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ABSTRACT

BACKGROUND AND OBJECTIVES

Gestational Diabetes Mellitus (GDM) is a significant metabolic disorder during pregnancy,
associated with adverse maternal and neonatal outcomes. The prevalence of GDM has risen
globally, particularly in low- and middle-income countries like India, where early detection and
management remain challenging. This study aimed to determine the prevalence of GDM among
first-trimester pregnant women in Belagavi district, Karnataka, and evaluate the predictive value
of fasting blood glucose (FBG) compared to the oral glucose tolerance test (OGTT) and also to

assess the risk factors associated with GDM.

METHODOLOGY

A community-based longitudinal study was conducted from 1% April 2023 to 31* January 2025
across four primary health centers in Belagavi. The study included 450 pregnant women aged 18—
45 years in their first trimester (<13 weeks). After obtaining the ethical clearance, pilot study was
conducted. Written informed consent was obtained from every participant. Stratified proportionate
sampling covered four health centers, with systematic random sampling selecting every third first-
trimester registrant. Excluding those with diabetes or chronic illnesses. Data was collected using
a structured questionnaire regarding the Sociodemographic characteristics, obstetric history, and
biochemical assessments and pregnancy outcomes. Participants were screened using FBG and
OGTT (75g anhydrous glucose) as per Diabetes in Pregnancy Study Group India (DIPSI) criteria
(OGTT >140 mg/dL). Women with normal OGTT in 1% Trimester underwent repeat OGTT in the
second trimester. Statistical analysis included chi square test, Fischer Exact test and ‘P’value less
than 0.05 considered significant and sensitivity, specificity, correlation, logistic regression, and

ROC curve analysis was done.



RESULTS

This study found a prevalence of GDM, with 16.0% of first-trimester pregnant women testing
positive by OGTT and 15.8% by FBG (=92 mg/dL). In the second trimester, the prevalence was
6.3% by OGTT. For early detection, FBG demonstrated excellent predictive value with an optimal
cutoff of 86 mg/dL, showing high sensitivity (97.22%) and specificity (82.80%), along with a
strong positive likelihood ratio (9.55) and moderate correlation with OGTT (r=0.68). Significant
risk factors for GDM included maternal age >25 years (AOR=1.82, p=0.042), excessive weight
gain (>11 kg; AOR=4.27, p=0.013), and proteinuria (AOR=9.0, p=0.026), while family history of
diabetes (AOR=1.41) and hypertension (AOR=1.60) showed non-significant trends. Importantly,
GDM was strongly associated with adverse pregnancy outcomes, including polyhydramnios
(47.2%), preterm labour (19.4%), and need for neonatal ventilatory support (73.6%), with p-values

<0.001.

CONCLUSION AND INTERPRETATION

GDM prevalence in Belagavi is high, warranting universal screening in the first trimester,
particularly targeting for high-risk groups, including older women and those with excessive weight
gain, are recommended to improve maternal and neonatal health outcomes. Future research should

focus on cost-effective management strategies validate FBG thresholds across diverse populations

Keywords: Gestational Diabetes Mellitus, first trimester screening, Fasting Blood Glucose, Oral

Glucose Tolerance Test, Pregnancy Complications, Risk Factors.
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Introduction

INTRODUCTION

Diabetes Mellitus (DM) is a chronic metabolic, inflammatory, vascular phenomenon
characterized by persistently high blood sugar levels, resulting from insulin resistance,
inadequate insulin production, or both. The complications arising due to inadequate
management include heart disease, peripheral vascular diseases, kidney failure, nerve damage,
and vision impairment. Beyond its health implications, diabetes significantly affects daily life
and quality of life, imposing financial strain, reduced productivity and diminished overall well-
being of individuals and their families. ? Being a prevalent non-communicable disease of global
concern, the prevalence of DM has risen sharply, from approximately 200 million in 1990 to
830 million by 2022, with low- and middle-income countries (LMICs) bearing the highest
burden due to limited healthcare resources.! In 2021, diabetes and its related complications,
particularly kidney disease, were responsible for over 2 million deaths worldwide.
Additionally, elevated blood sugar levels contributed to approximately 11% of cardiovascular-

related deaths, underscoring its widespread impact on public health. *

Diabetes Mellitus is a complex disease with multifactorial aetiology and can be
classified into several types, including: Type 1 Diabetes Mellitus (T1DM), Type 2 Diabetes
Mellitus (T2DM), Gestational Diabetes Mellitus (GDM), and other specific forms such as
monogenic diabetes or secondary diabetes resulting from another disease or medication. Type
2 Diabetes Mellitus (T1DM) being the most prevalent type primarily characterized by insulin
resistance, where the body's cells do not respond effectively to insulin, often accompanied by
a gradual decline in insulin production and TIDM is an autoimmune disorder in which the
immune system attacks and destroys insulin-producing beta cells in the pancreas, leading to

insulin deficiency.
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Introduction

The Gestational Diabetes Mellitus is a significant metabolic condition leading to
hyperglycemia that first appears during pregnancy. * Although it typically resolves after
childbirth, its effects extend beyond immediate perinatal complications. Women with GDM
have a higher risk of developing T2DM later in life. * The GDM is associated with several
adverse maternal and neonatal outcomes, including macrosomia, neonatal hypoglycemia, and
an increased likelihood of caesarean delivery. ¢ Traditionally, GDM is diagnosed between the
24th and 28th weeks of pregnancy, a stage referred to as "conventional gestational diabetes
mellitus" (cGDM). However, emerging research indicates that hyperglycemia can occur as
early as the first trimester, leading to the recognition of a distinct condition known as early

gestational diabetes mellitus (eGDM). ’

A comprehensive review of 117 studies examining the incidence of GDM in India
estimated an overall prevalence of 13% among pregnant women. However, the prevalence
varied significantly across different region. The North zone reported the highest rate at 16.1%,
followed by the South zone at 12.6%. The West zone had the lowest prevalence at 7%, while
the East and North-east zones reported a prevalence of 11.5%. Additionally, GDM was found

to be more common in urban areas (12%) compared to rural areas (10%).

Differences in diagnostic criteria also influenced these prevalence estimates. Higher
GDM prevalence was observed with use of International Association of Diabetes in Pregnancy
Study Groups (IADPSG)/ World Health Organization (WHO) 2013 criteria at 17% as
compared to the American Diabetes Association (ADA) criteria reported the lower prevalence
at 7%. These variations in prevalence across regions, urban and rural settings, and diagnostic
methods highlight the challenges in accurately assessing GDM rates and underscore the need

for standardized diagnostic approaches. ®
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Introduction

Aiming for early identification of GDM, some studies highlight the need for early
screening of pregnant women in first trimester. The prevalence of early gestational diabetes
mellitus varies widely, ranging from 0.7% to 36.8%, depending on the population studied and
the diagnostic criteria used.® This broad range underscores the need for standardized screening
protocols. Women with eGDM exhibit a distinct metabolic profile, characterized by a
combination of beta-cell dysfunction and insulin resistance, differentiating them from those

with conventional GDM. '°

Recent studies suggest that early pregnancy glycosylated haemoglobin (HbAlc) levels
can help predict eGDM. Elevated HbAlc levels, even within the normal range, have been
linked to an increased risk of developing eGDM, indicating that subtle glucose dysregulation
may be present before hyperglycemia becomes clinically detectable. !' Furthermore, women
with eGDM tend to have higher plasma-free fatty acid levels and lower insulin sensitivity

compared to those with cGDM, reflecting a more severe metabolic impairment.'?

Women diagnosed with eGDM face an increased risk of adverse pregnancy outcomes,
including preterm birth, fetal macrosomia, and pregnancy-related hypertensive disorders. !
They are also more likely to require insulin therapy and have a higher risk of postpartum
dysglycemia, including prediabetes and type 2 diabetes.® Neonatal complications are also more
frequent in eGDM, with an elevated risk of large-for-gestational-age (LGA) infants, neonatal
hypoglycemia, and jaundice.'* Fetal growth abnormalities in eGDM can be detected as early
as 11-20 weeks of gestation. Among south Asian populations, fetal adiposity tends to increase
even before the conventional GDM screening period, highlighting the critical need for early
screening and diagnosis. Despite these findings, the optimal approach for screening and
managing eGDM remains an area of ongoing research, particularly in high-risk populations
such as South Asians, who experience a higher disease burden and worse pregnancy

outcomes.'® Screening for eGDM remains a topic of debate due to variations in diagnostic
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Introduction

criteria and screening timelines. While fasting plasma glucose (FPG) and the oral glucose
tolerance test (OGTT) are widely used, there is growing interest in HbA ¢ as an early screening
tool, as it reflects long-term glucose levels and may help identify at-risk women earlier in

pregnancy.'!

Different professional organizations recommend either universal or risk-based screening
approaches. The International Association of Diabetes and Pregnancy Study Groups suggests
diagnosing eGDM in early pregnancy if FPG levels range between 92 mg/dL (5.1 mmol/L) and
126 mg/dL (7.0 mmol/L)!®. In contrast, the American Diabetes Association (ADA) and the
Australasian Diabetes in Pregnancy Society (ADIPS) advocate for risk-based screening,
recommending an early 75g OGTT at the first antenatal visit for high-risk women and ADIPS

before 20 weeks of gestation.!”

In India, the Diabetes in Pregnancy Study Group of India (DIPSI) supports universal
screening in the first trimester, given the country's high burden of gestational diabetes.'®
Additionally, the Federation of Obstetric and Gynecological Societies of India (FOGSI)
recommends a simplified, single-step screening and diagnostic approach for GDM in
community settings.!® This involves administering a 75g oral glucose load to pregnant women
during their first antenatal visit, regardless of their last meal, followed by a plasma glucose
measurement two hours later using the Glucose Oxidase-Peroxidase (GOD-POD) method.!” A
plasma glucose level of 140 mg/dL or higher confirms a diagnosis of GDM, aligning with
WHO criteria. The single-step approach is not only clinically effective but also more feasible,
affordable, and easier to implement, particularly in low-resource settings.'?

As research on GDM screening has advanced, some studies have also explored the

potential role of FPG in identifying GDM. Fasting plasma glucose and glycosuria were initially
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used for screening pregnant women in anecdotal reports in 1985. The demand for FPG
increased, when the ADA expert group favoured utilising FPG with lower thresholds than the
OGTT for diagnosing DM in individuals who were not pregnant. After the WHO approved this
ADA strategy in 1999, FPG gained much more acceptance and popularity. Later, while
researching GDM screening, some studies unintentionally discovered that the FPG might be
useful. A study conducted by Sacks, et al was the first in-depth study on FPG as a screening
test.?’ Further studies have assessed the use of OGTT as the primary diagnostic tool while
investigating FPG as a simpler alternative for screening. Early detection of GDM is critical for
timely intervention, which can reduce complications for both mother and baby and lower long-
term risks of type 2 diabetes, cardiovascular disease, and metabolic disorders.?! The Treatment
of Booking Gestational Diabetes Mellitus (TOBOGM) study, a large randomized controlled
trial, emphasizes the benefits of diagnosing and managing eGDM at the earliest possible stage
and early intervention significantly reduces the risk of neonatal complications. reinforcing the
importance of timely screening and treatment during pregnancy.??

The burden of eGDM highlights the importance of continued research to better understand
and manage the GDM. Our study aims at assessing prevalence of GDM among pregnant
women during their first trimester using OGTT. Additionally, we also would assess the
predictive value of using FBG as a single step approach in comparison with OGTT in early
pregnancy. The early detection of GDM will complement effective management and improve
pregnancy outcomes thereby improving the overall health and well-being of pregnant

mothers and their offspring.
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Objectives

OBJECTIVES OF THE STUDY

Primary objective — To determine the prevalence of Gestational Diabetes Mellitus among

first trimester pregnant women residing in field practice area of Belagavi district.

Secondary objectives

a. To predict Gestational Diabetes Mellitus using fasting blood glucose among pregnant

women during their first trimester residing in field practice area of Belagavi.

b. To assess the risk factors for Gestational Diabetes Mellitus among pregnant women

residing in field practice area.
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Review Of Literature

REVIEW OF LITERATURE

Gestational diabetes mellitus (GDM) has emerged as a significant public health concern
globally, with its prevalence steadily increasing over the past few decades. This rise can be
attributed to shifts in epidemiological patterns driven by changing lifestyles, increasing
maternal age, and the growing burden of obesity and metabolic disorders. Historically
considered a condition primarily affecting high-income countries, GDM now poses a major
concern in low- and middle-income nations like India, driven by urbanization and dietary shifts.
The evolving diagnostic criteria and improved screening strategies have also influenced
reported prevalence rates, highlighting the need for a deeper understanding of its risk factors
and outcomes, for effective management and prevention. This review aims to synthesize
existing literature on the epidemiological trends of GDM, its risk determinants, and its

implications for maternal and neonatal health.
Demographic transition

India’s population dynamics in 2024 are undergoing significant changes, marked by
declining birth rates, a growing workforce, and increased life expectancy. The Total Fertility
Rate (TFR) has dropped to 2, though states like Bihar and Uttar Pradesh continue to have higher
birth rates. With a median age of 28, the expanding working-age population presents economic
opportunities. Life expectancy has risen from 32 years in 1947 to 70 years in 2019, while infant
mortality has declined substantially. However, regional disparities persist, particularly in
northern states. Hunger remains a challenge, with India ranking 101st on the Global Hunger
Index. Additionally, the absence of the 2021 Census raises concerns about demographic data

accuracy, complicating planning for healthcare, education, and infrastructure.”?
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Epidemiological transition

India, often called the "Diabetes Capital of the World," is facing a sharp rise in diabetes
cases, especially in urban areas. According to National Family Health Survey (NFHS)-5,
16.1% of adults aged 15 and above are affected by Diabetes in India; yet awareness, treatment,
and control remain low only 27.5% know they have diabetes, 21.5% receive treatment, and just
7% manage to control their blood sugar.?* Rural and economically disadvantaged populations
face greater barriers due to limited healthcare access and socio-economic disparities. This rise
is part of a larger shift towards non-communicable diseases (NCDs), fueled by urbanization,
aging, and lifestyle changes. Poor diets, sedentary habits, and rising obesity affecting nearly a
quarter of urban adults exacerbate the problem. While public health initiatives aim to improve
prevention and treatment, challenges persist, especially in underserved areas. Strengthening
healthcare infrastructure, raising awareness, and improving access to treatment are essential

steps in tackling India’s growing diabetes crisis.*’

Definition of Diabetes Mellitus

Diabetes Mellitus (DM) is a chronic metabolic disorder characterized by hyperglycemia due to
defects in insulin secretion, insulin action, or both.?* Insulin is a hormone produced by the
pancreas that helps regulate blood glucose levels. It is also characterized by vascular
phenomenon and chronic inflammatory changes. Raised blood sugar due to impaired insulin

function, leads to various complications if left untreated.?*

Types of Diabetes Mellitus

1. Type 1 Diabetes Mellitus (T1DM): A form of diabetes where the immune system attacks

and destroys insulin-producing beta cells in the pancreas, leading to an absolute deficiency
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of insulin. It is typically diagnosed in childhood or young adulthood and requires lifelong
insulin therapy for blood sugar management.?

2. Type 2 Diabetes Mellitus (T2DM): Characterized by insulin resistance, where the body's
cells do not respond effectively to insulin, combined with a relative insulin deficiency. This
type is more common in adults, especially in those with obesity, physical inactivity, and
poor dietary habits. It can often be managed through lifestyle modifications, but many
people will eventually require medications or insulin.?*

3. Gestational Diabetes Mellitus (GDM): A form of diabetes that develops during
pregnancy and typically resolves after childbirth. Women diagnosed with GDM are at
higher risk of developing Type 2 diabetes later in life, and their children may be at increased
risk of obesity and diabetes.?

4. Monogenic Diabetes: A rare form of diabetes caused by mutations in a single gene
affecting insulin production. It includes conditions like neonatal diabetes and maturity-
onset diabetes of the young (MODY).2

5. Secondary Diabetes: This type occurs as a result of other medical conditions or
medications that impair insulin production or action. Conditions such as Cushing's
syndrome, hormonal disorders, or long-term use of corticosteroids can lead to secondary

diabetes.?

Diabetes is a leading cause of morbidity and mortality globally, and its prevalence is rising,
particularly due to lifestyle factors. Early diagnosis and proper management are crucial to
preventing long-term complications such as cardiovascular disease, kidney failure, and

neuropathy.?>%
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Global Burden of Diabetes Mellitus

DM is a major global health challenge, affecting 537 million adults (10.5% of the 2079 age
group) in 2021, with cases projected to rise to 783 million by 2045, marking a 46% increase.?¢
In 2021, diabetes accounted for 6.7 million deaths approximately one every five seconds and
global healthcare expenditures related to diabetes reached $966 billion, a 316% increase over
the past 15 years.?® The burden is particularly high in low- and middle-income countries, where
80% of diabetes cases are concentrated.? Urbanization, sedentary lifestyles, unhealthy diets,
and population aging contribute to its rising prevalence, while limited healthcare infrastructure
in these regions hinders timely diagnosis, management, and prevention efforts.? Furthermore,
diabetes is closely linked to increasing obesity rates and other NCDs, exacerbating the global

health crisis.?

Burden of Diabetes in India

India is at the epicenter of the diabetes epidemic, often referred to as the "Diabetes
Capital of the World." As of 2021, India had approximately 101 million adults living with
diabetes. Projections indicate that this number will reach 134 million by 2045.?° The National
Family Health Survey-5 (NFHS-5) reports a diabetes prevalence of 16.1% among adults aged
15 and above, is significantly higher in urban areas at 19.0% compared to rural regions, where

it stands at 14.1%.%3

India faces unique challenges in addressing diabetes, including significant
disparities in healthcare access. Awareness, treatment, and control of diabetes are alarmingly
low: only 27.5% of individuals with diabetes are aware of their condition, 21.5% receive
treatment, and just 7% achieve adequate glycemic control. This highlights a major gap in

diagnosis and care, particularly in rural and underserved areas.?’
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The burden of diabetes in India also imposes a considerable economic strain, with
costs stemming from both direct medical expenses and indirect losses due to reduced
productivity and premature deaths. The increasing prevalence of obesity, unhealthy dietary
habits, and physical inactivity further exacerbates the problem. Effective public health
interventions, such as those under the National Programme for Prevention and Control of
Cancer, Diabetes, Cardiovascular Diseases, and Stroke (NPCDCS) which has now been
renamed as National Programme for Prevention and Control of Non-communicable Diseases
(NPNCD), aim to address these issues through early detection and lifestyle modifications.
However, significant efforts are needed to scale up these initiatives and tackle the diabetes

crisis comprehensively.?’

