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Abstract

Background: Gestational diabetes mellitus (GDM) is a common metabolic disorder in
pregnancy associated with adverse maternal and neonatal outcomes. Early identification of
high-risk women remains a clinical challenge, and first trimester HbAlc has emerged as a
potential screening tool. The study was conducted to evaluate the prevalence of GDM and
assess the predictive value of first trimester HbA ¢ for the development of GDM.

Methods: This prospective observational study included 140 pregnant women enrolled in
the first trimester at a tertiary care centre. HbAlc levels were measured during early
pregnancy. Participants were screened for GDM at 24 and 28 weeks of gestation using
standard diagnostic criteria. Associations between first trimester HbAlc levels and
subsequent GDM diagnosis were analysed.

Results: The overall prevalence of GDM was 26.4%. Most cases were diagnosed at 24 weeks,
with only a small proportion identified at 28 weeks. Mean first trimester HbAlc levels were
significantly higher in women who developed GDM compared to those who remained
normoglycemic (p = 0.002). A significant association was observed between HbA 1c categories
and GDM diagnosis (p < 0.001), with all women in the high HbAlc group developing GDM,
while the majority with normal HbA1c remained normoglycemic.

Conclusion: First trimester HbAlc is a strong predictor of GDM and can serve as a practical
early screening tool. Incorporating HbA Ic into routine antenatal care may facilitate early risk
stratification, timely intervention, and improved pregnancy outcomes, particularly in high-risk
populations.
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Introduction

Gestational diabetes mellitus (GDM) is one of the most common metabolic complications of
pregnancy and has become a major public health concern worldwide!. It is defined as glucose
intolerance of variable degree with onset or first recognition during pregnancy. Unlike pre-
existing diabetes, GDM arises specifically due to the altered metabolic milieu of pregnancy,
characterized by progressive insulin resistance and pancreatic B-cell dysfunction?. If
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undiagnosed or untreated, GDM poses serious health risks to both the mother and the fetus,
making its early detection and management a critical component of antenatal care.

The burden of GDM has been steadily increasing, parallel to the rising prevalence of obesity,
sedentary lifestyle, and type 2 diabetes mellitus. Early identification and management are
crucial to ensure safe pregnancy outcomes and reduce intergenerational diabetes risk>.

The maternal complications associated with GDM are numerous. Women with GDM have a
higher likelihood of developing hypertensive disorders of pregnancy, preeclampsia,
polyhydramnios, and an increased rate of caesarean delivery?. Fetal risks include macrosomia,
neonatal hypoglycaemia, respiratory distress, and stillbirth, along with long-term risks such as
obesity and metabolic syndrome?®.

The oral glucose tolerance test (OGTT) remains the standard diagnostic tool, usually performed
at 24-28 weeks of gestation. However, it is cumbersome, requires fasting, and may delay
diagnosis until the second trimesterS. Risk-based screening may miss cases, leading to
increasing adoption of universal screening, though optimal strategies remain debated’.
Glycosylated hemoglobin (HbAlc) has emerged as a potential alternative biomarker®. It
reflects average glucose levels over 8—12 weeks and can be measured without fasting. First
trimester HbA 1¢ may help detect early glycemic abnormalities, allowing timely intervention”®.
In India, where GDM prevalence is high and resources are limited, a simple and cost-effective
screening tool is essential. HbAlc offers practical advantages but requires validation in
different populations. However, its accuracy may be affected by physiological changes in
pregnancy, and studies show variable sensitivity and specificity!®.

Thus, this study aims to evaluate first trimester HbA 1c for early detection of GDM and compare
it with OGTT at 24-28 weeks. Early diagnosis may improve maternal and neonatal outcomes
and enable long-term preventive strategies.

Materials and Methods

The observational cohort study was conducted in the Department of Obstetrics and
Gynaecology, Krishna Institute of Medical Sciences, Karad (KIMSDU, KVV Karad) from
April 2024-September 2025.140 women fulfilling the inclusion criteria were selected for the
study after receiving Ethical clearance from the Institutional Ethics Committee.

Inclusion Criteria

Patients belonging to age 20-35 years with singleton live pregnancies up to 12.6 weeks
gestation and willing to provide informed consent.

