urban
populations, providing comprehensive antenatal
care and laboratory services.

Study Population

Eighty pregnant women in their first trimester
(613 weeks of gestation) were included in the
study. Eligible participants were those who:

Had serum GGT levels measured during the first
trimester as part of routine antenatal
investigations

Underwent a 75-g oral glucose tolerance test
(OGTT) between 24-28 weeks of gestation

Had complete clinical and laboratory records
available

Women were excluded if they had:

Pre-existing diabetes mellitus

Known chronic liver disease

Renal disease

Thyroid disorders

Alcohol consumption
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Use of medications known to affect liver
enzymes

Data Collection

Data were retrieved from hospital electronic
medical records. The following variables were
recorded:

Maternal age

Body mass index (BMI) at booking visit

Parity

Family history of diabetes

First-trimester serum GGT levels -
OGTT results at 24-28 weeks
Serum GGT was measured using a standard
automated enzymatic method in the hospital.

laboratory. Internal quality control protocols

were followed throughout the study period.

Diagnostic Criteria for GDM

Gestational diabetes mellitus was diagnosed
using the International Association of Diabetes
and Pregnancy Study Groups (IADPSG) criteria.
After an overnight fast, a 75-g OGTT was
performed between 24-28 weeks of gestation.
GDM was diagnosed if any one of the following
plasma glucose values was met:

Fasting > 5.1 mmol/L

1-hour > 10.0 mmol/L

2-hour > 8.5 mmol/L

Participants were categorized into:

GDM group

Non-GDM group

Statistical Analysis
Statistical analysis was performed using SPSS
version 26.0. Continuous variables were

expressed as mean + standard deviation (SD),
and categorical variables were expressed as
frequencies  and  percentages.Comparisons
between GDM and non-GDM groups were
performed using:
Independent sample
variables

Chi-square test for categorical variables

t-test for continuous

To evaluate whether first-trimester GGT
independently  predicted GDM, logistic
regression analysis was performed.

Multivariate Model

A multivariate logistic regression model was
constructed adjusting for potential confounders
including: Maternal age and Body mass index
(BMI). Adjusted odds ratios (ORs) with 95%

confidence intervals (CI) were calculated. A p-

value < 0.05 was considered statistically
significant.
Receiver Operating Characteristic (ROC)
Analysis

Receiver operating characteristic (ROC) curve
analysis was performed to assess the predictive
performance of first-trimester GGT levels for
GDM.The following diagnostic parameters were
calculated:

Area under the curve (AUC)

Sensitivity

Specificity

Positive predictive value (PPV)

Negative predictive value (NPV)

The optimal cut-off value was determined based
on the best balance between sensitivity and
specificity.

Ethical Considerations

The study protocol was reviewed and approved
by the Institutional Ethics Committee. As this
was a retrospective analysis of anonymized
patient records, individual informed consent was
waived. All data were handled confidentially in
accordance with institutional guidelines.

Results

Baseline Characteristics

A total of 80 pregnant women in the first
trimester were included in the analysis. Among
them, 28 women (35%) subsequently developed
gestational diabetes mellitus (GDM), while 52
women (65%) remained normoglycaemic. The
mean first-trimester serum GGT level was
significantly higher in women who later
developed GDM compared to those who did not
(32.5+ 7.2 U/L vs 24.1 £ 5.8 U/L, p < 0.001).
Maternal age and body mass index (BMI) were
also assessed as potential confounders and were
included in multivariate analysis.

Table 1. Comparison of First-Trimester

Serum GGT Levels Between GDM and Non-

GDM Groups

Variable GDM (n | Non-GDM p-
=28) (n=152) value

Mean GGT | 32.5 +|24.1+58 <0.001

(UL) 7.2

Number 28 (35%) | 52 (65%) —

(%)
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Association Between First-Trimester GGT
and GDM

Univariate analysis demonstrated a significante
association between elevated first-trimester GGTe
levels and subsequent development of GDM. One
multivariate logistic regression analysis, aftery
adjusting for maternal age and BMI, elevated
GGT remained an independent predictor of
GDM.The adjusted odds ratio (OR) was 3.21
with

95% Confidence Interval (CI) with a p value of
0.009. This indicates that women with elevated
first-trimester GGT had more than three times
higher odds of developing GDM compared to
those with lower levels.

Table 2. Multivariate Logistic Regression
Analysis for Prediction of GDM

the optimal cut-off wvalue, the
diagnostic parameters were observed:
Sensitivity: 71.88%

Specificity: 80%

Positive Predictive Value (PPV): 65.5%
Negative Predictive Value (NPV): 83.7%

These findings indicate that first-trimester GGT
has reasonable accuracy as an early screening
marker for GDM.

following

Table 3. Diagnostic Performance of First-
Trimester GGT

Parameter Value
Area Under Curve (AUC) 0.802
Sensitivity (%) 71.88%
Specificity (%) 80.0%
Positive Predictive Value (%) 65.5%
Negative Predictive Value (%) 83.7%

Variable Adjusted | 95% p-
Odds Confidence | value
Ratio Interval
(OR)

Elevated 3.21 1.32-7.83 0.009

First-

Trimester

GGT

Diagnostic Performance of First-Trimester
GGT

Receiver operating characteristic (ROC) curve
analysis was performed to assess the predictive
accuracy of first-trimester GGT levels.The area
under the ROC curve (AUC) was 0.802.