Pathophysiology of Gestational Diabetes Mellitus °

GDM is a condition characterized by the onset of abnormal glucose metabolism during
pregnancy. This condition presents a unique challenge as it involves multiple systems in the
body working together in a delicate balance of insulin resistance, B-cell dysfunction, and altered
hormonal signalling. While the condition is typically diagnosed during pregnancy and often
resolves post-delivery, the pathophysiology of GDM has long-term implications, as women
who experience GDM have an increased risk of developing T2DM later in life. The complexity
of GDM’s pathogenesis arises from the interplay between genetic, environmental, and
hormonal factors. This detailed analysis explores the underlying mechanisms that contribute to

the development and progression of GDM.
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1. Insulin Resistance and the Role of Pregnancy Hormones
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Figure 1 : Simplified insulin signalling.?8

GDM is marked by insulin resistance, where the body’s tissues respond less effectively to
insulin, the hormone that helps move glucose from the bloodstream into cells for energy.
During pregnancy, hormonal changes naturally increase insulin resistance to ensure adequate
glucose for fetal growth. The placenta plays a key role by producing hormones essential for
development, but some of these, like human placental lactogen, cortisol, and progesterone, also

reduce insulin’s effectiveness, making blood sugar regulation more challenging

. Human Placental Lactogen (hPL): Produced by the placenta, hPL plays a crucial role
in fetal growth by increasing the availability of glucose and free fatty acids to the developing
fetus. However, it also antagonizes insulin, impairing insulin sensitivity in maternal tissues.
The increased production of hPL is one of the most significant contributors to insulin

resistance, particularly in the second and third trimesters of pregnancy.?®

. Estrogen and Progesterone: Both of these hormones rise significantly during
pregnancy. While estrogen promotes the growth and development of the fetal tissues, it also

has a role in enhancing insulin resistance. Progesterone, produced by the placenta, further
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contributes to the physiological increase in insulin resistance, particularly by influencing the

mechanisms involved in glucose metabolism.?®

. Cortisol: Elevated cortisol levels during pregnancy can lead to an increase in hepatic
glucose production, thereby raising blood glucose levels. Cortisol also plays a role in inducing
peripheral insulin resistance. High cortisol levels further exacerbate the insulin resistance seen

in GDM.28

. Prolactin: While prolactin is known for its role in lactation, it also influences insulin
resistance during pregnancy. Increased prolactin levels may contribute to impaired insulin
action, particularly in the skeletal muscle and adipose tissue, both of which are crucial for

glucose uptake.”®

2. Impaired pB-cell Function

Beta cell structure/function Blood glucose concentration Peripheral insulin sensitivity
* & I I
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Figure 2: B-cell, blood glucose, and insulin sensitivity during normal pregnancy and GDM.?8
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While insulin resistance plays a central role in GDM, the ability of the pancreas to compensate
for this resistance is also critical. B-cells, located in the islets of Langerhans in the pancreas,
are responsible for the production and secretion of insulin in response to blood glucose levels.
In a normal pregnancy, B-cells adapt to the increased insulin resistance by increasing insulin
secretion to maintain normal glucose levels. This is a physiological response designed to ensure

that both maternal and fetal glucose needs are met.

However, in women with GDM, the pancreatic -cells are often unable to compensate for the

increased insulin resistance. Several factors contribute to B-cell dysfunction in GDM:

. Glucotoxicity: Elevated blood glucose levels over time lead to glucotoxicity, which
can damage the B-cells. The sustained high levels of glucose impair insulin secretion by B-cells
and can also increase B-cell apoptosis (programmed cell death). This results in a further decline

in insulin secretion capacity, exacerbating the hyperglycemia seen in GDM.?®

. Lipotoxicity: Similar to glucotoxicity, elevated levels of free fatty acids (FFAs), which
often accompany insulin resistance, can contribute to B-cell dysfunction. FFAs impair insulin
secretion and promote B-cell death, thereby compounding the B-cell insufficiency seen in

GDM.?8

. Genetic Predisposition: Genetic variations can also play a role in B-cell dysfunction
in GDM. Specific genes that affect insulin secretion, such as those related to the insulin receptor
or B-cell signaling pathways, may predispose certain individuals to an impaired insulin
response. Women with a family history of Type 2 diabetes are more likely to develop GDM,

which underscores the genetic component in the disease.?
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. Inflammatory Cytokines: Inflammation plays a significant role in B-cell dysfunction
in GDM. Elevated levels of pro-inflammatory cytokines, such as Tumor Necrosis Factor- a
(TNF-a) and Interleukin-6 (IL-6), have been found in women with GDM. These cytokines
interfere with insulin signalling and exacerbate insulin resistance. Additionally, inflammation

has been shown to increase B-cell apoptosis, further reducing insulin secretion.?®

3. Alterations in Adipose Tissue and Muscle Function

The regulation of glucose metabolism is not limited to the pancreas. Other tissues, particularly
adipose tissue (fat) and skeletal muscle, play critical roles in maintaining normal glucose levels.
In GDM, the altered function of these tissues significantly contributes to the development of

the condition.?®

. Adipose Tissue Dysfunction: Adipose tissue is a major site for glucose storage and is
an important regulator of insulin sensitivity. In women with GDM, there is often an increase in
the size of adipocytes (fat cells) and a change in the secretion profile of adipokines, which are
signaling molecules produced by fat cells. For example, there is a reduction in the secretion of
adiponectin, an adipokine that enhances insulin sensitivity, and an increase in resistin and
leptin, both of which promote insulin resistance. These changes further contribute to the

systemic insulin resistance that characterizes GDM.?

. Skeletal Muscle Dysfunction: Skeletal muscle is the major tissue responsible for
glucose uptake in response to insulin. In GDM, muscle tissue becomes less responsive to
insulin, limiting its ability to take in glucose. This impairment is thought to be mediated by
alterations in the insulin signaling pathway, particularly the decreased activity of insulin
receptor substrates. As a result, glucose remains in the bloodstream, contributing to

hyperglycemia.?®
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4. Genetic and Epigenetic Factors?®

. Genetic Risk Factors: Certain genetic variants are associated with an increased risk of
developing GDM. These include polymorphisms in genes related to glucose metabolism,
insulin signalling, and B-cell function. Women with a family history of Type 2 diabetes are at

an increased risk of developing GDM, indicating a strong genetic predisposition.

. Epigenetic Modifications: Epigenetic factors refer to changes in gene expression that
do not involve alterations in the underlying Deoxyribonucleic acid (DNA) sequence.
Environmental factors, such as diet, physical activity, and stress, can influence the epigenome,
leading to changes in the way genes related to glucose metabolism and insulin action are
expressed. These changes can increase the risk of developing insulin resistance and GDM. The
maternal environment, particularly during critical periods of fetal development, can have
lasting effects on the health of the offspring, predisposing them to metabolic disorders later in

life.

5. Progression to Type 2 Diabetes?®

One of the most concerning aspects of GDM is that it is a strong predictor of the later
development of Type 2 Diabetes. The underlying mechanisms of insulin resistance and B-cell
dysfunction that led to GDM often persist after pregnancy, putting women at a higher risk of
developing Type 2 diabetes in the years following childbirth. Studies have shown that women
who have had GDM have a 7-fold higher risk of developing Type 2 diabetes compared to those

who did not experience GDM.

The persistence of insulin resistance after pregnancy, coupled with B-cell dysfunction,
contributes to the progression to T2DM. Additionally, lifestyle factors such as obesity, lack of

physical activity, and poor diet further increase the risk of developing Type 2 diabetes.
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Therefore, it is essential for women with a history of GDM to undergo regular monitoring for
diabetes and engage in preventative strategies, including weight management, physical

activity, and dietary changes, to reduce their risk of future metabolic disorders.?

Risk Factors for G DM

Obesity is a major risk factor for GDM as it leads to insulin resistance, making blood sugar
regulation difficult during pregnancy. Women with pre-pregnancy obesity have a significantly
higher risk of developing GDM, with those requiring insulin therapy at greater risk than those
managing it through diet. Surprisingly, gaining excess weight during pregnancy doesn’t
significantly add to this risk. Managing weight before conception can help reduce the chances

of GDM and its complications, ensuring better health for both mother and baby.?’

Age: Advanced Maternal Age and GDM Risk

As women age, their risk of developing GDM steadily increases. A large-scale study analyzing
over 120 million pregnancies found that compared to women aged 2024 years, the risk of
GDM was 1.69 times higher for those aged 25-29, 2.73 times higher for those aged 30-34, and

continued to rise, reaching nearly five times the risk for women aged 40 and above.*°

Interestingly, ethnicity also plays a role in GDM risk. The study found that Asian women over
the age of 25 were more likely to develop GDM than their Europid counterparts.!! This
difference may be due to genetic factors, body fat distribution, or lifestyle habits. Additionally,
for each year a woman ages beyond 18, her overall risk of GDM increases by 7.9%, with Asian
women experiencing a steeper rise (12.74%) compared to Europid women (6.52%). With more
women delaying pregnancy, understanding the link between age and GDM is more important

than ever.>?
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Family History of Diabetes: Genetic Predisposition to GDM

Having a family history of type 2 diabetes significantly increases a woman’s risk of developing
GDM, especially if both parents are affected. Women with first-degree relatives with diabetes
are nearly twice as likely to develop GDM, while those with both first- and second-degree
relatives face an even higher risk. This genetic predisposition is evident early in pregnancy, as
these women often show signs of insulin resistance and higher glucose levels. Given these
risks, early screening and lifestyle interventions are essential to help manage blood sugar levels

and improve health outcomes for both mother and baby.3!

Ethnicity: Racial and Ethnic Disparities in GDM Prevalence

Racial and ethnic differences play a key role in the risk of developing GDM. Women of South
Asian, East Asian, and South-East Asian descent are more likely to develop GDM early in
pregnancy, while South Asian women also have the highest rates of GDM later in pregnancy.
In general, non-Europid women face a greater risk, especially if they have additional risk
factors. Interestingly, glucose metabolism patterns vary by ethnicity East and South-East Asian
women tend to have higher blood sugar levels after a glucose load, while other groups often
have higher fasting glucose levels. These findings highlight the importance of tailored
screening and management strategies to ensure early detection and better outcomes for all

ethnic groups.3?

Previous history of Gestational Diabetes: A history of GDM increases future risk

Women who have had GDM in a previous pregnancy are at a much higher risk of experiencing
it again. The Mutaba’ah Study found that nearly 30% of pregnant women had a history of
GDM, and those affected were less likely to plan their pregnancies and had shorter gaps

between them. Many also reported higher levels of anxiety about childbirth. However, their
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health behaviors such as physical activity and supplement use were similar to those without a
history of GDM. These findings highlight the need for continued support, lifestyle counseling,
and early intervention to help women manage their health and reduce the risk of GDM

recurrence.3?

Physical Inactivity: Role of sedentary lifestyle on GDM

A sedentary lifestyle is a key risk factor for GDM, even in women who engage in some form
of routine physical activity. Studies show that prolonged sitting negatively affects glucose
metabolism and insulin sensitivity, increasing the likelihood of GDM. Notably, women with
both high physical activity and high sedentary behavior were at greater risk, especially if they
had excessive gestational weight gain in the second trimester. This suggests that the benefits
of exercise may be diminished by excessive sedentary time. Reducing prolonged sitting,
alongside regular physical activity, is essential for lowering GDM risk and improving

pregnancy outcomes.34 33

Dietary Factors: Impact of nutrition on GDM

Maternal diet plays a crucial role in the development of GDM. A systematic review of
observational studies found that a Western dietary pattern high in processed meats, refined
carbohydrates, and unhealthy fats increases the risk of GDM, while a prudent or plant-based
diet, rich in fruits, vegetables, legumes, and antioxidant nutrients, reduces it. Specific dietary
components such as excessive iron intake and low carbohydrate diets were positively
associated with GDM, whereas folic acid, fiber, and eggs were linked to a lower risk. These
findings highlight the importance of a balanced, nutrient-rich diet before and during pregnancy

to help prevent GDM.3¢
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Polycystic Ovary Syndrome (PCOS) and GDM

Women with polycystic ovary syndrome (PCOS) are at a higher risk of developing GDM due
to insulin resistance and hormonal imbalances. This risk extends beyond pregnancy, increasing
the likelihood of type 2 diabetes later in life. Managing PCOS with a healthy lifestyle, including
diet and exercise, can help reduce these risks, while medications like metformin and Glucagon-
like peptide-1 (GLP-1) receptor agonists may offer additional benefits. Early screening and
personalized care are essential to improving long-term health outcomes for women with

PCOS.%

Multiple Pregnancies and risk of GDM

Multiple pregnancies, such as twins and triplets, increase the risk of developing GDM. The
increased placental mass in multiple pregnancies leads to higher levels of insulin resistance,
which can contribute to the development of GDM. Women carrying multiples also have a
higher likelihood of adverse pregnancy outcomes, including preterm birth, macrosomia,
neonatal intensive care unit (NICU) admissions, and cesarean delivery. GDM in multiple
pregnancies further elevates the risk of complications like hypertensive disorders and neonatal

metabolic issues.38

Others Medical Conditions and GDM

GDM is a significant risk factor for hypertension and cardiovascular disease in near future.
Women with GDM have an increased risk of developing preeclampsia and gestational
hypertension, conditions associated with endothelial dysfunction and insulin resistance.
Additionally, GDM contributes to long-term cardiovascular complications, as it is linked to

persistent metabolic disturbances such as dyslipidemia and chronic inflammation. The
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increased risk of hypertension and cardiovascular disease highlights the need for postpartum

monitoring and preventive interventions in women with a history of GDM.38

MATERNAL ADVERSE OUTCOMES OF GDM

Short-Term Maternal Outcomes

1. Preeclampsia

GDM significantly increases the risk of developing preeclampsia (PE), a severe hypertensive
disorder of pregnancy. Both conditions share common risk factors, including obesity, insulin
resistance, and endothelial dysfunction. Studies have shown that women with GDM have a
higher likelihood of developing PE, even after adjusting for obesity and other confounders.
GDM complicated by PE further elevates the risk of adverse pregnancy outcomes such as

preterm birth, fetal growth restriction, and increased maternal cardiovascular risks.*

2. Increased Risk of Cesarean Section

Women with GDM face a higher risk of cesarean delivery (CD) due to complications such as
fetal macrosomia, shoulder dystocia, and abnormal fetal heart rate patterns. Key factors
contributing to this increased risk include nulliparity, excessive gestational weight gain, and
insulin use. As these risk factors accumulate, the likelthood of requiring a CD rises,
underscoring the need for careful prenatal monitoring and tailored management strategies.
Optimizing maternal health and glucose control during pregnancy can help reduce the risk of

CD and improve overall birth outcomes.*
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3. Postpartum Hemorrhage (PPH)

GDM is associated with an increased risk of PPH, primarily due to complications such as
macrosomia, labor dystocia, and the higher likelihood of cesarean delivery. Women with GDM
often experience impaired uterine contractility, prolonged labor, and an increased need for
obstetric interventions, all of which contribute to the risk of excessive postpartum bleeding.
Additionally, the metabolic and vascular dysfunctions linked to GDM may further impact

uterine tone and recovery after childbirth.#!

4. Risk of Infection

Women with GDM are more prone to infections during pregnancy, including urinary tract
infections, bacterial infections, and even increased susceptibility to Coronavirus disease 2019
(COVID-19). This heightened risk is likely due to poor blood sugar control, weakened immune
function, and changes in the body’s natural microbiome. While some infections, like gingivitis
and vaginal candidiasis, do not show a strong link to GDM, the overall vulnerability to
infections underscores the importance of close monitoring and preventive care for pregnant
women with GDM. Proper glucose management and early detection can help reduce

complications and improve maternal and fetal health.#?

Long-Term Maternal Outcomes

1. Type 2 Diabetes Mellitus

T2DM, women with prior GDM also have a higher likelihood of developing metabolic
syndrome, hypertension, and cardiovascular diseases due to prolonged glucose intolerance and
vascular dysfunction. The increased risk underscores the importance of long-term follow-up,
lifestyle modifications, and preventive interventions. Regular postpartum glucose screening,

weight management, and physical activity are crucial in mitigating the progression to T2DM.38
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2. Cardiovascular disease (CVD) & Mental Health

Women with GDM face an increased risk of long-term CVD and mental health issues. GDM
is strongly linked to the development of hypertension, atherosclerosis, and ischemic heart
disease due to persistent metabolic disturbances, including insulin resistance and dyslipidemia.
The chronic inflammatory state associated with GDM further exacerbates cardiovascular risks,

making long-term follow-up and lifestyle modifications essential for prevention.*

Additionally, GDM is associated with a higher likelihood of developing mental health
disorders, particularly antenatal and postpartum depression. The stress of disease management,
dietary restrictions, and fear of long-term complications contribute to psychological distress.
Studies highlight the need for integrated care approaches that address both metabolic and

mental health aspects to improve overall well-being in women with GDM.

Short-Term Neonatal Outcomes in GDM

Infants born to mothers with GDM are at increased risk of adverse neonatal outcomes. These
include macrosomia (excessive birth weight), neonatal hypoglycemia, birth trauma (e.g.,
shoulder dystocia), hyperbilirubinemia, respiratory distress syndrome, and a higher likelihood
of requiring NICU admission.** The severity of these outcomes varies with maternal glucose
levels, with even mild untreated hyperglycemia contributing to higher birth weight and
metabolic disturbances.*® Additionally, preterm birth is more common in neonates of GDM

mothers.*®
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Long-Term Neonatal Outcomes in GDM

Offspring of mothers with GDM face an increased risk of obesity, insulin resistance, and type
2 diabetes later in life.** The HAPO study demonstrated a strong association between maternal
hyperglycemia and higher neonatal adiposity, which persists into childhood.** Additionally, in
utero exposure to glucose-lowering drugs like metformin may have long-term metabolic
consequences, increasing the risk of future cardiometabolic disorders.** Research highlights
the importance of postnatal monitoring and preventive strategies for these children to mitigate

long-term health risk.*®

GDM Diagnosis Criteria

The World Health Organization (WHO) recommends a single-step approach using a
75g OGTT. This test is performed after an overnight fast. Blood sugar levels are checked at
fasting and two hours after consuming the glucose solution. GDM is diagnosed if the fasting
glucose is 92 mg/dL (5.1 mmol/L) or higher, or if the two-hour glucose level is 153 mg/dL (8.5
mmol/L) or higher. Screening is typically done between 24-28 weeks of pregnancy, but women

at high risk may be tested earlier.’

The American Diabetes Association (ADA) offers two approaches for diagnosing
GDM. The first is a one-step method using a 75g OGTT, where blood sugar is measured at
fasting, one hour, and two hours after the glucose load. GDM is diagnosed if any of these values
exceed the thresholds: fasting > 92 mg/dL, one-hour > 180 mg/dL, or two-hour > 153 mg/dL.
The second approach is a two-step method. Step one involves a non-fasting 50g glucose
challenge test. If the result is 140 mg/dL or higher, a 100g OGTT is performed in step two.
GDM is diagnosed if two or more values from the 100g OGTT exceed the thresholds: fasting

> 95 mg/dL, one-hour > 180 mg/dL, two-hour > 155 mg/dL, or three-hour > 140 mg/dL.
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Screening is recommended at the first prenatal visit for high-risk women and universally at 24—

28 weeks.?

The International Association of Diabetes and Pregnancy Study Groups
(IADPSG) also supports universal screening using a 75g¢ OGTT. Blood sugar levels are
checked at fasting, one hour, and two hours after the glucose load. GDM is diagnosed if any
one of these values meets or exceeds the thresholds: fasting > 92 mg/dL, one-hour > 180 mg/dL,
or two-hour > 153 mg/dL. This approach aims to standardize diagnosis and improve outcomes

for both mothers and babies. '

| Pregnancies less than 24 weeks of gestation

v
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risk of diabetes mellitus:
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v
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Figure3: International Association of Diabetes and Pregnancy Study Groups criteria.'®

In India, the Federation of Obstetric and Gynaecological Societies of India
(FOGSI) and the Diabetes in Pregnancy Study Group of India (DIPSI)recommend
universal screening for GDM due to its high prevalence in the population. FOGSI suggests a
single-step 75g OGTT, where blood sugar is checked two hours after the glucose load. A value

of 140 mg/dL or higher indicates GDM, while values between 120-139 mg/dL are classified
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as gestational glucose intolerance (GGI). Screening is ideally done early in pregnancy and
repeated at 24-28 weeks and 3234 weeks if initial results are normal. The DIPSI emphasizes
a practical, single-step approach where a pregnant woman is given a 75g glucose load in a
fasting state, and blood sugar is checked two hours later. This method is cost-effective and easy

to implement in resource-limited settings.'

OGTT the gold standard for GDM diagnosis

As mentioned above, all the expert panels agree that the OGTT is the “gold standard”
for GDM diagnosis. The OGTT has many drawbacks, the most serious flaw being that it is not
reproducible.*’ It is expensive, time consuming and quite demanding for both the patient and
the laboratory; furthermore, it is also not physiologic, quite unpleasant, uncorrected for body
weight and its predictive value changes with ethnicity due to varying prevalence of GDM.*® As
a diagnostic test for DM in non-pregnant adults, many arguments have been made for keeping
the OGTT * or avoiding it.*’ Due to the numerous problems of the OGTT, since 1997, the
ADA favors the FPG with a lower threshold (7.0 mmol/L), rather than the OGTT for the
diagnosis of DM in non-pregnant adults-even though this approach has its critics.>> However,
there has been no debate about the OGTT as a diagnostic test for GDM. Despite the potential
of nausea and vomiting in pregnant women. the OGTT remains the cornerstone for diagnosis
of GDM. Though many alternatives for screening of GDM have been explored, however, only

the OGTT is currently acceptable as the diagnostic test.