Exclusion Criteria

Patients with history of GDM in previous pregnancies, multiple gestations, known cases of
type 1 or type 2 diabetes mellitus or overt diabetes (HbAlc >6.5%), pregnancies complicated
by fetal anomalies or abortions diagnosed in the second trimester, who lost follow-up.
Detailed baseline assessment comprising age, parity, obstetric and family history, and body
mass index (BMI) was recorded, followed by a clinical examination at recruitment. Laboratory
investigations included estimation of first-trimester HbAlc along with routine tests such as
complete blood count, blood grouping and Rh typing, urine routine and microscopy, screening
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for HIV, HBsAg, HCV, and first-trimester ultrasonography. All participants subsequently
underwent a standardized 75 g oral glucose tolerance test (OGTT) between 24 and 28 weeks
of gestation, and gestational diabetes mellitus (GDM) was diagnosed based on IADPSG criteria
(fasting plasma glucose >92 mg/dL, 1-hour >180 mg/dL, or 2-hour >153 mg/dL). Participants
were followed up until delivery, and maternal outcomes including pregnancy-induced
hypertension, polyhydramnios, cesarean delivery, preterm labor, induction of labor, and
macrosomia, as well as neonatal outcomes such as birth weight, hypoglycaemia,
hyperbilirubinemia, respiratory distress, and NICU admission were recorded.

Data was analysed using SPSS 28.0 software, with continuous variables expressed as mean +
standard deviation and categorical variables as frequencies and percentages. Associations
between HbA1c and GDM were assessed using the Chi-square test or Fisher’s exact test, while
Pearson’s correlation coefficient was used to evaluate the relationship between HbAlc and
birth weight. Receiver operating characteristic (ROC) curve analysis was performed to
determine optimal HbA1c cut-off values, and sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were calculated. A p-value of <0.05 was
considered statistically significant.

Result

Table 1: Timeline of Gestational Diabetes Mellitus Diagnosis at 24 and 28 Weeks

GDM Diagnosis | 24 Weeks (n, %) 28 Weeks (n, %) Total (n, %)
GDM 37 (26.4) 4 (2.9) 41 (29.3)
Normal 103 (73.6) 99 (70.7) 103 (73.6)
Not Done — 37 (26.4) —
Total 140 (100) 140 (100) —

Note:

The “Not Done” category at 28 weeks represents participants already diagnosed with GDM at
24 weeks.

The table demonstrates that the majority of GDM cases (26.4%) were identified at 24 weeks
of gestation, while only a small additional proportion (2.9%) was diagnosed at 28 weeks. A
significant number of participants (26.4%) did not undergo 28-week testing due to prior
diagnosis at 24 weeks. This highlights that most cases of gestational diabetes mellitus are
detected during earlier screening, with limited additional yield at 28 weeks. The findings
emphasize the importance of early screening strategies and support the potential role of first-
trimester HbA 1c¢ in identifying high-risk women before the conventional diagnostic window.
Table 2: Comparison of first trimester HbAlc between GDM and normal groups
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Parameter GDM (Mean £ SD) | Normal (Mean + SD) | p-value
First Trimester HbAlc | 5.56 £0.21 499 +£0.24 0.002
(%)

The comparison of first trimester HbAlc levels between the two outcome groups showed
significantly higher values in women who developed gestational diabetes mellitus. The mean
HbAlc in the GDM group was 5.56 £ 0.21%, compared to 4.99 + 0.24% in the normal group.
This difference was statistically significant (p = 0.002), indicating a strong association between
elevated first trimester HbA 1c and subsequent development of GDM. The findings support the
potential utility of HbAlc as an early screening marker for identifying women at higher risk.

Table 3: Association Between GDM Diagnosis at 24 Weeks, 28 Weeks, and Final Outcome

GDM Diagnosis at 24 Weeks | GDM at 28 | Normal at 28 | Not Done at 28 | Total
/ Outcome Weeks Weeks Weeks

GDM 0 0 37 37
Normal 4 99 0 103
Total 4 99 37 140

The table demonstrates a statistically significant association between GDM diagnosis at 24
weeks, 28 weeks, and the final outcome (p < 0.001). All women diagnosed with GDM at 24
weeks did not undergo repeat testing at 28 weeks, as they were already classified as GDM.
Among those who were normal at 24 weeks, only 4 participants (3.9%) were newly diagnosed
with GDM at 28 weeks, while the vast majority (96.1%) remained normoglycemic. This
indicates that most cases of GDM were identified at 24 weeks, with only a small proportion
detected later, highlighting the effectiveness of earlier screening and the limited additional
yield of repeat testing at 28 weeks.