ROC Curve for First-Trimester GGT (AUC = 0.802)

1.04
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Figure 1. Receiver Operating Characteristic
(ROC) Curve of First-Trimester GGT for
Prediction of Gestational Diabetes Mellitus
(AUC = 0.802).

This  demonstrates  good  discriminatory
performance of GGT in distinguishing women
who developed GDM from those who did not. At

Discussion

In this retrospective cohort study, we found that
first-trimester serum gamma-glutamyl transferase
(GGT) levels were significantly higher in women
who subsequently developed gestational diabetes
mellitus. Even after adjusting for maternal age
and body mass index, elevated GGT remained an
independent predictor of GDM with an adjusted
odds ratio of 3.21. ROC analysis showed good
discriminatory performance with an AUC of
0.802.

From a clinical point of view, this is important.
We are not measuring an exotic biomarker. GGT
is a routine liver enzyme available in almost
every hospital laboratory. Yet it appears to
capture early metabolic dysfunction before
glucose intolerance becomes clinically apparent.
Hepatic Dysfunction and GDM The
Biological Link

Recent study has clarified that GDM is not
purely a pancreatic disorder. It is increasingly
recognised as a state of systemic metabolic
dysregulation involving the liver, adipose tissue,
and skeletal muscle [1,5].The liver acts as a
metabolic sensor during pregnancy. It integrates
insulin signaling, lipid flux, and oxidative stress
[5]. Subclinical hepatic steatosis in early
pregnancy has been shown to increase the risk of
later GDM [6]. This supports the idea that
hepatic insulin resistance precedes
hyperglycaemia.

GGT is involved in glutathione metabolism and
reflects oxidative stress burden. Oxidative stress
has been implicated in the pathogenesis of GDM

1JDDT, Volume 16 Issue 38s, 2026

Page 572




Early Hepatic Signal of Risk: First-Trimester Gamma-Glutamyl Transferase as an Independent
Predictor of Gestational Diabetes Mellitus

and insulin resistance [8,14]. Elevated GGT may
therefore represent early hepatic stress, fatty
infiltration, or subtle metabolic imbalance long
before fasting glucose becomes abnormal.This
explanation aligns well with our findings.

Our results are consistent with several recent
studies. Li et al. demonstrated that elevated first-
trimester GGT was associated with subsequent
GDM, particularly in women with higher pre-
pregnancy BMI [7]. In their study, the predictives
association remained significant even aftere
adjusting for confounders, similar to oure
findings. .
Chen et al., in a large retrospective cohort study,
reported that first-trimester liver enzyme
elevations independently predicted GDM [18].
Their population size was larger, but the
direction of association is consistent with our
data. Hassan and colleagues also reported that
GGT could serve as an early predictor of GDM
in antenatal women [15]. However, heterogeneity
in cut-off values and sensitivity across studies
has been observed. This variation may be related
to ethnic differences, BMI distribution, and
baseline metabolic profiles.Popova et al.
reviewed the relationship between liver enzymes
and GDM and concluded that hepatic markers are
not merely incidental findings but may reflect
underlying metabolic dysfunction central to
GDM pathophysiology [16].

More recently, metabolic indices such as the fatty
liver index [6], triglyceride—glucose index [9],
TyG-derived composite indicators [10], and
remnant cholesterol ratios [11] have been
proposed as predictors of GDM. These markers
essentially capture hepatic insulin resistance and
lipid dysregulation mechanisms that GGT may
indirectly represent. Compared to these
composite indices, GGT is simpler and more
practical. It does not require multiple laboratory
inputs or calculations.

The AUC of 0.802 in our study indicates good
discriminatory ability. In clinical terms, this
means that GGT performs meaningfully better
than chance and has reasonable predictive
accuracy. Sensitivity of 71.88% suggests that
nearly three-fourths of women who will develop
GDM can be identified early. Specificity of 80%
indicates acceptable false-positive rates for a
screening parameter. We must be realistic. GGT
alone cannot replace OGTT. But as an early risk
stratification tool at booking visit, it has value. It

can help us identify women who require closer
surveillance, early dietary counselling and tighter
weight monitoring.

Clinical Implications
In routine antenatal practice, the booking visit is
often the only opportunity for early metabolic
assessment. If elevated GGT is detected at 8-10
weeks, we can:

Intensify lifestyle counselling

Monitor weight gain more strictly

Consider earlier glucose testing

Educate the patient regarding GDM risk

This approach is especially
populations with high background metabolic risk.
Moreover, considering the

relevant in

intergenerational
implications of GDM and hepatic metabolic
programming [3,4], early intervention may have
long-term benefits beyond pregnancy.
Strengths and Limitations

This study demonstrates a clear
association between elevated first-trimester GGT
levels and subsequent development of gestational
diabetes mellitus using contemporary IADPSG
diagnostic  criteria. ~ Multivariate
adjusting for maternal age and BMI strengthens
the validity of the findings. Additionally, ROC
analysis  confirmed  good
performance.

However, the study was conducted at a single
centre with a modest sample size, which may
limit generalizability. The retrospective design
introduces potential selection bias, and residual
confounding from unmeasured metabolic factors
cannot be excluded. Direct assessment of hepatic
steatosis was not performed.

temporal

analysis

discriminatory

Conclusion

Elevated first-trimester serum gamma-glutamyl
transferase is independently associated with the
development of gestational diabetes mellitus.
With good predictive performance and routine
availability, GGT may serve as a practical early
risk stratification tool in antenatal care. Larger
prospective studies are required to validate these
findings and define its role in clinical screening
pathways.
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