Additional tests with OGTT may help to improve its performance. Measuring insulin with the
100 g OGTT may identify a subgroup of women who do not meet the ACOG criteria for GDM
as they have only one abnormal glucose value. It has been found that women who have raised
one hour serum glucose post oral glucose may need more intensive treatment.’® The diagnosis

of GDM using OGTT in pregnancy are further compounded by the variation in guidelines of
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the various preeminent expert panels for the glucose load used (75 g vs 100 g) and, as

mentioned earlier, in varying diagnostic glucose thresholds suggested for diagnosis.
FPG as a screening test

Over time, the definition of GDM, laboratory methods for glucose, and the screening and
diagnostic criteria of GDM have evolved. Initially, in 1985, an anecdotal report,”! first used
fasting blood glucose (along with glycosuria) for screening pregnant women. In 1999, once the
WHO approved this ADA approach, FPG became even more accepted and popular. Later,
some studies while studying GDM screening, accidentally found that the FPG may have

value.52 The first comprehensive study on FPG as a screening test was conducted by Sacks et

al.>?

As a screening test for GDM, the FPG is very appealing: It cheap, reliable, reproducible, does
not produce vomiting as seen with the OGTT/Glucose challenge test (GCT). Thus, it can be
administered in women unable to tolerate glucose drink and it takes less time than GCT. Using
the FPG make GDM screening and diagnosis patient friendly.** However, the value of FPG for
GDM screening remains uncertain. It is also not without problems. Incomplete fasting or an
inability to fast for at least 8 h may not be easy for some pregnant women. In many poorer
countries, multiple studies confirm that women find it hard to come to a clinic fasting. Often,
the dropout rate is high when a pregnant woman is asked to come again for an OGTT after the
clinic appointment. In some Asian populations, the FPG is inherently much lower but the
postprandial is very high.>® Thus, in India the authority on GDM, Diabetes in Pregnancy Study
Group India advocates “a single-step procedure”, i.e., the 2-h glucose without fasting glucose

for the screening and diagnosis of GDM.>¢
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Challenges in diagnosing GDM

Gestational diabetes mellitus (GDM) presents significant challenges in screening,
diagnosis, and management at global, national, and community levels. Screening
inconsistencies arise due to varying guidelines and healthcare infrastructure, particularly in
low- and middle-income countries (LMICs), where limited resources delay early detection.
Nationally, differing policies on universal versus selective screening contribute to missed
cases, with rural areas suffering from inadequate healthcare access. At the community level,
lack of awareness and cultural beliefs prevent many women from seeking timely screening,

leading to undiagnosed and untreated GDM.>’

Managing GDM requires continuous glucose monitoring, lifestyle modifications, and
medical support, yet financial constraints, inadequate healthcare systems, and inconsistent
provider guidance make adherence difficult. In LMICs, shortages of trained professionals and
conflicting recommendations further weaken care. Prevention strategies focusing on lifestyle
changes are hindered by socio-economic barriers, misinformation, and cultural norms
discouraging exercise during pregnancy. Without early intervention, many women with GDM
progress to type 2 diabetes, and their children face an increased risk of obesity and metabolic

disorders.”’

The cost of treatment, including medical consultations, transport, and nutritious food,
remains a major barrier, compounded by mental health challenges such as stress and
depression. Stigma and community misconceptions further reduce treatment adherence. Long-
term, women with a history of GDM are at elevated risk for type 2 diabetes, cardiovascular
disease, and stroke, with over two-thirds developing diabetes within two decades. Additionally,
fetal exposure to maternal hyperglycemia increases the likelihood of childhood obesity and

metabolic disorders, making GDM a critical concern for both maternal and child health.>’
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Predicting GDM

Gestational Diabetes Mellitus is a condition that arises during pregnancy and is
characterized by elevated blood glucose levels, which can lead to adverse maternal and
neonatal outcomes if not properly managed. Early detection and effective management are key
to minimizing these risks. Among the various diagnostic tools available, fasting glucose
measurements (both capillary and venous) and the OGTT remain central in the diagnosis and
prediction of GDM. Recent studies have explored the effectiveness and predictive value of

these methods, providing insights into how best to identify women at risk for GDM.

Capillary glucose testing is emerging as a convenient alternative for diagnosing GDM,
especially in settings where laboratory access is limited. A Swedish study evaluating capillary
glucose levels found that adjusting the diagnostic cutoffs improved accuracy to 85% sensitivity,
95% specificity, and 90.3% accuracy. Corrected thresholds were 5.3 mmol/L for fasting, 11.1
mmol/L for 1-hour, and 9.4 mmol/L for 2-hour samples, making capillary sampling a reliable
option when using validated point-of-care devices like the Accu-Chek Inform II. The study
suggested that capillary glucose testing could replace venous sampling in GDM diagnosis

without compromising accuracy.’®

Despite its benefits, venous plasma glucose remains the gold standard for GDM
screening due to its well-established diagnostic thresholds (=5.1 mmol/L fasting, >10.0
mmol/L at I-hour, and >8.5 mmol/L at 2-hours) as recommended by the IADPSG.'®
Comparative studies have shown that venous glucose readings are consistently lower than
capillary values, with mean differences of 0.22 mmol/L (fasting), 1.12 mmol/L (1-hour), and
0.87 mmol/L (2-hour samples). While venous testing provides higher precision, capillary
sampling offers a practical and immediate alternative, particularly in antenatal care settings

with limited laboratory infrastructure.*®
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The GDM prediction and screening are transforming early detection and risk
assessment. Machine learning (ML) models, such as XGBoost, logistic regression, and deep
neural networks, are proving to be more effective than traditional screening methods by
analyzing clinical, demographic, and biochemical factors. These models enable early
identification of high-risk pregnancies, allowing for timely interventions that reduce
complications for both mother and baby. Additionally, wearable devices and continuous
glucose monitoring systems are improving real-time data collection, making screening more

dynamic and personalized.*

Alongside technological advancements, refinements in traditional screening methods
are enhancing GDM detection. Early pregnancy biomarkers, such as HbAlc and plasma
proteins, are being incorporated into risk prediction models, helping to identify GDM earlier
in pregnancy. Population-specific screening strategies are also being developed to account for
ethnic and genetic differences, addressing disparities in diagnosis. These innovations mark a
shift toward personalized and accessible care, ensuring that more women receive timely and

effective screening, ultimately improving maternal and neonatal health outcomes.®

Studies measuring the prevalence of GDM

A study from the IDF Diabetes Atlas assessed the global burden of GDM, estimating
that 16% of all pregnancies are affected by hyperglycemia, with 84% of these cases classified
as GDM. Regional variations were noted, with the highest prevalence in the Middle East and
North Africa (12.9%), followed by Southeast Asia (11.7%), the Western Pacific (11.7%), and
South and Central America (11.2%). In contrast, lower prevalence was observed in Europe
(5.8%), North America (7.0%), and the Caribbean (7.0%). The study emphasized the impact
of ethnicity, lifestyle, and diagnostic criteria on GDM prevalence and highlighted the need for

standardized global screening approaches.®!
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An eGDM, a condition diagnosed before 24 weeks of pregnancy. Prevalence varies
widely, from 0.7% to 36.8%, depending on screening methods and criteria. Women with higher
BMLI, a history of GDM, or a family history of diabetes are at greater risk. eGDM is linked to
complications like large babies, C-sections, preterm birth, and high blood pressure. It also
raises the chances of postpartum diabetes and insulin dependence. The study calls for a
standardized screening approach to ensure early detection and better outcomes for mothers and

babies.5?

The prevalence of Gestational Diabetes Mellitus in India has shown a noticeable
increase between the National Family Health Survey (NFHS) rounds 4 and 5. According to
NFHS-4 (2015-2016), the national prevalence of GDM showed an increase from 0.53% , to
0.80% in NFHS-5 (2019-2021), marking an increase of 0.27 percentage.”’” The rise in
prevalence highlights a growing concern about GDM in the country, which can have significant
implications for both maternal and neonatal health. The increase in GDM prevalence is seen
across various states, with some states, such as Karnataka, witnessing more substantial
increases. The data also indicates that the prevalence of GDM is higher among older age
groups, with the highest prevalence observed in women aged 40-44 years. Additionally, urban
areas tend to have a slightly higher prevalence of GDM compared to rural areas, though the
difference is not large. This trend suggests that factors such as urbanization, lifestyle changes,
and increasing obesity rates may contribute to the rising incidence of GDM. The national-level
data underscores the need for improved screening and management of GDM, along with
awareness campaigns targeting at-risk populations, to reduce the associated health risks for

both mothers and their children.

A systematic review and meta-analysis published in 2024 estimated the national
prevalence of GDM in India at approximately 13%. The prevalence varied across regions, with

the highest rates observed in the North zone (16.1%) and the South zone (12.6%). The West
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zone had the lowest prevalence at 7%, while the East and North-eastern regions reported a
prevalence of 11.5%. Urban areas exhibited a higher prevalence (12%) compared to rural areas
(10%). These variations underscore the challenges in estimating GDM rates and the importance

of considering regional differences when interpreting these results.®

A population-based study conducted between 2005 and 2007 in Tamil Nadu assessed
the prevalence of GDM among 12,056 pregnant women across urban (Chennai), semi-urban
(Saidapet), and rural (Thiruvallur) areas. The findings revealed a distinct urban-rural disparity,
with the highest prevalence in urban areas (17.8%), followed by semi-urban (13.8%) and rural
areas (9.9%). GDM was significantly associated with increasing age, higher BMI (>25 kg/m?),
and a family history of diabetes. Women aged 30—34 years in urban and semi-urban regions
had the highest risk. These results highlight the need for region-specific screening and

preventive interventions to address the rising burden of GDM.%

In a field-based cross-sectional study carried out in the rural parts of Assam state, India,
by Chanda S, et al., 1410 pregnant women with gestational ages of 24-28 weeks took part. The
oral glucose tolerance test was administered to a total of 1212 pregnant women. Due to pre-
existing chronic conditions or extremely high blood glucose levels, 128 women were ineligible
for the test. In Assam, the prevalence of GDM was 16.67% overall. A high prevalence of GDM
in rural Assam warrants immediate government attention to safeguard the maternal and child
health in the state. The mobile medical units may play a significant role in the implementation
of GDM screening, diagnosis, treatment to ensure better maternal and foetal health outcomes

in rural Assam.®

A cross-sectional study, conducted at three Urban Health Centers (UHCs) in Belagavi,
aimed to determine the prevalence of GDM among pregnant women attending antenatal clinics.

A total of 360 pregnant women were included, and GDM was diagnosed using a standardized
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75gm oral glucose load and plasma glucose levels > 140 mg/dl, as per the DIPSI criteria. The
study found a prevalence of 12.2% for GDM among the participants. The mean age of the
participants was 24.3+3.92 years, and the mean BMI was 22.48+3.05 kg/m?. The study
observed that the prevalence of GDM increased with age and higher parity. The findings
emphasize the need for universal screening for GDM to identify the condition early and prevent

potential maternal and fetal complications.®’

A hospital-based cross-sectional study was conducted in the Faridabad district of
Haryana, India, in an antenatal clinic (ANC) at a sub-district hospital (SDH) by Malhotra S,
Kant S, et al. The study enrolled a total of 623 pregnant women out of 690, were screened to
determine the prevalence of GDM and its associated factors. By modified The IADPSG
criteria, the prevalence of GDM was 14.1%, and by DIPSI criteria, it was 6.7%. The prevalence
of GDM is underreported using DIPSI criteria. The risk of GDM was found to be correlated
with growing age, more years of schooling, and a positive family history of diabetes.
Prospective maternal and neonatal outcomes in these women who have been diagnosed with

GDM should also be monitored in future research. Malhotra et al. (2020)%®

A hospital-based study by Rajput et al. (2011) in Rohtak, Haryana, found a 7.1%
prevalence of GDM among 607 pregnant women (24-28 weeks gestation) using a 75 g OGTT.
While bivariate analysis identified multiple risk factors, multivariate analysis showed
significant associations with upper-middle-class socio-economic status and acanthosis
nigricans. The study underscores the need for targeted screening and early interventions for

high-risk women.®
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Studies predicting GDM

A prospective study in Saudi Arabia examined glucose intolerance one year postpartum
in 316 women with prior GDM at King Khalid University Hospital. Based on fasting blood
glucose and HbA Ic levels, 44% remained normoglycemic, 45% developed impaired glucose
tolerance (IGT), and 11% were diagnosed with diabetes. Although requiring insulin during
pregnancy [Odd’s ratio (OR) 3.8, P=0.08] and having a family history of type 2 diabetes (OR
1.2, P=0.40) were linked to higher odds of glucose intolerance, these associations were not
statistically significant. The study underscores the need for long-term monitoring and early

intervention to prevent type 2 diabetes in women with prior GDM.”°

Wu et al. (2020) aimed to develop an early prediction model for GDM using maternal risk
factors from the first trimester. They analyzed data from 14,015 pregnant women in the
Netherlands and 10,038 women in the USA. Their model performed well within the Dutch
dataset [Area Under the Curve (AUC) 0.81] but showed reduced accuracy when tested on the
U.S. dataset (AUC 0.69), highlighting the challenges of applying predictive models across
different populations. The study reinforces the potential of early screening while emphasizing

the need for region-specific adaptations.”!

This study examined the reliability of capillary whole blood glucose testing compared
to standard venous plasma glucose testing in screening for GDM. A total of 180 pregnant
women at risk for GDM underwent both tests following a 50-g glucose challenge. The results
showed a strong correlation (r = 0.832, p < 0.001) between the two methods. At a threshold of
140 mg/dL, capillary testing demonstrated high sensitivity (97.1%) with an accuracy of 73.9%,
while a 165 mg/dL cutoff yielded 98.2% specificity and 82.8% accuracy. GDM was identified
in 8.9% of participants. These findings indicate that capillary glucose testing may serve as a

reliable alternative for GDM screening.””

Page 34



Review Of Literature

Dhatt et al. in 2020 evaluated the Roche Accu-Chek Active glucose meter for GDM
screening using fasting capillary blood glucose (FCG) levels. Among 1,465 pregnant women
undergoing an OGTT, the study assessed the correlation between FCG and FPG using Passing
and Bablok regression and estimated total error through Bland—Altman analysis, with the DXC-
800 analyzer as the reference. GDM was diagnosed in 24.6% of participants using FPG and
23% via FCG. The Bland—Altman method showed a TE of -11.1% to 10.8%, and the receiver
operating characteristic (ROC) curve analysis yielded an AUC of 0.953, indicating high
diagnostic accuracy. The study concluded that the Roche Accu-Chek Active met analytical and

clinical quality standards, making it a reliable tool for GDM screening in outpatient settings.”

A retrospective study by Mirzamoradi et al. in 2020 assessed the predictive value of
first-trimester fasting blood sugar (FBS) levels for GDM. The study included 900 pregnant
women enrolled between 2017 and 2019, who underwent FBS testing in the first trimester and
a OGTT at 24-28 weeks of gestation. Results showed that 40.4% of women had FBS levels >
92 mg/dL. ROC curve analysis identified an optimal FBS cutoff of 82.5 mg/dL, with 62.2%
sensitivity and 45.1% specificity. The study concluded that while FBS may help in early

screening, GTT remains essential for accurate diagnosis.”

A comprehensive review on the utility of FPG as a screening tool for GDM, tracing its
evolution over three decades. Initially considered less reliable, recent studies have highlighted
its potential as a simpler, cost-effective alternative to the OGTT. The review emphasized FPG’s
feasibility in resource-limited settings and its role in early pregnancy screening for timely
interventions. While FPG offers advantages in ease of use and postpartum monitoring, the
study cautioned about its limitations, including the need for appropriate cutoff values for

accurate diagnosis.”

Page 35



Review Of Literature

Cosson et al. examined the role of early FPG in detecting eGDM. While FPG screening
in early pregnancy helps identify preexisting diabetes, intermediate hyperglycemia (5.1-6.9
mmol/L) is also linked to poor pregnancy outcomes. However, the study found that FPG >5.1
mmol/L alone is not a strong predictor of GDM diagnosed after 24 weeks. The authors suggest
adjusting early screening thresholds based on factors like ethnicity and BMI. They highlight
the need for early interventions, such as weight management, but emphasize that randomized

trials are essential to refine management strategies.’¢

A prospective cohort study by Shaarbaf Eidgahi et al. in 2020 assessed the diagnostic
accuracy of complete blood count (CBC) biomarkers for early prediction of GDM. The study
included 600 pregnant women, utilizing repeated measurements of hemoglobin (Hb),
hematocrit (Hct), FBS, and red blood cell count (RBC) during the first and early second
trimesters. The findings indicated that women who later developed GDM had significantly
higher levels of Hb, Hct, and FBS. The combined use of these biomarkers yielded a sensitivity
of 87%, specificity of 70%, and an AUC of 83%, suggesting that these parameters could serve

as an effective tool for early GDM detection.”’

Studies assessing the risk factors for GDM

The study "Treatment of Gestational Diabetes Mellitus Diagnosed Early in Pregnancy"
examined whether managing GDM before 20 weeks of gestation improves maternal and
neonatal outcomes. Researchers randomly assigned 802 pregnant women with risk factors for
hyperglycemia to either immediate treatment or a control group, where treatment was based on
a repeat OGTT at 24-28 weeks. The findings showed that early treatment reduced the risk of
adverse neonatal outcomes (24.9% vs. 30.5%) but had no significant effect on pregnancy-

related hypertension or neonatal lean body mass. Importantly, no major safety concerns were
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linked to early screening and treatment, suggesting that early intervention may benefit newborn

health without increasing risks for mothers.”

A hospital-based study conducted at King Saud Medical City in Riyadh explored the
risk factors associated with GDM among pregnant women attending antenatal care. The study
found that 23.9% of participants were diagnosed with GDM, highlighting the condition’s high
prevalence. Women with a family history of diabetes had a significantly higher risk (p=0.0218),
as did those with abnormal glucose tolerance test results (p<0.001). The risk was also greater
in the last trimester of pregnancy (p=0.0139). However, factors like smoking, hypertension,
and adherence to health advice were not significantly linked to GDM. These findings
emphasize the importance of early screening and targeted interventions, particularly for high-

risk women, to improve maternal and newborn health.”

A population-based study in South Delhi, part of the Women and Infants Integrated
Interventions for Growth Study (WINGS), explored the burden, risk factors, and outcomes of
gestational GDM among pregnant women from lower socio-economic backgrounds, finding a
prevalence of 19.2% among those who underwent at least one OGTT. Older maternal age,
higher BMI, and prediabetes at pregnancy confirmation were key risk factors, with prediabetes
more than doubling the risk (RR 2.08, 95% CI: 1.45-2.97), while each additional year of age
and each unit increase in BMI raised the risk by 10% and 4%, respectively. Interestingly, taller
maternal height appeared protective. Despite the high GDM prevalence, women who received
appropriate treatment did not experience increased risks of adverse pregnancy outcomes or
higher cesarean section rates. These findings underscore the need for early screening, targeted
antenatal care, and better management strategies, especially for high-risk women in

disadvantaged communities.*
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Ikoh et al. in 2021 conducted a review to examine the incidence and management of
T2DM in women who previously experienced GDM. GDM is a transient form of impaired
glucose tolerance during pregnancy, which significantly increases the risk of progressing to
T2DM postpartum. The review highlights that women with a history of GDM are at a
substantially higher risk of developing T2DM compared to those with normoglycemic
pregnancies. The long-term impact of T2DM on the health of the mother and the potential risks
to the offspring are of considerable concern. Key risk factors for the progression of GDM to
T2DM include advanced maternal age, insulin use during pregnancy, and the delivery of an
overweight baby. Given these risks, the review emphasizes the importance of effective
management strategies to prevent the onset of T2DM in women with a history of GDM. These
strategies include lifestyle modifications, postpartum care, breastfeeding, regular screening for
diabetes, and raising awareness about the risks. This review serves as a guide for healthcare
providers and women to understand the risks of T2DM following GDM and the necessary

management approaches to mitigate these risks.®!