Table 4: Association of first trimester HbAlc categories with previous GDM history and

GDM diagnosis
Variable Category | Normal High HbAlc | Diabetic p-
HbAlcn (%) | n (%) HbAlcn (%) | value

Previous GDM | N/A 53 (40.2) 1(12.5) 0 (0.0) 0.119
History

No 79 (59.8) 7 (87.5) 0 (0.0)
GDM Diagnosis | GDM 29 (22.0) 8 (100.0) 0 (0.0) <0.001
at 24 Weeks

Normal 103 (78.0) 0 (0.0) 0 (0.0)
GDM Diagnosis | GDM 4 (3.0) 0 (0.0) 0(0.0) <0.001
at 28 Weeks

Normal 99 (75.0) 0 (0.0) 0 (0.0)

Not Done | 29 (22.0) 8(100.0) 0 (0.0)

The distribution of HbAlc categories showed no significant association with previous GDM
history (p = 0.119), as most participants in both normal and high HbAlc groups had no prior
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history of GDM. However, a strong association was observed between first trimester HbAlc
levels and GDM diagnosis at 24 and 28 weeks (p < 0.001). All women with high HbAlc were
diagnosed with GDM by 24 weeks, while none remained normal. At 28 weeks, women in the
high HbA1c group were either previously diagnosed or categorized as not tested due to earlier
diagnosis, reinforcing the predictive value of elevated early HbAlc.

Table S: Distribution of First Trimester HbAlc Categories and Their Association with
Final GDM Diagnosis

First Trimester HbAlc | Total | Percentage | Developed No GDM | p-
Category (n) (%) GDM (n) (n) value
High 43 30.7 37 6 <0.001
Normal 97 69.3 0 97

Total 140 100 37 103

The table shows that 30.7% of participants had elevated first-trimester HbAlc levels, while
69.3% had normal values. A strong and statistically significant association was observed
between HbAlc category and the development of gestational diabetes mellitus (p < 0.001).
Among women with high HbAlc, 86.0% developed GDM, whereas none of the women with
normal HbAlc developed the condition. These findings highlight the excellent predictive
ability of elevated first-trimester HbAlc in identifying women at high risk for GDM,
supporting its potential role as an early screening tool.

Table 6: Sociodemographic Characteristics and Family History of Diabetes Among Study
Participants

Variable Category Frequency (n) | Percentage (%)
Occupation Housewife 66 47.1
Teacher 24 17.1
Office Worker 16 11.4
Business 14 10.0
Healthcare Worker | 11 7.9
Other 9 6.4
Family History of | No 114 81.4
Diabetes
Yes 26 18.6
Total 140 100

The table shows that nearly half of the participants (47.1%) were housewives, followed by
teachers (17.1%) and office workers (11.4%), indicating a predominantly home-based
population. Regarding risk factors, most participants (81.4%) had no family history of diabetes,
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while 18.6% reported a positive history. Although most women did not have a familial
predisposition, the presence of a notable proportion with positive family history remains
clinically relevant, as it is a recognized risk factor for gestational diabetes mellitus.

Table 7: Distribution of Gravidity and Parity Among Study Participants

Variable Category Frequency (n) Percentage (%)
Gravidity 1 54 38.6
2 58 41.4
3 24 17.1
4 4 2.9
Parity 0 90 64.3
1 41 29.3
2 9 6.4
Total 140 100

The table shows that the majority of participants were multigravida, with gravida 2 (41.4%)
forming the largest group, followed by primigravida women (38.6%). In contrast, parity
distribution indicates that most participants were nulliparous (64.3%), suggesting a
predominance of women in their first pregnancy. This pattern reflects a relatively early
reproductive population, which is important when assessing the risk and onset of gestational
diabetes mellitus, as both gravidity and parity influence metabolic adaptation and pregnancy
outcomes.
Discussion
The study was conducted to evaluate first trimester HbAlc for early detection of GDM and
compare it with OGTT at 24-28 weeks.
In the present study, the overall prevalence of gestational diabetes mellitus was 26.4%, with 37
out of 140 women ultimately diagnosed with GDM. Most cases were detected at the 24-week
screening, while only a small proportion were newly diagnosed at 28 weeks. This indicates that
a substantial burden of GDM was present in the study population, emphasizing the clinical
importance of early identification of high-risk women during pregnancy.
Globally, the prevalence of GDM varies considerably depending on ethnicity, diagnostic
criteria, and lifestyle factors. Estimates suggest that approximately 7-15% of pregnancies are
affected worldwide, though higher rates are reported in high-risk populations and regions with
elevated background prevalence of type 2 diabetes!!. The International Diabetes Federation
reported that nearly 16.7% of all pregnancies are complicated by some form of hyperglycemia,
with GDM accounting for the majority.
The prevalence observed in the present study (26.4%) is higher than many global estimates but
aligns with findings from certain high-risk cohorts such as Rajanna et al. (31.7%) 2 and Arbib
et al. (29.6%) 3. This suggests that certain populations, particularly South Asians, may
experience substantially higher rates due to genetic susceptibility and lifestyle factors 415,
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In the present study, the gravidity distribution showed that the majority of women were in their
first or second pregnancy, with gravida 2 accounting for 41.4% and primigravida women
constituting 38.6% of the cohort. Similarly, parity analysis revealed that 64.3% of participants
were nulliparous.

The predominance of primigravida and low-parity women suggests that a significant proportion
of GDM cases arose in women without extensive obstetric histories. This aligns with current
evidence that GDM can occur even in the absence of traditional obstetric risk factors 6.
Comparative studies such as Rajanna et al.> and Cetin et al.!” also reported that parity is not a
consistent independent predictor of GDM, reinforcing the importance of universal screening.

In the present study, 18.6% of participants reported a positive family history of diabetes, while
81.4% had no such history.

Family history is a well-established risk factor reflecting genetic susceptibility and shared
environmental influences'®. However, the majority of women in the present study did not report
a family history, yet a significant proportion still developed GDM.

This supports the concept that GDM is multifactorial and may arise even in the absence of
classical risk factors, emphasizing the limitations of selective screening!®.

The mean HbAlc was 5.56 + 0.21% in the GDM group compared to 4.99 + 0.24% in the normal
group, with a statistically significant difference (p = 0.002).

These findings are consistent with studies by Arbib et al.®, Amylidi et al.'®, and Valadan et
al.2%, all of which demonstrated significantly higher HbAlc levels in women who developed
GDM.

HbA ¢ reflects average glycemic exposure over the preceding 8—12 weeks® and serves as an
early marker of underlying insulin resistance?*!*?2, The observed values fall within predictive
cut-offs reported in previous studies!”12,

In the present study, 61.4% of participants had no previous history of gestational diabetes,
while 38.6% were primigravida. Notably, no participants had a documented prior history of
GDM.

Despite this, a significant proportion developed GDM, highlighting that factors such as
baseline metabolic status and HbA 1c may be stronger predictors than obstetric history 2023
This finding reinforces that GDM can occur even in women without prior history, supporting
universal screening approaches’®.

In the present study, 26.4% of participants were diagnosed with GDM at 24 weeks, while only
2.9% were newly diagnosed at 28 weeks.

This indicates that most cases were identified during the earlier screening window, with
minimal additional yield at 28 weeks. Similar findings have been reported by Arbib et al.!3 and
Valadan et al.?%, suggesting that metabolic abnormalities are present early in pregnancy.

The findings emphasize the importance of early screening and timely intervention to reduce
complications?4?3,
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A strong and statistically significant association was observed between first trimester HbAlc
levels and GDM diagnosis (p < 0.001). All women in the high HbAlc group developed GDM
by 24 weeks.

These findings are consistent with studies by Rajanna et al.'?, Arbib et al.!®, and Valadan et
al.2?, which demonstrated the predictive value of early HbAlc.

Overall, the findings support that HbAlc is a reliable early marker of GDM risk and can aid in
early risk stratification.

Strength and Limitations

The key strength of the study is that participants were enrolled in the first trimester, allowing
for early risk identification and timely interventions, which may improve maternal and neonatal
outcomes. Additionally, the study demonstrated a strong predictive value of first trimester
HbAlc, as all women with elevated early HbAlc developed GDM by 24 weeks, while most
with normal levels remained normoglycemic. However, the study was conducted at a single
tertiary care center, which may limit generalizability, and the relatively small sample size (n =
140) may reduce statistical power for subgroup analyses. Only short-term outcomes were
assessed, without evaluation of long-term maternal or neonatal effects. HbAlc was measured
at a single time point without trend analysis, and potential confounding factors such as diet,
physical activity, and socioeconomic status were not explored in detail. Furthermore, the 28-
week OGTT was not performed in all participants, as those diagnosed earlier were excluded,
which may have influenced comparisons across time points.

Conclusion

The present study demonstrated a gestational diabetes mellitus prevalence of 26.4%, with most
cases identified at 24 weeks, indicating early onset of glucose intolerance in a significant
proportion of women. First trimester HbAlc levels were significantly higher in those who
developed GDM, showing a strong association between early glycemic status and subsequent
disease. Notably, all women with elevated HbAlc developed GDM, while most with normal
levels remained normoglycemic, highlighting its strong predictive value. These findings
support the use of first trimester HbAlc as a practical early screening tool for risk stratification
and timely intervention to improve maternal and neonatal outcomes.
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