A retrospective cohort study by Herath et al. examined the long-term risk of developing
T2DM in Sri Lankan women with a history of GDM. The study followed 119 women with
GDM and 240 without for over a decade. The incidence of diabetes was significantly higher in
the GDM group (56.3 per 1000 person-years) compared to the non-GDM group (5.4 per 1000
person-years), with a rate ratio of 10.42. Key risk factors for T2DM development included
maternal age over 30 years, insulin treatment during pregnancy, delivery of a baby weighing

over 3.5 kg, and a family history of diabetes. 3

A cohort study by Qi et al. explored whether excessive gestational weight gain (GWGQG)
during the first and second trimesters increases the risk of GDM among women pregnant with

singletons. The study included over 8,000 women who delivered in a Chinese hospital, with a
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significant proportion diagnosed with GDM. GWG was categorized using standard guidelines
and population-based measures. While initial analysis suggested a link between excessive
GWG and GDM, further analysis did not confirm a strong association. However, when GWG

exceeded higher percentiles, the risk of GDM was noticeably elevated.®?

A prospective cohort study published in Diabetes Care examined how maternal
hyperglycemia affects cardiometabolic risk in children. The study followed nearly 1,000
mother-child pairs from the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study,
assessing children at age seven. Results showed that children of mothers with GDM were more
likely to have abnormal glucose tolerance, higher body weight, and elevated blood pressure.
Maternal glucose levels during pregnancy were linked to glucose abnormalities in children,
even after accounting for other risk factors. The study also found that maternal hyperglycemia
had a stronger impact on obesity in girls than in boys. These findings suggest that maternal

blood sugar levels during pregnancy can have lasting effects on children's metabolic health.?*

A cross-sectional study, conducted in Serbia, aimed to identify factors associated with
insufficient leisure-time physical activity (LTPA) during the first trimester of pregnancy. The
study included 162 pregnant women from the Clinic for Obstetrics and Gynecology at the
Clinical Center of Serbia between January and June 2018. Data on social, pregnancy, and
lifestyle characteristics were collected using questionnaires such as the Pregnancy Risk
Assessment Monitoring System (PRAMS) and the International Physical Activity
Questionnaire (IPAQ). The findings revealed that 27.2% of the women had insufficient LTPA.
Multivariate logistic regression analysis showed that insufficient LTPA was significantly
associated with having less than 12 years of education (OR: 2.3, 95% CI: 1.05-5.04), self-rated
poor financial status (OR: 0.34, 95% CI: 0.14-0.79), and fewer hours spent walking before

pregnancy (OR: 0.87, 95% CI: 0.77-0.99). The study concluded that these factors could guide
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healthcare professionals in encouraging women planning pregnancy to engage in walking, as

it is a sustainable form of physical activity that can improve maternal health outcomes.®

Finnish Gestational Diabetes (FinnGeDi) investigated neonatal outcomes associated with mild
hyperglycemia in GDM using different OGTT thresholds. It included 4,939 singleton pregnant
women who underwent a 75g 2-hour OGTT in six Finnish delivery hospitals in 2009. Women
who did not meet Finnish diagnostic criteria (fasting glucose > 5.3 mmol/L, 1-hour glucose >
10.0 mmol/L, and 2-hour glucose > 8.6 mmol/L) but met IADPSG or The National Institute
for Health and Care Excellence (NICE) criteria were classified as having mild untreated
hyperglycemia. The primary outcome was a composite of adverse neonatal outcomes,
including hypoglycemia, hyperbilirubinemia, birth trauma, or perinatal mortality. Results
showed no increased risk of adverse outcomes in untreated mild hyperglycemia compared to
normoglycemic controls Adjusted Odds Ratio (aOR): 1.01 for IADPSG, 1.05 for NICE). The
study concluded that current OGTT thresholds are sufficient for identifying clinically relevant

GDM without excluding neonates at risk.

A case-control study explored early first-trimester biomarkers to predict GDM
development later in pregnancy. The study analyzed serum and plasma samples from 55
women who developed GDM and 55 controls from a cohort of 2,545 pregnant women in a
Hungarian biobank. Women who developed GDM were older and had higher Body Mass Index
(BMIs). Biomarkers such as fructosamine, total antioxidant capacity, testosterone, cortisone,
and 21-deoxycortisol were significantly higher in GDM-affected women, while soluble
urokinase plasminogen activator receptor (SuPAR) and cortisol were lower. A multivariate
logistic regression model incorporating these biomarkers achieved 96.6% specificity and
97.5% sensitivity for predicting GDM. The study concluded that early risk estimation using
these biomarkers could enable timely interventions, reducing long-term metabolic risks for

mothers and offspring.®’
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Hillier et al. (2016) study evaluated the impact of early GDM diagnosis on GWG among
5,391 pregnant women in a diverse health maintenance organization. Women diagnosed with
GDM early in pregnancy gained 2.4 kg less weight compared to those diagnosed later (Usual
GDM), with an average GWG of 10.7 kg. Obese women diagnosed early had a mean GWG of
8.1 kg, within Institute of Medicine (IOM) guidelines, while 59% of obese women diagnosed
later exceeded IOM recommendations. The study concluded that early GDM diagnosis in high-
risk women, particularly those who are obese, helps optimize GWG, preventing excessive

weight gain and improving maternal and fetal outcomes.3®

A randomized controlled trial evaluated the effects of a preconception lifestyle
intervention on maternal glucose tolerance and cardiometabolic outcomes in women at
increased risk for GDM. The trial included 167 women aged 18-39 years, randomized into an
intervention group (exercise and time-restricted eating) or a control group. The primary
outcome was glucose tolerance at 28 weeks of gestation, with additional maternal and offspring
health outcomes measured before and during pregnancy, at delivery, and postpartum. The study
used linear mixed models for analysis and followed the 'intention to treat' principle. Approved
by Norwegian ethics committees, the trial aimed to provide evidence for preconception

interventions to improve maternal and offspring health.®

A mixed-methods study assessed electronic health literacy (eHealth literacy) among
235 pregnant women with GDM in China. Participants completed the Chinese version of the
electronic Health Literacy Scale (eHEALS), with a median score of 29 (IQR: 26-32),
indicating moderate eHealth literacy. Socioeconomic factors such as education level, age, and
access to technology significantly influenced eHealth literacy. Semi-structured interviews with
11 women revealed challenges in understanding complex medical information and assessing

the credibility of online sources. The study emphasized the need for clear, credible, and user-
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friendly online health resources to improve GDM management and maternal-infant health

outcomes. *°
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METHODLOGY

The present community-based longitudinal study was conducted to estimate the
prevalence of Gestational Diabetes Mellitus (GDM) among pregnant women in their first-
trimester residing across four primary health centres which are under the administrative control
of Jawaharlal Nehru Medical College (JNMC), Belagavi, Karnataka, India, covering both rural

and urban settings:
e Primary Health Centre (PHC), Kinaye,
e Primary Health Centre (PHC), Vantamuri,
e Urban Primary Health Centre (UHC), Rukmini Nagar, and

e Urban Primary Health Centre (UHC), Ashok Nagar.

MAPS

Figure 4. Map of Karnataka Highlighting Belagavi District
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Design

The study design was community based longitudinal study.

Duration

22 months — conducted from 1% April 2023 to 31 January 2025.

Participants

Pregnant women aged between 18 and 45 years, residing in the field practice area of
Jawaharlal Nehru Medical College (JNMC), Belagavi district, during their first trimester and
residing in the following primary health care settings:

Primary Health Centers - Kinaye and Vantamuri (Rural);

Urban Primary Health Centers - Rukmini Nagar and Ashok Nagar (Urban)

Selection criteria

Inclusion

a. Pregnant women residing in the field practice area, who are willing to participate in the
study and will be able to give informed consent.

b. Age between 18 to 45 years

c. Women with singleton pregnancy
d. Pregnancy registered before 13 weeks of gestational age
Exclusion

a. Known history of diabetes mellitus.
b. Known history of chronic kidney disease, chronic pancreatitis, and other severe illnesses
c. Women who are currently taking medications that may affect glucose metabolism

(e.g. glucocorticoids, antipsychotics, etc.)
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Sample Size:
The required sample size is calculated using the formula:

NXzZ_, Xp (100-p)
dZ X (N-1)+z_, XpX(100-p)

Where, N = Population size,
p = prevalence of GDM,
d =Error (Relative),
Zy_q = critical value

By taking population size as 410, prevalence of Gestational Diabetes Mellitus as 14%%*

(191 "and relative error as 10% of p=0.1 x 14 = 1.4.

For 99% confidence, z;_, = 2.58

410X 2.582X14X(100—-14)
1.42X (410—1)+ 2.58%X 14X ( 100—14)

n=

410X6.6564X14X(86)
1.96X (409)+ 6.6564X 14X (86)

3285865.296
8815.94

n=372.75 =373

n = 373 X Attrition

n=373 X 1.2

n=447.6 = 450

Considering 20% drop outs from the study, the total sample size obtained

was 450.
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Sampling method

We employed two step sampling:

For total study population: Stratified population proportionate sampling was done

to select the number of first trimester pregnant women below 13 weeks of gestation in
each center and by taking the average data of first trimester registered ANC women for

the past 3years residing in the field practice area, total study population is calculated.

For individual health centers: Systematic random sampling was used for Data
collection.
Sampling interval (K) was calculated from No. of Pregnant women in the respective

center with total number of ANC pregnant women in that field practice area.

As per the table mentioned above, every 3" ANC registered mother was selected for

the study after selecting the 1% ANC Mother using lottery method.
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Total no. of ANC mothers below 13 weeks of gestational age registered in each

health center in field practice area are as below:

Name of The Total No. of Calculation for No. of ANC Sampling
Centers Anc Below Proportionate Mothers Interval (K)
13 Weeks Sampling Selected for
Study
ASHOK 270 270/1643*450=74 74 270/74 =3
NAGAR UHC
RUKMINI 719 719/1643*450=197 197 719/197 =3
NAGAR UHC
VANTAMURI 280 280/1643*450=77 77 280/77 =3
PHC
KINAYE PHC 374 374/1643*450=102 102 374/102 =3
TOTAL =450

Ethical Clearance

The study was approved from Institutional Ethics Committee for Human Subject’s

Research, Jawaharlal Nehru Medical College, Belagavi. Ref No: MDC/JNMCIEC/47

(Annexure I)

Clinical Trials Registration No.: This study is registered under Clinical trial Registry,

India at www.ctri.gov.in with Reg. No: CTR1/2023/05/053343
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Informed consent

Based on the selection criteria, the study participants were selected and written informed

consent (Annexure II) was obtained from all the participants, before collecting the data.

Data collection procedure

Initial Screening and +Consent
Enrollment
* Sociodemographic details

Visit 1: ¢ Pertinent Obstetric History
(First Trimester) ¢ Risk factors for GDM
¢ Fasting Blood Glucose

*Oral glucose tolerance test

Visit 2: * Oral Glucose Tolerance Test
(Second Trimester) at 2428 weeksGA (if re quired)

Visit 3: (At ¢Pregnancy Outcomes
delivery & «Mother
postpartum) ¢+Newborn

Figure 9: Data collection flowchart

¢ Initial Screening & Enrollment: Participants provide consent for the study.

e Visit 1 (First Trimester): Data collection includes socio-demographic details, obstetric
history, GDM risk factors, fasting blood glucose, and an oral glucose tolerance test (OGTT).

e Visit 2 (Second Trimester): If needed, an OGTT is repeated at 2428 weeks of gestation
to confirm GDM.

e Visit 3 (Delivery & 1 week Postpartum): Pregnancy outcomes for both mother and
newborn are assessed.

e This stepwise approach ensures early detection and management of GDM, improving

maternal and neonatal outcomes.
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STEP 1:

Initially the eligible participants were screened for the inclusion and exclusion criteria and

written informed consent was obtained after explaining the study procedures.

Data was collected using a structured questionnaire regarding the sociodemographic variables,
family history of DM and other chronic conditions, current medical history, current and past
obstetric history (as applicable), pertinent clinical data, maternal anthropometry including pre-
pregnancy weight (clinical records and/or participants’ self-assessment), present weight, height
& body mass index (BMI); lifestyle factors viz. tobacco & alcohol consumption, physical
activity, fruits and vegetables consumption and biochemical investigations details (as provided

in the mother’s card) and other risk factors of GDM.
STEP 2:

Participants in their first trimester (up to 13" week of gestation) tested for fasting blood glucose
an early morning blood sample is measured using capillary blood glucose (minimum of 8hours

of fasting was required).

The classification based on the FBG is as follows:'® Normal glucose tolerance is defined as
FBG below 92 mg/dL, indicating normal glucose metabolism during pregnancy. GDM is

diagnosed when FBG is 92 mg/dL or higher, suggesting impaired glucose regulation
STEP 3:

All the study participants underwent an Oral glucose tolerance test (OGTT) with Uncanny’s
Check-75 ,75g anhydrous glucose powder in the same week [before 13 weeks 6 days
gestational age (GA)] at their primary health centres. The procedure was explained to the

participants. The glucose powder was dissolved in 250-300 ml of water and pregnant women
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were asked to consume it in five minutes, regardless of whether she was fasting or not, or when

she consumed her last meal.”!

The results were assessed using Diabetes in pregnancy study group of India (DIPSI) Criteria®®
i.e., blood glucose level of >140 mg/dl two hours after the consumption of 75 mg of anhydrous

glucose was considered GDM using capillary blood glucose method, under aseptic precautions.
STEP 4:

Participants who had normal blood glucose value in the first trimester were assessed for OGTT

in the 24 -28 week of GA using capillary blood glucose method, under aseptic precautions.

The results were assessed using DIPSI criteria’! (blood glucose level of >140 mg/dl two hours
after the consumption of 75 mg of anhydrous glucose was considered GDM) using capillary

blood glucose method, under aseptic precautions.

The diagnostic predictivity of GDM using FBG was compared with OGTT at First Trimester

and Second Trimester.
STEP 5:

Final study outcomes were assessed during delivery and one week post-delivery based on the
available hospital records. Pregnancy outcomes including complications during antenatal,
intra-natal and postpartum period, mode of delivery, details of the delivery, and neonatal
outcomes viz. birth weight, gender, requiring ventilatory support at birth, and details of

admission at neonatal intensive care unit (NICU) were assessed until one-week post-delivery.
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Instruments used for data collection

1. ACU-CHECK Analog Body Weight Scale, Mechanical Weighing scale for measuring
body weight.

2. PAERIK INDIA Height measuring scale - Stadiometer - Precision Model, for height
measurement (for BMI calculation)

3. Stethoscope

4. Omron - Validated digital sphygmomanometer with standard adult cuff (Style Name:
HEM 7120 Fully Automatic Digital Blood Pressure Monitor)

5. Dr. Morepen’s capillary blood glucometer to measure fasting blood glucose (FBG) and
glucose levels during the OGTT.( Model Name BG-03 Gluco One Glucometer)

6. Uncanny’s Check 75 - 75g anhydrous glucose sachets for preparing the glucose solution
required for OGTT.

7. Measuring glass or container to dissolve glucose powder in 250-300 mL of water.

8. Stopwatch or timer to ensure accurate timing for the two-hour blood glucose
measurement post-glucose consumption.

9. Personal protective equipment (PPE) such as gloves and masks to maintain aseptic

precautions during sample collection.

All the instruments were standardized.

Statistical analysis

The data was tabulated and master chart was prepared (Annexure IV). Data collected in the
questionnaire (Annexure I1I) was coded and entered in Microsoft excel sheet. Random checks
were done to ensure correctness of the data entered. Missing values were noted and recoded.

The data was transferred and analyzed using Statistical Package for Social Sciences (SPSS),
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version 26 [IBM Corp. IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM

Corp.; 2019.]

Descriptive statistics were used to summarize the sociodemographic characteristics, family and
obstetric history, lifestyle factors, clinical data, and risk factors of the study population.
Measures such as frequencies, percentages, means, and standard deviations were calculated as

appropriate.

The Chi-square test was applied to assess the association between categorical variables, such

as the presence of GDM (diagnosed using FBG and OGTT criteria) and other risk factors.

Multiple logistic regression analysis was performed to identify independent predictors of
GDM, adjusting for potential confounding variables. The regression model estimated adjusted

odds ratios (OR) with 95% confidence intervals.

The diagnostic accuracy of fasting blood glucose (FBG) in predicting GDM was compared to
the first trimester OGTT results. The following metrics were calculated: sensitivity (ability of
FBG to correctly identify true GDM cases), specificity (ability of FBG to correctly identify
non-GDM cases), positive predictive value (PPV), negative predictive value (NPV), and area
under the curve (AUC) of the Receiver Operating Characteristic (ROC) curve to evaluate the

overall diagnostic performance of FBG compared to OGTT.

Funding information: This study is funded by the Research Society for the Study of Diabetes
in India (RSSDI). Financial support is specifically allocated through the Central Division, New

Delhi.
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DEFINITION OF STUDY VARIABLES
SOCIO-DEMOGRAPHIC VARIABLES

Age: Age was documented to the nearest completed year according to the information provided

by the study participants and/or verifying relevant documents (Aadhar card, etc.)

Religion: The subject’s religion was noted and was grouped as “Hindu”, “Islam”,

“Christian”, “Sikh”, “Jain” and “Others” (Buddhist, Parsi, Odia etc)

Educational status: The participants were asked to indicate their highest level of education

completed, and based on their responses, they were grouped into five categories:

¢ No formal education: A person has not received or attended any formal school
e Primary: A person who had studied till or less than Seventh standard.

e Secondary: A person who had studied from eighth to tenth standard.

e Collegiate & Graduate: A person who has completed pre-university collegiate education
or a diploma or person who has completed their education up to graduation and earned a

degree.

e Post graduate: A person who has completed their education up to post-graduation and

earned a master’s degree.
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Main work status

Homemaker: An individual whose main activity involves performing household tasks

without receiving payment.

Government employee: An individual employed by a government office or agency and
receiving a salary. This includes employees of the Central, State, or Municipal

governments, as well as those working for government-owned agencies.

Non-Government employee: An individual who is employed to work and receives a salary

or wages. This includes employees who are not employed by the government.

Self-employed: An individual who creates goods for sale or earns an income by providing
services to others, and/or spends a significant amount of time working in a family business,

farming, or similar activities.

Agriculture: work related to the cultivation of crops, raising livestock, or other farming
activities, including tasks like planting, harvesting, irrigation, and managing agricultural

production.

Unemployed: individuals who are actively seeking work but are not currently employed.

Socioeconomic status: The socio-economic status is assessed by per-capita income of the

family. The total monthly income of the family in rupees was recorded along with the family

size. The per capita monthly income was calculated by dividing the total family income by the

no. of family members, and the family was then classified according to the modified B. G.

Prasad's classification.
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Modified B.G. Prasad’s Classification (2024) *2

Socioeconomic Prasad's Classification (1961) per | Per Capita Income in
Class capita income in ¥/month ¥/month (2024)

I 100 & above %9,098 and above

II 50 to 99 24,549 to 9,097

11 30 to 49 22,729 to %4,550

v 15t0 29 21,365 to 22,728

\% Below 15 Below 1,365

e Average Consumer Price Index for the year 2024 = INR 550.00 (estimated CPI-IW

for the year).”?

e Calculation of Correction Factor (C.F.)

e C.F.=(Average CPI for study period / 100) x 4.93

C.F. = (1550.00 / 100) x 4.93

C.F.=1550x%x493=76

Thus, the correction factor (C.F.) for 2024 is approximately 76.

This C.F. will be used to adjust the original income values from Prasad's 1961 classification to

reflect the economic conditions of 2024.

Family History: Family history of Diabetes Mellitus and Hypertension was assessed among

parents and siblings of the participants.

e Diabetes Mellitus Assessed if any parent or sibling was diagnosed with diabetes, a known

risk factor for developing the condition
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Hypertension Assessed if any parent or sibling had hypertension, which increases the risk

of developing high blood pressure.”

MEDICAL CONDITIONS PRIOR TO PREGNANCY

Hypertension: History of high blood pressure before conceiving and/or on regular

treatment with anti-hypertensive medications.”

Cardiac Problems: Prior cardiac issues, including heart attacks or arrhythmias diagnosed
before pregnancy and/or on treatment for the same. *°

Thyroid Disease: Thyroid disorders diagnosed before pregnancy, such as hypothyroidism

or hyperthyroidism and/or on treatment for the same.”®

Tuberculosis (TB): Prior TB diagnosis refers to a history of tuberculosis disease before

pregnancy and/or on anti-Tb treatment.”’

COVID-19: COVID-19 diagnosed prior to pregnancy refers to individuals who have been

infected with the SARS-CoV-2 virus before conception.”®

CURRENT OBSTETRIC HISTORY

Gravida: Gravida refers to the total number of pregnancies a woman has had, regardless of the

outcome. This includes all pregnancies, whether the outcome was a live birth, stillbirth, or

miscarriage.”

Parity: Parity indicates the number of pregnancies a woman has carried to a viable gestational

age (usually considered as 20 weeks of gestation or more). It is used to assess obstetric risk and

outcomes.”
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Last Menstrual Period (LMP): The LMP is the first day of the most recent menstrual period,

which is used to calculate the estimated due date and gestational age of the pregnancy.”

Menstrual Cycle: The menstrual cycle is the interval from the first day of one period to the
first day of the next, generally spanning 21 to 35 days. Regular cycles occur consistently within

this range, while irregular cycles fluctuate in length.*

Oral Contraceptive Pills Use: Refers to the use of hormonal contraceptive methods to prevent
pregnancy. The duration of oral contraceptive pill use may influence fertility and timing of

conception.”

Ultrasound (USG) Date: The date when an ultrasound was performed to evaluate fetal
development, gestational age, and any potential complications. Ultrasounds are vital for

monitoring pregnancy health.!%

LABORATORY PARAMETERS

Haemoglobin: Measures the amount of haemoglobin in the blood. Low levels can indicate

anaemia, which may need treatment to avoid complications during pregnancy.

Normal Range: 11.0 - 14.0 g/dL for pregnant women. The categories of Anemia is as
follows.'"!

Categories of Anemia Haemoglobin values
for Pregnant women

Mild 10.0 — 10.9 mg/dL
Moderate 7.0 — 9.9 mg/dL
Severe < 7.0 mg/dL

Very severe < 4.0 mg/dL
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HIV Status: A test to determine whether a pregnant individual is infected with the human
immunodeficiency virus (HIV). Early diagnosis allows for timely intervention to prevent

transmission to the baby.!*?

HbsAg Status: The test for hepatitis B surface antigen (HbsAg) identifies whether an
individual is infected with hepatitis B. This is important for preventing mother-to-child

transmission of the virus during childbirth.!*

Blood Group: The test identifies the individual's blood type (A, B, AB, or O) and Rh factor.
It is important for managing potential Rh incompatibility and ensuring safe blood

transfusions, if needed.”

Urine protein A test to check for protein in the urine, which can be a sign of preeclampsia,
kidney disease, or other pregnancy complications. Proteinuria is commonly monitored
throughout pregnancy to detect these conditions early. Normal Range: No detectable

protein or < 30 mg/dL.'%

Urine sugar A test to screen for diabetes by detecting excess sugar in the urine, which can
be an indicator of glucose intolerance during pregnancy. Presence of urine sugar indicates

the blood glucose level above the renal threshold.!%

Thyroid test — TSH (Thyroid-Stimulating Hormone): A test to measure the level of TSH,
which helps to assess thyroid function. Hypothyroidism or hyperthyroidism can affect
pregnancy outcomes and fetal development. The TSH levels are categorized as <2.5, 2.5 —

5.0,>5.0 mIU/L.%®
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PAST OBSTETRIC HISTORY

Diabetes Mellitus: The history of DM was determined if the individual had been diagnosed

by a physician or was using oral hypoglycemic agents, insulin, or both for treatment.'%

Gestational hypertension: Presence of high blood pressure during pregnancy. Gestational
hypertension is characterized by elevated blood pressure (>140/90 mmHg) occurring after 20

weeks of gestation without proteinuria.”

Pre-eclampsia: Pre-eclampsia is a condition with blood pressure >140/90 mmHg with
additional signs such as proteinuria and organ dysfunction, typically after 20 weeks of
pregnancy. Diagnosis was made through routine prenatal blood pressure measurements and

urinalysis.”’

Previous LSCS: History of a prior cesarean section delivery, which may affect future

pregnancy management.”>

Neonatal death: Death of a newborn within the first 28 days of life, often due to prematurity

or birth complications.!%

Still birth: Fetal death after 20 weeks of gestation but before or during delivery. /%

Previous difficult labor: Complications during a previous labor, such as prolonged labor or

fetal distress, requiring intervention.”’

Rh Incompatibility: Incompatibility between the Rh blood type of mother and fetus,

potentially leading to fetal complications. ¥

Bad obstetric History A history of pregnancy complications such as recurrent miscarriage or

preterm birth®°
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Anxiety: History of anxiety disorders, affecting mental and physical health during

pregnancy.!'?’

Depression: History of depression, influencing both maternal well-being and pregnancy

outcomes. '’

ANTHROPOMETRIC MEASUREMENTS

Height: The subject was asked to stand straight without footwear, ensuring that the heels,
buttocks, and back were aligned, with arms hanging by the sides. Height was measured from
head to heel using a metallic measuring tape, with the measurement recorded to the nearest 0.1

cm. 108

Weight: Body weight was recorded without footwear and minimal clothing using a
standardized portable adult weighing machine, which was calibrated periodically throughout
the study. The scale was adjusted to zero before each measurement, and weight was recorded

in kilograms to the nearest 0.1 kg. '%8

Calculation of Body Mass Index (BMI):

BMI was calculated using the following formula:

Weight in Kg
BMI =

(Height in Meter) 2
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As per the revised guidelines recommended by 2024 WHO guidelines,!*® persons with BMI
values of less than 18.5 were classified as “Underweight”, 18.5 to 24.99 were classified as
“Normal weight”, 25.0 to 29.99 were classified as “overweight / pre-obese” and 30.0 to 34.99
were classified as “Obese class I, 35.0 to 39.99 were classified as “Obese class 117, > 40.0

were classified as “Obese class 111”.

Category BMI range (Kg/m?)
Underweight <18.5
Normal 18.5-24.99
Overweight 25-29.99
Obesity class | 30-34.99
Obesity class 11 35-39.99
Obesity class 11 >40.0

For Asian populations, including India, the International Obesity Task Force (IOTF) has set

the following BMI cut-offs: '1°

Category BMI range (Kg/m?)
Underweight <18.5
Normal 18.5-22.99
Overweight 23.0-24.99
Obesity >25
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LIFESTYLE INFORMATION

Tobacco use: For the assessment of history of use of tobacco in any form (smoking or
smokeless) period of recall was considered for the past one year and was based on WHO

guidelines for tobacco use surveillance.!!!

Smoking tobacco:

Smokers: Subjects those who had smoked in the past or smoking at present were considered as

“smokers”.

Current smoker: The person who smoked beedis or cigarettes at least for the last one year.

Daily smoker: The person who smoked beedis or cigarettes daily for the last one year.

Past smoker: The person who smoked beedis or cigarettes earlier but left smoking for the last

one year.

Non-smokers: Subjects who had never smoked any form of tobacco (Cigarettes/Beedi) are

categorized as “non smokers”.

Smokeless tobacco use:

Smokeless tobacco user: Subjects those who had used smokeless tobacco in the past or using

at present were considered as “smokeless tobacco user”.

Current use of smokeless tobacco: The person who used any form of smokeless tobacco

products (Snuff, Gutka, Chewing tobacco, etc.,) at least for the last one year.

Past user of smokeless tobacco: The person who used smokeless tobacco earlier but left using

it for the last one year.
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Non user of smokeless tobacco: Subjects who had never used any form of smokeless tobacco

were considered as “non users of smokeless tobacco”.

Alcohol Consumption: For the assessment of history of alcohol consumption period of recall

was considered for the past one year.!!?

Alcoholics: Subjects who had consumed any drink containing alcohol either in the past or

consuming at present were categorized as “alcoholics”

Present alcoholic: The person who consumed alcohol at least for the past one year.

Past alcoholic: The person who consumed alcohol earlier but left consuming alcohol for the

last one year.

Non-alcoholics: Subjects who had never consumed alcohol.

Diet: Dietary assessment included frequency of fruits and vegetable

consumption. '

Dietary assessment was conducted to evaluate the frequency of fruit and vegetable
consumption among the study subjects. The frequency of fruit consumption was measured
based on a typical week. Participants were categorized into four groups: those who never
consumed fruit, those who consumed fruit 1-3 days per week, those who consumed fruit 4—6
days per week, and those who consumed fruit on all days of the week. A serving of fruit was
defined as one medium-sized piece, approximately 80 grams, such as a banana, apple, or

orange. These categorizations were based on guidelines provided by the.!'?
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Similarly, vegetable consumption was assessed based on the frequency of consumption over
the course of a typical week. Subjects were divided into four categories: those who never
consumed vegetables, those who consumed vegetables 1-3 days per week, those who
consumed vegetables 4—6 days per week, and those who consumed vegetables on all days of
the week. A serving of vegetables was defined as one medium-sized cup of raw green leafy
vegetables or half a cup of cooked vegetables, such as carrot, pumpkin, corn, tomatoes, or
beans, weighing approximately 80 grams. The classification and methodology followed the

recommendations of the.'3

Physical Activity: Physical activity was assessed across three domains: work-related, leisure
time, and travel-related. Each domain was classified into three categories: sedentary, moderate,

and vigorous, based on the intensity and duration of the activities.’?

1. Work-Related Physical Activity:'%°

Sedentary work includes activities that involve mostly sitting or standing, with

walking for less than 10 minutes at a time.

Moderate work involves moderate-intensity activities, such as brisk walking or

carrying light loads, for at least 10 minutes at a time.

Vigorous work includes activities requiring vigorous physical exertion, such as

heavy lifting or digging, for at least 10 minutes at a time.

Individuals who reported engaging in all three types of activity were categorized as
vigorously active at work. Those who reported both moderate and sedentary activities

were classified as moderately active at work.'"

Page 66



Methodology

2. Leisure Time Physical Activity:!?

Sedentary leisure includes activities such as sitting, reclining, or standing, with no

physical activity lasting more than 10 minutes at a time.

Moderate leisure involves moderate-intensity activities like brisk walking, cycling,

or playing games for at least 10 minutes at a time.

Vigorous leisure includes vigorous activities such as running, strenuous sports, or

weight lifting for at least 10 minutes at a time.

Individuals who reported engaging in all three types of leisure activities were classified
as vigorously active during leisure. Those who reported moderate and sedentary

activities were classified as moderately active during leisure.'”

BIOCHEMICAL MEASUREMENTS

Fasting Plasma Glucose (FPG): Fasting plasma glucose is a diagnostic test used to measure
blood glucose levels after an individual has fasted for at least 8 hours. It is commonly used to
diagnose diabetes and assess glycaemic control. According to the World Health Organization
(WHO) and American Diabetes Association (ADA) guidelines, a fasting plasma glucose level

of:

e Normal: Less than 92 mg/dL (5.6 mmol/L)
e Pre-diabetes: 92—125 mg/dL (5.6-6.9 mmol/L)

*  Diabetes: 126 mg/dL (7.0 mmol/L) or higher on two separate occasions.'%’
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Oral Glucose Tolerance Test (OGTT): The OGTT is a diagnostic tool used to evaluate the
body’s ability to process glucose. After fasting overnight, a person drinks a glucose solution
containing 75g of glucose, and blood glucose levels are measured at intervals, typically at 2

hours. The results are interpreted as follows:

e Normal: 2-hour blood glucose level less than 140 mg/dL (7.8 mmol/L)

e Pre-diabetes: 2-hour blood glucose between 140-199 mg/dL (7.8-11.0 mmol/L)
Diabetes: 2-hour blood glucose level of 200 mg/dL (11.1 mmol/L) or higher.!'%
DIPSI Criteria (Diabetes in Pregnancy Study Group India): The DIPSI criteria are
used for diagnosing gestational diabetes mellitus (GDM). The test involves a 75g oral
glucose load, and the blood glucose level is measured after two hours. A 2-hour plasma
glucose level greater than or equal to 140 mg/dL (7.8 mmol/L) is considered diagnostic

for gestational diabetes mellitus.”!

Blood Pressure Measurement: Blood pressure is measured using a sphygmomanometer,
typically through the brachial artery. The measurement is recorded in millimetres of mercury
(mmHg) and consists of two numbers: systolic (the pressure when the heart beats) and diastolic
(the pressure when the heart is at rest.!%®

During the course of interview, three measurements of blood pressure of each study participant
were measured using mercury sphygmomanometer at an interval of 5 minutes in sitting
position. The reading of blood pressure was obtained after the subject had rested for at least
five minutes in the seated position. The first blood pressure measurement was recorded after

obtaining socio-demographic information from study subject, while second and third was

recorded during clinical examination.
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All blood pressure measurements were made on left arm of each subject, using an
adult cuff of appropriate size covering 80% of the arm. The sphygmomanometer was kept at
the level of the heart. The average of last two SBP and DBP reading in mm Hg were noted to
describe the blood pressure of the participant.16
Categorization of subjects by blood pressure levels:

The subjects were divided into “Normotensive”, “pre hypertensive “or “Hypertensive” on the

basis of their blood pressure levels according to INC VIII criteria.!'

Category SBP (in mmHg) DBP (in mmHg)

Normotensives <120 and <80

Prehypertensive 121 -139 or 81-89

Hypertension stage I 140 - 159 or 90-99

Hypertension stage 11 > 160 or >100
POSTNATAL PARAMETERS

Polyhydramnios: An excessive amount of amniotic fluid in the uterus, often leading to
complications like preterm labour, fetal malpresentation, or placental abruption. It can result
from conditions such as gestational diabetes or fetal anomalies that affect swallowing or kidney

function. Diagnosis is usually made through ultrasound examination.”

Antepartum Haemorrhage: Bleeding from the genital tract after the 20th week of pregnancy
but before the onset of labour. It can result from placental abnormalities such as placenta previa,
placental abruption, or other causes. Antepartum haemorrhage may pose significant risks to

both the mother and fetus, requiring immediate medical evaluation and intervention.”

Page 69



Methodology

Abnormal Lie: A fetal lie that deviates from the normal longitudinal cephalic presentation,
such as breech or transverse lie. These abnormal presentations can complicate labor and

delivery, often requiring a cesarean delivery or other interventions.”

Anaemia: A condition characterized by a low red blood cell count or hemoglobin concentration
in the blood, leading to decreased oxygen delivery to tissues. In pregnancy, iron deficiency
anaemia is most common, but folate and vitamin B12 deficiencies can also contribute. Severe

anaemia can lead to complications like preterm birth and low birth weight.*>

Preterm Labour (< 37 weeks): Labor that begins before 37 weeks of gestation. Preterm labor
is associated with an increased risk of neonatal morbidity and mortality, including respiratory

distress syndrome and other complications.’®

Premature Rupture of Membranes (PROM): The breaking of the amniotic sac before the
onset of labor. If this occurs before 37 weeks, it is termed preterm PROM. This condition

increases the risk of infection and preterm birth.”

Oligohydramnios:A condition of low amniotic fluid, defined by a deepest vertical pocket of
less than 2 cm or an amniotic fluid index of less than 5 cm. It can lead to complications such

as fetal growth restriction and umbilical cord compression.”

Cervical Incompetence: A condition where the cervix prematurely dilates, often leading to

preterm birth or miscarriage, typically managed with cervical cerclage.”

Pelvic Inflammatory Disease (PID): An infection of the female reproductive organs, typically

caused by sexually transmitted infections like Chlamydia or Gonorrhoea.”
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Urinary Tract Infection (UTI): A bacterial infection of the urinary tract, commonly seen in
pregnancy, that can lead to complications like preterm labor if untreated. Symptoms include

dysuria and frequent urination.”

Types of delivery

* Vaginal Delivery (Without Forceps/Vacuum): A natural childbirth where the baby is
delivered through the birth canal without the use of instruments. This method is

preferred when there are no complications.!!s

Vaginal Delivery (With Forceps/Vacuum): Assisted vaginal delivery using
instruments like forceps or a vacuum extractor to help guide the baby out of the birth
canal. This is typically done when there are difficulties during the second stage of labor,

such as fetal distress or prolonged pushing.'!>

Lower Segment Caesarean Section (LSCS): A surgical procedure in which an
incision is made through the abdominal wall and uterus to deliver the baby. LSCS is

typically performed when a vaginal delivery poses a risk to the mother or baby.!'¢

Gender of the Baby : This variable denotes the biological sex of the newborn.

Birthweight: The weight of the newborn immediately after birth, measured in grams.
Birthweight is a critical indicator of newborn health and can help assess the risk for neonatal

complications.

A birthweight of less than 2500 grams is classified as low birth weight (LBW), while a

birthweight over 4000 grams is considered high birth weight (HBW).!!”
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Required Ventilatory Support: This variable refers to whether the newborn requires any form

of respiratory support to aid in breathing after birth. The types of support include:''®

e Bag and Mask Ventilation (BMV): A manual resuscitation device used to provide

artificial ventilation.

e Oxygen: Administering pure oxygen to help the baby breathe.

o Positive Pressure Ventilation (PPV): A technique used to maintain airway pressure,
often used when a baby requires more help to breathe than what can be provided by bag

and mask alone.

e Other: Includes other forms of respiratory support such as Continuous Positive Airway

Pressure (CPAP) or mechanical ventilation.!!8

NICU admission typically occurs when a newborn requires specialized care due to

complications such as prematurity, respiratory distress, infections, or other critical conditions.”

Congenital Anomalies in Neonate refers to any structural or functional abnormality present
in a neonate at birth, which may involve various body systems, such as the cardiovascular,
nervous, or musculoskeletal systems. Congenital anomalies can either be detected immediately
after birth or discovered later in the neonatal period. These anomalies can be classified as major

or minor depending on their severity and potential impact on the newborn's health. '*°

Types of congenital anomalies might include:

o Cardiac defects (e.g., atrial septal defect, ventricular septal defect)
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e Neural tube defects (e.g., spina bifida, anencephaly)
e (left lip/palate
e Genitourinary abnormalities (e.g., hypospadias, renal agenesis)

o Musculoskeletal abnormalities (e.g., clubfoot, polydactyly)!'"’

Abnormal Fetal Heart Rate (FHR): Abnormal fetal heart rate during delivery refers to
irregular patterns in the fetal heartbeat, which can indicate fetal distress and may require

intervention such as a cesarean section or forceps delivery.”

Fever (>100.4°F / 38°C): A maternal fever exceeding 100.4°F (38°C) during delivery can be
a sign of infection or inflammation, which may require management to prevent complications

for both mother and baby. %>

Shoulder Dystocia: Shoulder dystocia is a complication where the infant's shoulder becomes
impacted behind the mother's pubic bone during delivery, potentially causing birth injuries or

requiring specific maneuvers to resolve. National Institute for Health and Care Excellence.!*

Retained Placenta: Retained placenta occurs when part of the placenta remains in the uterus
after childbirth, which may lead to postpartum hemorrhage, infection, or other complications

if not managed appropriately. *°

Post-partum Hemorrhage: Postpartum hemorrhage refers to excessive bleeding after
delivery, typically defined as blood loss greater than 500 mL after a vaginal birth or 1000 mL

after a cesarean section, and is a leading cause of maternal morbidity and mortality. '*°

Sepsis: Sepsis in the postpartum period is a severe infection that can rapidly progress to life-
threatening organ failure and requires immediate medical attention and treatment to prevent

maternal morbidity and mortality. *°
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RESULTS

The present study was conducted among 450 pregnant women, at Two Primary Health
Centers (PHCs) — Kinaye and Vantamuri and Two Urban PHCs — Ashok Nagar and Rukmini
Nagar, Belagavi Taluka, Belagavi catering to an overall population of nearly 227,562 which
are the field practice areas of the Department of Community Medicine, Jawaharlal Nehru

Medical College, Belagavi between 1% April 2023 to 31% January 2025.

Most of the population can fluently speak and understand Kannada and Marathi
languages. In rural area, majority were involved in agriculture and related activities whereas in
urban predominantly were self-employed, working in small and medium scale industries for
their living. The Accredited Social Health Activists (ASHA), Anganwadi Workers, Health
Assistants, Health workers, Private Practitioners and Medical Officer of PHCs provided

necessary health.

The data obtained was tabulated and analyzed under following headings as below:

Section I: Profile of study participants

Part A : Socio-demographic profile

Part B : Family History and Medical History

Part C : Current Obstetric profile of study participants

Part D : Past Obstetric History of study participants

Part E : Anthropometry

Part F : Intranatal and Postnatal Findings
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Section II : Prevalence of Gestational Diabetes Mellitus
Section III : Fasting Blood Sugar as predictor of GDM
Section IV : Risk factors and its association with GDM status

Section V : Association of GDM with Socio-demographic Factors
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Section I : PROFILE OF STUDY PARTICIPANTS

Part A: Sociodemographic Profile

Table 1: Age wise distribution of the study participants (n=450)

Age (Years) Frequency (n) | Percentage (%)
18-20 83 18.4
20-24 192 42.7
25-29 120 26.7

>30 55 12.2
Total 450 100

In our study, 83 (18.4%) participants were aged 18-20 years, 192 (42.7%) were between 20—

24 years, 120 (26.7%) were between 25-29 years, and 55 (12.2%) were aged 30 years or older.

Mean Age of the study participants was 24.3 and with standard deviation 4.31

Graph 1: Age wise distribution of the study
participants
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Table 2: Distribution of the study participants according to their Religion (n=450)

Religion Frequency (n) | Percentage (%)
Hindu 210 46.7
Islam 225 50
Christian 2 0.4
Sikh 12 2.7
Others 1 0.2
Total 450 100

In our study, the majority of participants were Muslims 225 (50%), followed by Hindus 210
(46.7%). Sikhs accounted for 12 (2.7%), while Christians and others constituted 02 (0.4%) and

01 (0.2%) participant, respectively.

Graph 2:Distribution of study participants according
to Religion
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Table 3: Distribution of the study participants according to their education status
(n=450)

Education Frequency (n) Percentage (%)
No formal education 7 1.6
Primary 63 14.0
Secondary 266 59.1
College 83 18.4
Post Graduate 31 6.9
Total 450 100

Most participants in our study had completed secondary education 266 (59.1%), while 83
(18.4%) had attended college and 63 (14%) had only primary education. A smaller group
pursued postgraduate studies (6.9%), and a few (1.6%) had no formal education.

Graph 3: Distribution of study participants according to
their education status
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Table 4: Distribution of the study participants according to their main work status

(n=450)

Occupation Frequency (n) Percentage (%)
Home maker 348 77.3
Govt. Employee 8 1.8
Non-govt employee 24 53
Self-employee 48 10.7
Agriculture 22 4.9
Total 450 100

In our study, the majority of participants were homemakers 348 (77.3%), while 48 (10.7%)

were self-employed. Non-government employees accounted for 24 (5.3%), agricultural

workers made up 22(4.9%) , and only 8 (1.8%) were government employees.

Graph 4 : Distribution of Study participants according

to their main work status

= Home maker

Govt. Employee

= Non-govt employee

= Self-employee

= Agriculture

Page 79



Results

Table S: Distribution of study participants according to socio economic status

(Acc. to modified B.G. Prasad classification, 2024) (n= 450)

Socio-economic Status Frequency (n) Percentage (%)
Class I 52 11.6
Class 11 273 60.7
Class II1 117 26.0
Class IV 8 1.8
Total 450 100

In this study, most participants 273 (60.7%) were from Class II socio-economic status, while
117(26%) belonged to Class III. A smaller group 52 (11.6%) fell into Class I, and only a few

8 (1.8%) were in Class IV, based on the modified B.G. Prasad classification (2024).

Graph 5: Distribution of Study participants according
to socio economic status
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Part B : Family History and Medical History

Table 6 (a): Distribution of study participants according to family history of Diabetes
Mellitus (n=450)

Family history of Frequency Percentage (%)
Diabetes Mellitus (m)
Yes 88 19.6
No 362 80.4
Total 450 100

In this study, 88 (19.6%) of participants reported a family history of diabetes mellitus, while

the majority 362 (80.4%) had no such history.

Table 6 (b): Distribution of study participants according to family history of Diabetes
Mellitus (n=88)

If Yes, Specify Frequency (n) Percentage (%)
Mother 34 38.6
Father 37 42.0

Both Parents 8 9.09
Siblings 9 10.2

Total 88 100
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In this study, Among the 88 participants with a family history of diabetes, 37 (42.0%) reported
an affected father, 34 (38.6%) had an affected mother, 8 (9.09%) had both parents affected,

and 9 (10.2%) had diabetic siblings. A paternal history of diabetes was the most commonly

reported.

Graph 6: Distribution of study participants
according to family history of Diabetes Mellitus
(n=88)
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Table 7 (a): Distribution of study

participants according to family history of
Hypertension (n=450)

Family history of Frequency (n) Percentage (%)
Hypertension
Yes 137 30.4
No 313 69.6
Total 450 100

In this study, 137 (30.4%) of participants had a family history of hypertension, while the
majority 313 (69.6%) did not
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Table 7 (b): Distribution of study participants according to family history of
Hypertension (n=137)

If Yes, Specify Frequency (n) Percentage (%)
Mother 42 30.6
Father 74 54.0

Both Parents 16 11
Siblings 5 3.6
Total 137 100

Among those with a family history, 74 (54%) had a hypertensive father, 42 (30.6%) had a
hypertensive mother, 16 (11%) reported both parents being affected, and 5 (3.6%) had siblings

with hypertension.

Graph 7: Distribution of study participants
according to family history of Hypertension
(n=137)
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Table 8: Distribution of study participants according to their current medical condition

prior to pregnancy (n=19)

Current medical conditions Frequency (n) Percentage (%)
Hypertension 7 36.8
Cardiac Problems 0 0
Thyroid disease 9 47.3
Tuberculosis 0 0
COVID-19 1 5.2
Psychiatric illness (Anxiety / 2 10.5
Depression)
Total 19 100

In this study, 19 of them had some medical conditions prior to the current pregnancy. Among

them, 9 (47.3%) had thyroid disease, followed by 7 (36.8%) with hypertension. Psychiatric

illness (anxiety/depression) was reported by 2 (10.5%), while 1 (5.2%) had a history of

COVID-19. No participants reported cardiac problems or tuberculosis. Thyroid disease was the

most common pre-existing condition.
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Part C : Current Obstetric profile of study participants (n=450)

Table 9: Distribution of study participants according to their gravida status (n=450)

Gravida Frequency (n) Percentage (%)
1 200 444
2 146 324
3 69 15.3
4 24 53
=5 11 24
Total 450 100

In this study, among the 450 participants, 200 (44.4%) were primigravida, followed by 146

(32.4%) who were gravida 2, 69 (15.3%) gravida 3, 24 (5.3%) gravida 4, and 11 (2.4%) who

were gravida 5 or more.

Graph 8: Distribution of Study participants according to their
Gravida status
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Table 10: Distribution of study participants according to their Hemoglobin Status
(n=450)

Hemoglobin values Frequency (n) Percentage (%)
(g/dl)
<7 1 0.2
7-9.9 81 18.0
10-10.9 135 30.0
>11 233 51.8
Total 450 100

In this study, among the 450 participants, 233 (51.8%) had hemoglobin levels >11 g/dL,
indicating normal hemoglobin status. 135 (30.0%) had hemoglobin levels between 10—10.9
g/dL, while 81 (18.0%) had levels between 7-9.9 g/dL, suggesting mild to moderate anemia.

Only 1 (0.2%) participant had hemoglobin levels <7 g/dL, indicating severe anemia.

Graph 9: Distribution of Study participants according
to Haemoglobin status (g/dl)
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In this study, all 450 participants tested negative for HIV. For Hepatitis B (HBsAg), nearly
everyone (99.8%) had a negative result, with just one participant (0.2%) testing positive for

HBsAg.
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Table 11: Distribution of study participants according to their Blood group category

(n=450)

Blood group Frequency (n) Percentage (%)
A Positive 99 22
A Negative 11 24
B Positive 128 28.4
B Negative 9 2

AB Positive 43 9.6

AB Negative 4 0.9
O Positive 154 34.2
O Negative 2 0.4

Total 450 100

In our study, the most common blood group among participants was O Positive 154 (34.2%),
followed by B Positive 128 (28.4%) and A Positive 99 (22%). AB Positive was found in
22(9.6%) of participants, while the negative blood groups were less common, with A Negative
11 (2.4%), B Negative 9 (2%), AB Negative 4 (0.9%), and O Negative 2 (0.4%) making up a

smaller proportion.

Graph 10 : Distribution of Study participants according to
their blood group category
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Table 12: Distribution of study participants according to their Urine protein status
(n=450)

Urine protein Frequency (n) Percentage (%)
Present 6 1.3
Absent 444 98.7

Total 450 100

In this study, urine protein was present in 6 (1.3%) of participants, while the vast majority 444
(98.7%) had no detectable protein in their urine, indicating normal kidney function in most

cases

Table 13: Distribution of study participants according to their Urine sugar status (n=450)

Urine sugar Frequency (n) Percentage (%)
Present 1 0.2
Absent 449 99.8

Total 450 100

In this study, only 1 (0.2%) of participant had detectable urine sugar, while 449(99.8%) showed

no presence of sugar in their urine.

Table 14: Distribution of study participants according to their TSH values (n=450)

TSH Frequency (n) Percentage (%)
<25 299 66.4
25-5.0 115 25.6
>5.0 26 5.8
Test not done 10 2.2
Total 450 100




Results

In the present study, thyroid function tests were conducted for the majority of participants 440
(97.8%), while a small proportion 10 (2.2%) did not undergo testing. Among those tested, 299
(66.4%) had TSH levels below 2.5 mIU/L, 115 (25.6%) had levels ranging between 2.5 and

5.0 mIU/L, and 26 (5.8%) had TSH levels exceeding 5.0 mIU/L.

Graph 11: Distribution of Study participants according to
TSH values
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Part D : Past Obstetric History of study participants (n=250)

Table 15: Distribution of study participants according to their History of Diabetes
Mellitus in Past pregnancy (n=250)

History of Diabetes Frequency (n) Percentage (%)
Mellitus in Past
pregnancy
Yes 3 1.2
No 247 98.8
Total 250 100

Among the participants, the vast majority 247 (98.8%) had no prior history of diabetes mellitus
during pregnancy, while a small fraction 3 (1.2%) had experienced it in an earlier/past
pregnancy. Among those with a history of GDM, 2 (0.8%) received medical nutrition therapy
(MNT), 1 (0.4%) received a combination of treatments, and 247 (98.8%) did not require any
treatment.

Table 16: Distribution of study participants according to their History of Gestational
Hypertension/ Pre-eclampsia in Past pregnancy (n=250)

History of Gestational Frequency (n) Percentage (%)
Hypertension/ Pre-eclampsia in

Past pregnancy

Yes 9 3.6
No 241 96.4
Total 250 100

In the present study, 9 (3.6%) participants had a history of gestational hypertension or pre-

eclampsia in a previous pregnancy, while 241 (96.4%) did not report any such history.
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Table 17: Distribution of study participants according to their Previous LSCS (n=250)

Previous LSCS Frequency (n) Percentage (%)
Yes 68 27.2
No 182 72.8
Total 250 100

In the present study, 68 (27.2%) participants had a history of a lower segment cesarean section

(LSCS) in a previous pregnancy, while 182 (72.8%) had not undergone LSCS.

Table 18: Distribution of study participants according to their History of Neonatal death/
Still Birth (n=250)

History of Neonatal Frequency (n) Percentage (%)
death/ Still Birth
Yes 39 15.6
No 211 84.4
Total 250 100

In the present study, 39 participants (15.6%) had a history of neonatal death or stillbirth,
whereas the majority, 211 participants (84.4%), had no such adverse obstetric outcomes in the

past.
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Table 19: Distribution of study participants according to their history of previous difficult

labour (n=250)

History of previous Frequency (n) Percentage (%)
difficult labour
Yes 22 8.8
No 228 91.2
Total 250 100

In the present study, 22 participants (8.8%) reported a history of previous difficult labor, while

228 participants (91.2%) had no such past history.

Table 20: Distribution of study participants according to their History of Bad obstetric

history (n=250)

History of Bad Frequency (n) Percentage (%)
obstetric history
Yes 59 23.6
No 191 76.4
Total 250 100

In the present study, 59 participants (23.6%) had a history of bad obstetric outcomes, while the

majority, 191 participants (76.4%), did not report any such history. Among these, only 1

participant (0.4%) had a history of Rh incompatibility, while the majority, 249 participants

(99.6%), did not report any history of Rh incompatibility and none of the participants had a

history of delivering a baby weighing > 4.5 kg.
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History of Anxiety / Frequency (n) Percentage (%)
Depression
Yes 4 1.6
No 246 98.4
Total 250 100

246 participants (98.4%), had no such past history.

Results

Table 21: Distribution of study participants according to their History of Anxiety /
Depression (n=250)

In this study, 4 participants (1.6%) had a history of anxiety or depression, while the majority,
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Part E : Anthropometry

Table 22: Distribution of study participants according to their Pregnancy Weight Gain
(n=450)

Pregnancy Weight Frequency (n) Percentage (%)
Gain (Kg)
<7 57 12.7
7-9 236 52.4
9-11 115 25.6
>11 42 9.3
Total 450 100

In our study, pregnancy weight gain was less than 7 Kg in 12.7 (12.7%) of participants, while
the majority 236 (52.4%) gained between 7-9 Kg. About 115 (25.6%) had a weight gain of 9—

11 kg, and 42 (9.3%) gained more than 11 kg. Mean Weight Gain in the current pregnancy was

8.12 Kg and with standard deviation 1.81 Kg.

Graph 12: Distribution of Study participants according to
their Pregnancy weight gain (Kg)
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Table 23: Distribution of study participants according to their BMI status (n=450)

BMI (kg/m?) Frequency (n) Percentage (%)
<18.49 84 18.7
18.5-22.9 189 42.0
23-24.9 73 16.2
>25 104 23.1
Total 450 100

In our study, 84 participants (18.7%) had a BMI below 18.49, while 189 (42%) fell within the
normal range of 18.5-22.9. A total of 73 (16.2%) participants had a BMI between 23-24.9, and

104 (23.1%) participants had a BMI greater than 25.

Graph 13: Distribution of Study participants according to their
BMI status (Kg/m?)
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Part F : Intranatal and Postnatal Findings:

Table 24: Distribution of study participants according to Gestational Age at the time of

delivery (n=444)

Gestational age at delivery Frequency (n) Percentage (%)
28 — 33 weeks 6 days 03 0.66
34 — 36 weeks 6 days 18 4.05
37 — 41 weeks 6 days 418 94.14
>42 weeks 5 1.12
Total 444 100

In our study, 03 (0.66%) participants delivered early preterm (i.e., 28 - 33 weeks 6 days of
gestation, while 18 (4.05%) participants had preterm deliveries between 34 and 36 weeks 6
days. The majority of participants, 418 (94.14%), delivered between 37 and 41 weeks 6 days,
indicating that most pregnancies reached full-term gestation. A small proportion i.e. 5 (1.12%)

participants, had post-term deliveries at or beyond 42 weeks.

Graph 14 : Distribution of Study participants

according to gestational age at the time of delivery
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Section II : Prevalence of Gestational Diabetes Mellitus

Table 25: Prevalence of GDM as per Oral Glucose Tolerance Test (OGTT) in 1%

Trimester(T1) (n=450)

OGTT (T1) md/dl Frequency (n) Percentage (%)
>140 72 16
<140 378 84
Total 450 100

In the present study, the prevalence of Gestational Diabetes Mellitus in the first trimester, as
determined by the OGTT, was 16.0% (72 out of 450 participants). The majority, 84.0% (378

participants), had normal OGTT results.

Table 26: Prevalence of GDM as per Fasting Blood Sugar (FBS) values in 1% Trimester

(T1) (n=450)

FBS (mg/dl) Frequency (n) Percentage (%)
<92 379 84.2
>92 71 15.8
Total 450 100

In the present study, the prevalence of GDM based on FBS values in the first trimester was
15.8% (71 out of 450 participants) with FBS levels > 92 mg/dL. The majority, 84.2% (379

participants), had FBS levels below 92 mg/dL, indicating normal glucose levels.
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Trimester (T2) (n=379)

OGTT (T2) mg/dl Frequency (n) Percentage (%)
>140 24 6.3
<140 354 93.7
Total 379 100

Results

Table 27: Prevalence of GDM as per Oral Glucose Tolerance Test (OGTT) in 2™

In the second trimester, the prevalence of GDM based on the OGTT was 6.3% (24 out of 379
participants). The majority, 93.7% (354 participants), had normal glucose tolerance, indicating
a lower incidence of newly diagnosed GDM cases in the second trimester compared to the first

trimester.
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Section 111 : Fasting Blood Sugar as predictor of GDM

Table 28: Sensitivity, Specificity and Youden’s Index for FBS In predicting GDM status

FBS Values Sensitivity Specificity Youden’s Index
50 100 0 0
51 100 0.79 0.79
52 100 1.85 1.85
53 100 4.23 4.23
54 100 4.50 4.50
55 100 4.76 4.76
56 100 5.29 5.29
57 100 5.82 5.82
58 100 6.61 6.61
59 100 8.99 8.99
60 100 9.79 9.79
61 100 20.90 20.90
62 100 23.02 23.02
63 100 31.22 31.22
64 100 33.07 33.07
65 100 33.33 33.33
66 100 34.39 34.39
67 100 36.24 36.24
68 100 38.89 38.89
69 100 43.65 43.65
70 100 44.71 44.71
71 97.22 49.74 46.96
72 97.22 51.85 49.07
73 97.22 55.29 52.51
74 97.22 57.14 54.37
75 97.22 58.20 55.42
76 97.22 59.26 56.48
77 97.22 61.90 59.13
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78 97.22 63.76 60.98
79 97.22 66.93 64.15
80 97.22 69.05 66.27
81 97.22 72.22 69.44
82 97.22 74.60 71.83
83 97.22 79.10 76.32
84 97.22 79.89 77.12
85 97.22 81.22 78.44
86 97.22 82.80 80.03
87 91.67 83.86 75.53
88 86.11 84.66 70.77
89 84.72 87.04 71.76
90 77.78 88.36 66.14
91 66.67 92.59 59.26
92 63.89 93.65 57.54
93 63.89 96.30 60.19
95 55.56 96.83 52.38
96 52.78 97.62 50.40
97 43.06 98.68 41.73
98 37.50 98.68 36.18
929 30.56 98.94 29.50
100 25.00 98.94 23.94
101 19.44 98.94 18.39
102 19.44 99.47 18.92
104 12.50 99.74 12.24
106 11.11 100.00 11.11
107 9.72 100.00 9.72
108 6.94 100.00 6.94
110 5.56 100.00 5.56
112 4.17 100.00 4.17
122 2.78 100.00 2.78
126 1.39 100.00 1.39

Optimal

Index

Youden’s
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Graph 15: Receiver operating Characteristic Curve for FBS predicting GDM based on
OGTT in the 1% Trimester pregnant women

Graph 15: ROC Curve for Fasting Blood Sugar predicting GDM based on
OGTT in the first trimester

AUC =0.936, p<0.001***
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The diagnostic ability of FBS to predict GDM status in first-trimester pregnant women was
evaluated using sensitivity, specificity, and Youden’s Index. The results indicate that an
optimal FBS cut-off value of 86 mg/dL provides a Youden’s Index of 80.03, with a high
sensitivity of 97.22% and specificity of 82.80%. The Youden’s Index, calculated as
(Sensitivity + Specificity - 1), is a widely used measure for assessing the effectiveness of a
diagnostic test. The highest Youden’s Index observed in this study suggests that 86 mg/dL,
which is 6 units lower than the high-risk threshold of 92 mg/dL, suggests that a lower cutoff

may improve early detection of GDM while maintaining strong diagnostic performance.
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Table 29: Diagnostic Performance of Fasting Blood Sugar in Detecting GDM Using

OGTT in the 15 Trimester as the Reference Standard

OGTT 1%
FBS >140 mg/dl | % <140mg/dl | % Total
>92 mg/dl 46 (TP) 64.80% | 25 (FP) 35.20% |71
<92 mg/d 26 (FN) 6.90% 353 (TN) 93.10% | 379
Total 72 16.00% | 378 84.00% | 450

The diagnostic accuracy of FBS in detecting GDM using the OGTT as the reference was
assessed as above. Among 450 participants, 72 (16.0%) had GDM as per the OGTT which is
currently the gold standard. FBS correctly identified 46 cases (TP) but missed 26 (FN), while

353 (TN) were correctly classified as without GDM, with 25 false positives (FP).

The sensitivity of FBS for detecting GDM was found to be 63.9%, while the specificity was
93.3%. The positive predictive value (PPV) and negative predictive value (NPV) were 64.8%

and 93.1%, respectively.

The positive likelihood ratio (LR*) was 9.55, indicating a strong ability of FBS to confirm
GDM when positive.The negative likelihood ratio (LR") was 0.387, suggesting limited

effectiveness in ruling out GDM when negative.
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Graph 16 : Correlation between FBS and OGTT in 1° trimester pregnant women

OGTT

Graph 16: Correlation between FBS and OGTT IN 15T Trimester pregnant women
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After excluding one of the extreme values of OGTT of 370, the correlation between FBS and

OGTT for 449 patients was ‘r’ = 0.68 and the above graph was plotted.

A correlation coefficient of 0.68 indicates a moderate to strong positive correlation between

FBS and OGTT values. This suggests that higher FBS values are generally associated with

higher OGTT values. However, the correlation is not perfect, implying that while FBS can

serve as an early indicator of glucose intolerance, OGTT remains essential for definitive

diagnosis.
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Section IV : Risk factors and its association with GDM status

Table 30: Association of Age and GDM status (n = 450)

Age GDM (m, | Non-GDM (n, | Total
(Years) %) %)

18-20 9(10.8) 74 (89.2) 83
20-24 23 (12.0) 169 (88.0) 192
25-29 23 (19.2) 97 (80.8) 120
>30 17 (30.9) 38 (69.1) 55
Total 72 (16.0) 378 (84.0) 450
X?=13.94 df=3 P=0.003*

The prevalence of GDM increased with age, from 10.8% in the 18-20 years group to 30.9%
in women aged 30 years and above. There is a significant association between maternal age
and the risk of GDM (p = 0.003). The highest risk was observed in older age groups,

highlighting the need for targeted screening and early intervention.

Linear Regression:

Table 31 : Linear Regression Between Age and OGTT Values

OGTT
B (95%C.L) p- value
AGE 1.20 (0.66 -1.75) <0.001%**
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Linear regression analysis was conducted to examine the relationship between Age and OGTT
values. Age was considered the independent variable, while OGTT was the dependent variable.
The model showed Adjusted R? value of 0.04, indicating the FBS explains approximately 4.0%
of the variance in OGTT values. This suggests low predictive relationship between Age and
OGTT. The beta coefficient for FBS was 1.20, suggesting that for every one unit increase in

age, OGTT on an average increase by 1.20 units.

Table 32: Linear Regression between Age and FBS values

FBS
g (95%ClL) p- value
AGE 0.79 (0.48 -1.10) <0.001***

Linear regression analysis was conducted to examine the relationship between FBS values. Age
was considered the independent variable, while FBS was the dependent variable. The model
showed Adjusted R? value of 0.04, indicating the Age explains approximately 5.0% of the
variance in FBS values. This suggests low predictive relationship between Age and FBS. The
beta coefficient for age was 0.79, suggesting that for every one unit increase in age, FBS on an

average increase by 0.79 units.
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Graph 17: Linear regression between Age and GDM status

Graph 17 : Linear regression between Age and GDM status
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The scatterplot illustrates the linear regression between age and GDM status, showing a weak
positive correlation (r = 0.261, p < 0.001). This indicates that as maternal age increases, the
likelihood of developing GDM also slightly rises. Despite the weak correlation, the statistically
significant (p < 0.001) suggests that maternal age plays a role in influencing GDM risk. This
highlights the importance of age as a potential factor in screening and early detection of GDM

in pregnant women.
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Table 33: Association of Weight Gain during Pregnancy and GDM status (n = 450)

Pregnancy Weight Gain | GDM (n, | Non-GDM (n, | Total

in kgs %) %)

<9 45 250 (84.7%) 295 (65.6%)
(15.3%)

9-11 20 116 (85.3%) 136 (30.2%)
(14.7%)

o 0
> 11 7 (36.8%) 12 (63.2%) 19 (4.2%)
X?=13.94 df=3 P=0.057 FT

The prevalence of GDM was 15.3% among women who gained less than 9 kg, 14.7% in those

who gained 9-11 kg, and 36.8% in those with weight gain exceeding 11 kg. While the highest

prevalence of GDM was observed in women with excessive weight gain, the association was

not statistically significant (p = 0.057).
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Graph 18 : Linear regression between Weight gain and GDM status

Graph 18 :Linear regression between Weight gain
and GDM status
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The scatter plot illustrates the linear regression between weight gain (in kilograms) and OGTT
values to assess the association between weight gain and GDM status. The correlation
coefficient (r = -0.009) suggests a negligible negative correlation between weight gain and
OGTT values. The p-value (p = 0.852) indicates that this association is not statistically

significant.
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Table 34: Association of Various Risk Factors with GDM status (n = 450)

Factors UOR (95% CI) | p-value | AOR (95% CI) | p-value
Maternal Age (years)
<25 (Ref) — — — _
>25 2.25(1.35-3.75) | 0.002** | 1.82(1.02-3.23) | 0.042*
Pregnancy Weight Gain (kg)
9 -11 (Ref) — — — _
<9 1.04 (0.59-1.85) | 0.882 1.09 (0.60-2.05) 0.783
>11 3.38 (1.20-9.63) | 0.022* | 4.27 (1.36-13.44) | 0.013*
Family History of Diabetes
No (Ref) — — — _
Yes 1.75 (0.98-3.13) | 0.057 1.41 (0.72-2.76) 0.315
Family History of Hypertension
No (Ref) — — — —
Yes 1.57 (0.93-2.65) | 0.091 1.60 (0.90-2.84) 0.112
Urine Protein
No (Ref) — — — _
Yes 11.06 (1.99— 0.006*%* | 9.0 (1.30-61.96) | 0.026*
61.57)
Smoking Tobacco Consumption
No (Ref) — — — _
Yes 2.65 (0.24- 0.429 — —
29.59)
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Non-Smoking Tobacco

Consumption

No (Ref)

Yes

2.50 (1.04-5.99)

0.04*

2.07 (0.74-5.80)

0.165

Alcohol Consumption

No (Ref)

Yes

0.87 (0.10-7.36)

0.901

Physical Activity

Moderate/Vigorous (Ref)

Sedentary

0.77 (0.46-1.30)

0.327

Leisure Time Physical Activity

No (Ref)

Yes

0.83 (0.49-1.39)

0.472

Fruit Consumption (times/week)

>4 (Ref)

<3

1.72 (1.04-2.85)

0.036*

1.52 (0.86-2.68)

0.148

Vegetable Consumption

No (Ref)

Yes

0.96 (0.45-2.05)

0.914

Legend:

. UOR = Unadjusted Odds Ratio
. AOR = Adjusted Odds Ratio

. CI = Confidence Interval

. p-value < 0.05 = Statistically significant™
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Women aged >25 years had 1.82 times higher odds of developing GDM compared to those
<25 years (AOR = 1.82, 95% CI: 1.02-3.23, p = 0.042), indicating that advanced maternal
age is a significant predictor of GDM.

Excessive pregnancy weight gain (>11 kg) was strongly associated with GDM, with an
adjusted odds ratio of 4.27 (95% CI: 1.36-13.44, p = 0.013), suggesting that higher weight
gain increases the risk.

Women with a family history of diabetes had 1.41 times higher odds of developing GDM
(AOR =1.41, 95% CI: 0.72-2.76, p = 0.315), though the association was not statistically
significant. Similarly, a family history of hypertension showed a potential link to GDM
(AOR =1.60, 95% CI: 0.90-2.86, p = 0.112), but not statistically significant.

The presence of protein in urine was a strong predictor, with 9.0 times higher odds of GDM
(AOR =9.0, 95% CI: 1.30-61.96, p = 0.026), highlighting its role as an important clinical
marker.

Non-smoking tobacco consumption was associated with increased GDM risk (AOR =2.07,
95% CI: 0.74-5.80, p = 0.165), but the adjusted analysis did not confirm statistical
significance.

Women consuming fruits <3 times per week had 1.52 times higher odds of GDM (AOR =
1.52, 95% CI: 0.86-2.68, p = 0.148).

Though association was not significant in the adjusted model. Other factors such as
smoking, alcohol consumption, physical activity, leisure-time physical activity, and

vegetable consumption did not show significant associations with GDM.
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Table 35: Distribution of Study Participants according to Type of delivery (n=450)

Type of delivery Frequency (n) | Percentage (%)
Vaginal (Without forceps/ Vacuum) | 316 70.2

Vaginal (With forceps/ Vacuum) 5 1.2

LSCS 123 27.3

Abortion 06 1.3

Total 450 100

In present study, the majority of participants 316 (70.2%) had a vaginal delivery without the

use of forceps or vacuum, while assisted vaginal deliveries accounted for only 5 (1.2%). Lower

segment cesarean section (LSCS) was performed in 123 (27.3%) participants of cases, and 6

(1.3%) participants of pregnancies resulted in abortion.

Table 36: Distribution of Study Participants according to gender of the baby delivered

(n=450)

Gender of the baby Frequency (n) Percentage (%)
Male 232 51.6

Female 212 47.1

Abortion 6 1.3

Total 450 100
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In present study, out of 450 study participants, 232 participants (51.6%) delivered male babies,
while 212 participants (47.1%) delivered female babies. Additionally, 6 participants (1.3%) of
cases resulted in abortion. The distribution shows a nearly equal proportion of male and female

births, with no significant difference in birth outcomes based on gender.

Table 37: Distribution of Study Participants according to Birth weight of the baby

(n=450)

Birth Weight (in grams) Frequency (n) Percentage
(%)

<1000 7 1.6

1000 - 1500 0 0

1500 - 2500 10 2.2

>2500 433 96.2

Total 450 100

Among the study participants, the highest proportion of newborns 433 (96.2%), had a birth
weight of >2500 grams, followed by 10 (2.2%) participants belong to 1500-2500 gram
category. A smaller proportion 7 (1.6%) of newborns weighed less than 1000 grams, while no

cases were observed in the 1000-1500 gram category.
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Table 38 : Distribution of Study Participants according to GDM QOutcomes

Table 38(a): Association of Study Participants According to Maternal Outcomes and

GDM Status

Maternal Outcome GDM GDM Total n | Chi-Square /| p-value
(Yes) n | (No) n | (%) Fisher’s Exact
(%) (%) Test

Decreased Fetal Movements | 28 39 67 40.24 <0.001***
(40.0%) (10.4%) (15.1%)

Hypertensive Disorders 9 (12.9%) | 20(5.3%) |29 0.031 *FET

(6.5%)

Polyhydramnios 34 6 (1.6%) |40 158.67 <0.0071***
(47.2%) (8.9%)

Antepartum Haemorrhage | 0 (0%) 2(0.5%) |2(0.4%) | --- 1.00 (FET)

Abnormal Lie 30 74 104 17.50 <0.001***
(41.7%) (19.6%) (23.1%)

Anemia 20 109 129 0.009 0.923
(27.8%) (28.8%) (28.7%)

Preterm Labor (<37 weeks) | 14 14 (3.7%) |28 - <0.001***
(19.4%) (6.2%)

Premature Rupture of | 5(6.9%) 16 (4.2%) |21 - 0.35 (FET)

Membranes 4.7%)

Abnormal Fetal Heart Rate | 16 21 (5.6%) | 37 22.95 <0.0071***
(22.2%) (8.2%)

Fever (>100.4°F / 38°C) 0 (0%) 1(0.3%) |1(0.2%) | --- 1.00 (FET)

Retained Placenta 0 (0%) 2 (0.5%) |2(0.4%) | --- 1.00 (FET)

Postpartum Haemorrhage 1 (1.4%) 2(0.5%) |3(0.7%) | --- 0.403 (FET)

Sepsis --- --- -—- --- ---

df-1

Abbreviations: FET — Fisher’s Exact Test, **p < 0.001, * p < 0.05
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Table 38(b): Association of Study Participants According to Neonatal Outcomes and
GDM Status

Neonatal GDM (Yes) | GDM (No) | Total n | Chi-Square / | p-value
Outcome n (%) n (%) (%) Fisher’s Exact
Test
Required 53 (73.6%) | 86 (22.8%) | 139 76.20 <0.001***
Ventilatory (30.9%)
Support
Required NICU | 22 (30.6%) | 30(7.9%) |52 31.24 <0.001***
Admission (11.6%)
Congenital 1 (1.4%) 1 (0.3%) 2 (0.4%) | --- 0.291
Anomalies (FET)
Shoulder Dystocia | --- - - - -
df-1
e Legend:

FET: Fisher's Exact Test

CQ: Chi-Square Test

p-value < 0.001**: Highly significant association.

NICU — Neonatal Intensive Care Unit

e A higher prevalence was observed in GDM pregnancies (40.0%) compared to non-

GDM (10.4%), indicating a significant association (p<0.001)

e A statistically significant association was found between GDM and hypertensive

disorders (p = 0.031). Hypertensive disorders were more common in GDM cases

(12.9%) compared to non-GDM cases (5.3%), suggesting that GDM increases the risk

of pregnancy-induced hypertension.
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Nearly half of GDM cases (47.2%) developed polyhydramnios versus only 1.6% of
non-GDM cases, demonstrating a significant association (p<0.001), indicating that
GDM is a major risk factor for excessive amniotic fluid accumulation.

No significant association was found between GDM and antepartum haemorrhage (p =
1.00). Antepartum haemorrhage was not reported in any GDM cases, and it was very
rare in non-GDM cases (0.5%).

The prevalence of Abnormal fetal lie - malpresentations was significantly higher in
GDM pregnancies (41.7% vs 19.6%, p<0.001)

The study found no significant difference in anemia rates between GDM (27.8%) and
non-GDM (28.8%) groups (p=0.923).

GDM was associated with a substantially higher incidence of preterm delivery (19.4%
vs 3.7%, p<0.001), indicating that GDM significantly increases the risk of preterm
delivery.

No statistically significant association was observed between GDM and PROM (6.9%
vs 4.2%, p=0.350).

Neonates of GDM mothers required significantly more ventilatory support (73.6% vs
22.8%, p<0.001), indicating greater respiratory compromise.

A nearly 4-fold higher NICU admission rate was observed in GDM offsprings (30.6%
vs 7.9%, p<0.001), reflecting increased neonatal morbidity.

No significant association was found between GDM and congenital anomalies (p =
0.291). The occurrence was minimal in both groups (1.4% in GDM and 0.3% in non-
GDM cases).

GDM pregnancies had 4 times higher rates of abnormal fetal heart rate patterns (22.2%
vs 5.6%, p<0.001), emphasizing the need for continuous fetal heart rate monitoring in

GDM pregnancies.
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e No association was found between GDM and maternal fever (p = 1.00), with negligible

occurrence in both groups. (0% in GDM and 0.3% in non-GDM cases).

e No cases of shoulder dystocia were reported in the study, making statistical analysis

impossible. However, given the well-established association between GDM and

macrosomia, clinical vigilance is still warranted.

e The incidence of Retained placenta was extremely low in both groups (0% in GDM vs.

0.5% in non-GDM, p=1.000), showing no association with GDM

e No significant association was observed between GDM and PPH (p = 0.403). PPH

occurred infrequently in both groups (1.4% in GDM and 0.5% in non-GDM cases).

e No cases were reported in either group, though GDM remains a theoretical risk factor

for infection-related complications.

Section V : Association of GDM with Socio-demographic Factors

Table 39: Association of Religion with GDM status (n = 450)

Religion | GDM (n, | Non-GDM (n, | Total

%) %)
Hindu 44 (21.0%) | 166 (79.0%) 210 (46.7%)
Islam 28 (12.4%) | 197 (87.6%) 225 (50.0%)
Christian | 0 (0.0%) 2 (100.0%) 2 (0.4%)
Sikh 0 (0.0%) 12 (100.0%) 12 (2.7%)
Others 0 (0.0%) 1 (100.0%) 1 (0.2%)
Total 72 (16.0%) | 378 (84.0%) 450 (100%)
X*=8.28, df=4  P-Value=0.076 MC
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Among the study participants, the highest proportion of GDM cases was observed in Hindu
women 44 (21.0%), followed by Muslim women 28 (12.4%). No cases of GDM were reported
among Christian, Sikh, or other religious groups. The association between religion and GDM
was not statistically significant (p = 0.076), indicating that religion may not be a major

determinant.

Table 40: Association of Education with GDM status (n = 450)

Education Level GDM (n, %) | Non-GDM (n, %) | Total
No formal education | 2 (28.6) 5(71.4) 7
Primary 13 (20.6) 50 (79.4) 63
Secondary 30 (11.3) 236 (88.7) 266
College 17 (20.5) 66 (79.5) 83
Post Graduate 10 (32.3) 21 (67.7) 31
Total 72 (16.0%) 378 (84.0%) 450
(100%)
df=4, P-Value = 0.006** FT

The association between education level and GDM status was found to be statistically
significant (p = 0.006). The highest proportion of GDM cases was observed among women
with postgraduate education 10 (32.3%) and those with no formal education (28.6%). Women

with secondary education had the lowest prevalence of GDM 30 (11.3%)).
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Table 41: Association of Occupation with GDM status (n = 450)

Occupation GDM (n, %) Non-GDM
%)
Home maker 51 (14.7) 297 (85.3)
Govt. Employee 2 (25.0) 6 (75.0)
Non-govt employee 5 (20.8) 19 (79.2)
Self-employee 5(10.4) 43 (89.6)
Agriculture 9 (40.9) 13 (59.1)
Total 72 (16.0%) 378 (84.0%)
df =4, P-Value = 0.018** FT

Total

348

450 (100%)

Results

The prevalence of GDM was highest among women engaged in agriculture (40.9%) and lowest

among self-employed women (10.4%). Homemakers, who constituted the majority of

participants, had a GDM prevalence of 14.7%. The association between occupation and GDM

status was statistically significant (p = 0.018).

Table 42: Association
status (n = 450)

of Socioeconomic Status (BG Prasad Classification) with GDM

SES GDM (n, %) Non-GDM (n, %) Total
SES 1 6 (11.5) 46 (88.5) 52

SES 11 42 (15.4) 231 (84.6) 273
SESIII | 23 (19.7) 94 (80.3) 117

SES IV 1(12.5) 7 (87.5) 8

Total 72 (16.0%) 378 (84.0%) 8 (1.8%)
df =3, P-Value = 0.57** FT
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The association between socioeconomic status (SES) and GDM was not statistically significant
(p = 0.57). The prevalence of GDM was highest in SES III (19.7%), followed by SES II
(15.4%). In SES I and SES IV, the prevalence was lower at 11.5% and 12.5%, respectively.
These findings suggest that while GDM occurrence varies across socioeconomic groups, no

clear trend or significant association was observed in this study.

Table 43: Association of Family History of Diabetes Mellitus with GDM status (n = 450)

Family GDM (n, | Non-GDM (n, | Total

History %) %)

Yes 20 (22.7) | 68(77.3) 88

No 52 (14.4) | 310(85.6) 362

Total 72 378 (84.0%) 450 (100%)
(16.0%)

X% =3.684, df=1 P-Value=0.055 CQ

A family history of diabetes was linked to a higher prevalence of GDM (22.7% vs. 14.4%), but
this association was not statistically significant (p =0.055). While women with a family history

had a greater risk, the findings suggest that other factors may also play a role in developing

GDM.
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DISCUSSION

The present community-based longitudinal study was conducted to estimate the
prevalence of Gestational Diabetes Mellitus (GDM) among pregnant women in their first-
trimester residing across four primary health centers, which are under the administrative control
of Jawaharlal Nehru Medical College (JNMC), Belagavi, Karnataka, India, covering both rural

and urban settings and to assess their outcomes one-week post-partum.

. Primary Health Centre (PHC), Kinaye,
. Primary Health Centre (PHC), Vantamuri,
. Urban Primary Health Centre (UHC), Rukmini Nagar, and

. Urban Primary Health Centre (UHC), Ashok Nagar.
During the period 1% April 2023 to 31%* January 2025.
Section I: Profile of study participants

Part A: Socio-demographic profile

In our study, a significant proportion of participants (42.7%) were aged between 2024 years,
followed by 26.7% in the 25-29 age group, 18.4% in the 18-20 age group, and 12.2% who
were 30 years or older. The mean age of the participants was 24.3 + 4.31 years. Similarly, a
study conducted at a tertiary care hospital in Haryana reported that the majority of participants
(58.2%) were aged 21-25 years,”? while another study from Varanasi district, Uttar Pradesh,
found a mean participant age of 24.39 = 3.17 years.!*! Comparatively, in a study by Ennazhiyil
et al, conducted in Palakkad, Kerala majority were 21-30 years (72.1%), with only 10.8%

under 20 years.!?? (Table 1)
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In our study, the majority of participants were Muslims, 225 (50.0%), followed by Hindus, 210
(46.7%). Sikhs accounted for 12 (2.7%), while Christians and others constituted 2 (0.4%) and
1 (0.2%) participant, respectively. Similarly, in a study by Ennazhiyil et al, Hindus were
(57.66%), followed by Muslims (38.74%) and Christians (3.6%).!%* In contrast, a study
conducted in Varanasi district, Uttar Pradesh, reported a higher proportion of Hindus, 91.9%,

compared to Muslims, 8.1%.!?! (Table 2)

Our study found that most participants had completed secondary education (59.1%), followed
by college (18.4%) and primary education (14%), with smaller proportions having postgraduate
(6.9%) or no formal education (1.6%). In comparison, Jaiswal et al. reported 31.24% with
secondary education, 27.6% with higher secondary, 8.76% with primary, and 10.74% with no

formal education!?! (Table 3).

In our study, the majority of participants were homemakers (77.3%), whereas Muche’s study,
a larger proportion was unemployed (60.4%).! Employment rates were relatively similar

between the two studies, with 39.6% employed in Muche’s study,'*

while in our study, only
10.7% were self-employed, and smaller proportions were in non-government (5.3%) and

government jobs (1.8%). (Table 4)

Our study found that the majority of participants belonged to Class II socio-economic status
(60.7%), followed by Class III (26%), while a smaller proportion were in Class I (11.6%) and
Class IV (1.8%), based on the modified B.G. Prasad classification (2024). In comparison,
Jaiswal et al. also used the modified B.G. Prasad scale and reported that most pregnant women
were from the lower middle class (44.3%), middle class (27.6%), upper class (3.47%).'?! (Table

S)
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Part B: Family History and Medical History

Our study found that 19.6% of participants had a family history of diabetes mellitus, with the
most commonly affected relative being the father (42%), followed by the mother (38.6%), both
parents (9.09%), and siblings (10.2%). In comparison, Monod et al. in 2023 reported that 26.6%
of pregnant women had a family history of T2DM and first-degree relatives was associated
with a significantly increased risk of GDM (OR 1.91, 95% CI 1.16-3.16), with the highest risk
observed when both parents were affected (OR 4.69, 95% CI 1.33-16.55, p = 0.009).'%* In a
study by Ennazhiyil et al 42.35% had a family history of diabetes, with 19.8% maternal,

11.71% paternal, and 10.81% both parents.'?*> (Table 6 a & b).

In our study, 30.4% of participants had a family history of hypertension, with paternal
hypertension being the most commonly reported (54.0%), followed by maternal (30.6%), both
parents (11.0%), and siblings (3.6%). This aligns with Kek et al.'s findings, which
demonstrated that women with both GDM and pregnancy-induced hypertension had an 8-fold

increased risk of postpartum hypertension (HR = 8.02, p < 0.05).!% (Table 7 a & b).
Current medical conditions

In our study, 19 participants had pre-existing medical conditions before the current pregnancy,
with thyroid disease (47.3%) and hypertension (36.8%) being the most common. This contrasts
with Fong et al., who reported a lower prevalence of thyroid dysfunction in GDM (2.39%) and
a higher prevalence of chronic hypertension in pre-GDM cases (8.03%) (AOR = 3.33, p <
0.001).!%¢  Additionally, 10.5% of our participants reported psychiatric illness
(anxiety/depression), aligning with Thiele et al. (2023), who found a 15% increased risk of
GDM in women with antenatal anxiety/depression (AOR = 1.15, 95% CI: 1.11-1.19).!>” One
participant (5.2%) had a history of COVID-19, which may be relevant for future research on

its impact on GDM and pregnancy outcomes. (Table 8).

Page 123



Discussion

Part C: Current Obstetric profile of study participants

In our study, 44.4% of participants were primigravida, followed by 32.4% gravida 2, 15.3%
gravida 3, 5.3% gravida 4, and 2.4% gravida 5 or more. The Hillier study reported a different
distribution, with 41.1% of women being nulliparous, 31.1% with one previous pregnancy,
16.5% with two, and 11.1% with three or more pregnancies (p < 0.0001).3% While both studies
observed that a substantial proportion of women were in their first or second pregnancy, the
Belagavi study had a higher proportion of primigravida women (44.4%) compared to 30.7% in
the Hillier study.®”-*® While the Lewandowska et al study identified multiparity as a protective

factor against GDM (AOR = 0.57, p = 0.007) (Table 9).!%

Our study found a higher prevalence of anemia (48.2%) compared to Muche et al.'s study,
where only 12.9% of participants were classified as anemic.'?® While our study categorized
anemia into mild (30%) and moderate (18%) cases, Muche et al. reported a significantly lower
mean hemoglobin level in the GDM group (12.333 + 1.7834 g/dL) than in the non-GDM group

(12.735 + 1.7455 g/dL) (p = 0.024).!3 (Table 10).

In our study, the most common blood groups among participants were O+ (34.2%), followed
by B+ (28.4%) and A+ (22%). Similarly, in the study by Ennazhiyil et al., the most prevalent

blood groups were O+ (37.83%), followed by A+ (27.02%) and B+ (27.02%).'2? (Table 11).

Our study found a very low prevalence of glycosuria (0.2%) and proteinuria (1.3%), with no
significant associations between these markers and maternal complications during pregnancy.
In contrast, Hosoya et al. reported a strong association between gestational glycosuria and
future diabetes mellitus (aOR = 3.62, 95% CI: 1.21-10.9), as well as proteinuria and later

kidney disease (aOR = 4.07, 95% CI: 1.29-12.9).1%° (Table 12 & 13)
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In the present study, thyroid function tests were conducted for the majority of participants 440
(97.8%), while a small proportion 10 (2.2%) did not undergo testing. Among those tested, 299
(66.4%) had TSH levels below 2.5 mIU/L, 115 (25.6%) had levels ranging between 2.5 and
5.0 mIU/L, and 26 (5.8%) had TSH levels exceeding 5.0 mIU/L. Thyroid dysfunction was

noted in 10.3% of GDM cases in Mirzamoradi et al study'*’ (p = .088). (Table 14).

Part D: Past Obstetric History of study participants

In our study, the prevalence of prior GDM was low, with only 1.2% of participants reporting a
history of GDM in a previous pregnancy. Among them, 0.8% were managed solely with
medical nutrition therapy (MNT), while only 0.4% required a combination of treatments,
including insulin. In contrast, the Hillier study reported a significantly higher proportion of
GDM cases requiring insulin, particularly among those diagnosed in early pregnancy.®® Among
women diagnosed with GDM, 58.6% of those identified in the first trimester required insulin

therapy, compared to only 24.8% of those diagnosed later (p < 0.0001).%% (Table 15).

Our study found that 3.6% of participants had a history of gestational hypertension or pre-
eclampsia in a previous pregnancy, while the majority (96.4%) did not report such a history.
In comparison, Swaminathan et al. observed a higher prevalence of hypertension (6.3%) among
women with GDM, with an increased but non-significant adjusted odds ratio (AOR = 1.7, 95%
CI: 0.9-2.5),!*! Mirzamoradi et al. reported in 5.7% of women with history of hypertension
with negative GTT results and 6.8% of those with positive GTT results. (P - 0.635)!% (Table

16).

In our study, 27.2% of participants (68 out of 250) had a history of lower segment cesarean

section (LSCS), while 72.8% (182 participants) had not undergone LSCS. Similarly, Bahl et al
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reported C-section rates of 34.7% in GDM cases compared to 29.5% in non-GDM cases, but
after adjusting for confounders, this association was not statistically significant (AOR 1.05,
95% CI 0.87-1.26).8° The Women and Infants Integrated Growth Study (WINGS) also found
a slightly higher likelihood of C-sections among women with GDM (34.7%) than in non-GDM
pregnancies (29.5%), with a similarly non-significant adjusted association (AOR 1.05, 95% CI
0.87—1.26).%% In contrast, Fong et al. observed a higher cesarean delivery rate in pre-GDM cases
(52.4%) compared to GDM cases (44.05%), with a statistically significant association (AOR

1.31, p < 0.001).1% (Table 17).

In our study, 39 out of 250 participants (15.6%) had a history of neonatal death or stillbirth in
previous pregnancy, while 211 participants (84.4%) had no such adverse obstetric outcomes.
In contrast, Bahl et al’s study found no significant association between GDM and stillbirth.24
out of 1782 (1.3%) stillbirths in non-GDM pregnancies, 3 out of 430 (0.7%) stillbirths in GDM

pregnancies.®® (Table 18)

Our study reported a low prevalence of previous difficult labor (8.8%), suggesting fewer labor
complications. Grabowska et al. found a 53% cesarean section rate in GDM pregnancies, with

70% being elective, mainly due to prior CS.!*? (Table 19)

In our study, 59 participants (23.6%) had a history of bad obstetric outcomes, while the
majority, 191 participants (76.4%), did not report any such history. In comparison to Jali et al.
identified a significant association between GDM and previous bad obstetric history (24.4%, p

=0.000)."3* (Table 20)

In our study, only 1.6% of participants reported a history of anxiety or depression, whereas
Muche et al. found a higher prevalence of antenatal depression (10.1%) among their study

population.'”* Additionally, their study demonstrated a significant association between
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antenatal depression and GDM, with 25.6% of depressed participants diagnosed with GDM

compared to 6.8% of non-depressed participants (p < 0.001).!23 (Table 21).

Part E : Anthropometry

In our study, pregnancy weight gain was <7 kg in 12.7% of participants, while the majority,
52.4%, gained between 7-9 kg. About 25.6% had a weight gain of 9-11 kg, and 9.3% gained
more than 11 kg. The mean weight gain in the current pregnancy was 8.12 kg (SD: 1.81 kg)
Similarly the Hillier study reported that women diagnosed with early GDM (<18 weeks) had a
mean GWG of 8.1 kg, while those diagnosed with GDM at 24-28 weeks had a significantly
higher GWG (10.7-11.4 kg).®®¥ Among obese women, 60% exceeded IOM guidelines, whereas
early-diagnosed GDM cases were weight neutral in the first trimester (-0.2 kg).%® In contrast to
Lewandowska’s study found lower median GWG in GDM pregnancies (10.0 kg, IQR 7.0—

15.0) compared to non-GDM pregnancies (14.0 kg, IQR 11.0-17.0, p < 0.001)!?® (Table 22).

In our study, 18.7% of participants had a BMI <18.49, 42% were within the normal range
(18.5-22.9), 16.2% had a BMI of 23-24.9, and 23.1% had a BMI >25. The Tamil Nadu study
by V Sheshaih et al found that a BMI >25 kg/m? was a significant risk factor for GDM, with
an AOR of 1.88 (95% CI: 1.63-2.16, p < 0.001).'® Similarly, the Bahl S, et al study reported
that higher early-pregnancy BMI was associated with an increased risk of GDM, with an AOR
of 1.04 (95% CI: 1.01-1.07) per unit increase in BML*® In terms of pre-pregnancy BMI,
Lewandowska et al. study had 21.9% BMI in GDM cases and 8.6% in non-GDM (p < 0.001)'2®

(Table 23)
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Part F : Intranatal and Postnatal Findings:

In our study, 9 (2%) participants delivered early preterm (i.e., 28 - 33 weeks 6 days of gestation,
while 18 (4%) participants had preterm deliveries between 34 and 36 weeks 6 days. The
majority of participants, 418 (92.8%), delivered between 37 and 41 weeks 6 days, indicating
that most pregnancies reached full-term gestation. A small proportion i.e 5 (1.2%) participants,
had post-term deliveries at or beyond 42 weeks. This is in line with findings from the study by
Erkamp et al., who noted that maternal glucose concentrations in early pregnancy were
associated with altered placental blood flow and increased risk of hypertensive disorders.'3*
Their study also reported a median gestational age at delivery of 40.1 weeks and a preterm birth
rate of 5.1%.'3* Lewandowska et al (2021) found that GDM cases had a significantly lower
gestational age at delivery (median 39.0 weeks, IQR: 38.0-39.8) compared to non-GDM cases

(median 39.0 weeks, IQR: 38.0-40.0, p = 0.032).!28 (Table 24).
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Section II : Prevalence of Gestational Diabetes Mellitus

In the present study, the prevalence of GDM in the first trimester, as determined by the OGTT,
was 16.0% (72 out of 450 participants). The majority of participants, 84.0% (378 women), had
normal OGTT results. Similar to our study, Lewandowska et al had identical prevalence of
16%.'2® And Our findings are consistent with previous studies conducted in India. Similarly,
the in a study at Tamil Nadu study by V Sheshaih et al reported a slightly higher prevalence of
18.5% (IADPSG criteria) and a lesser prevalence of 14.6% (WHO 1999 criteria) as compared
to our study.'® However, the average prevalence closely matches our findings. Similarly, a
secondary analysis from the Women and Infants Integrated Growth Study (WINGS), a
population-based cohort study in South Delhi, found that 19.2% of pregnant women were
diagnosed with GDM using the national guidelines (OGTT >140 mg/dL). In the WINGS study,
5.6% of women were diagnosed in the first trimester (early GDM), while 14.9% developed
GDM in the second or third trimester (late GDM).%° Hannah et al. (2022) conducted a
systematic review on the global burden of early pregnancy GDM (eGDM) and reported a wide
range of prevalence estimates (0.7% to 36.8%) across studies, A systematic review and meta-
analysis published in 2024 estimated the national prevalence of GDM in India at approximately
13%.° The prevalence varied across regions, with the highest rates observed in the North zone
(16.1%) and the South zone (12.6%). The West zone had the lowest prevalence at 7%, while
the East and North-eastern regions reported a prevalence of 11.5%. Urban areas exhibited a
higher prevalence (12%) compared to rural areas (10%).%* In a field-based cross-sectional study
carried out in the rural parts of Assam state, India, by Chanda S, et al showed prevalence of
GDM was 16.67%.% A cross-sectional study in Belagavi showed a prevalence of 12.2%.57 A
hospital-based cross-sectional study in Faridabad, Haryana found a GDM prevalence of 14.1%

(IADPSG criteria) and 6.7% (DIPSI criteria).®® (Table 25).
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In the present study, the prevalence of GDM based on FBS values in the first trimester was
15.8% (71 out of 450 participants) with FBS levels > 92 mg/dL. The majority, 84.2% (379
participants), had FBS levels below 92 mg/dL, indicating normal glucose levels. (Table 26).
Bhattacharya et al. (2024) conducted a meta-analysis and concluded that first-trimester FPG
>92 mg/dL was strongly associated with GDM development at 24-28 weeks (RR 3.93, 95%
CI: 2.67-5.77, P <0.00001).'* This aligns with our findings, reinforcing that an FBS cutoff of
92 mg/dL can effectively predict later GDM and serve as a useful screening threshold. (Table

26).

Our study found a 6.3% prevalence of GDM in the second trimester, with 93.7% of participants
having normal glucose tolerance, indicating fewer newly diagnosed cases compared to the first
trimester. This aligns with Donovan et al’s review, which highlights the 50g-Oral Glucose
Challenge Test (OGCT) as a primary screening method. At 7.8 mmol/L (140 mg/dL), the
OGCT has moderate sensitivity (70%—88%) and specificity (69%—89%), while lowering the
threshold to 7.2 mmol/L (130 mg/dL) increases sensitivity (88%—-99%) but reduces specificity
(66%—77%). Fasting plasma glucose (FPG) at 4.7 mmol/L (85 mg/dL) has comparable
sensitivity (87%) but lower specificity (52%), making it less reliable.!3® The review by Virally
and Laloi-Michelin highlights the advantages of the 75g-OGTT over the two-step approach for
diagnosing GDM between 24-28 weeks of pregnancy, emphasizing its faster diagnosis, better
tolerance, and ease of use. They also critique the use of alternative methods, particularly fasting

glycemia, due to inconsistent study findings and lack of perinatal outcome data.'3” (Table 27).
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Section III: Fasting Blood Sugar as predictor of GDM

Our study identified an optimal FBS cutoff of 86 mg/dL for predicting GDM in the first
trimester, with a high sensitivity of 97.22% and specificity of 82.80% (Youden’s Index: 80.03),
suggesting that a lower threshold than 92 mg/dL. may enhance early detection and the positive
likelihood ratio (LR*) was 9.55, indicating a strong ability of FBS to confirm GDM when
positive. The negative likelihood ratio (LR™) was 0.387. Similarly, Kashi Z, et al. study showed
10% GDM, with AUC was 0.853, high sensitivity of 80% and a specificity of 92%, with a
cutoff threshold of 91.5 mg/dL for GDM.'*® In contrast, Li et al. (2019) proposed 81 mg/dL
with lower sensitivity (64.29%) and specificity (56.45%),'* while In comparison, Mirzamoradi
et al. (2021) reported that 40.4% of pregnant women had an FBS > 92 mg/dL, confirming a
GDM diagnosis, while 27.6% of women with normal FBS developed GDM based on OGTT.!3°
Their study found that the optimal FBS cutoff was 82.5 mg/dL, with lower sensitivity (62.2%)
and specificity (45.1%), indicating limited predictive accuracy compared to our study.
Additionally, the area under the ROC curve (AUC) for FBS in predicting GDM was only 0.571,
suggesting that FBS alone had poor diagnostic performance in their cohort. Shlomit et al.
(2020) found FPG >83 mg/dL predictive of GDM, though with varying diagnostic accuracy,

and further linked FPG > 4.67 mmol/L to adverse pregnancy outcomes.'*? (Table 28, 29).
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Correlation FBS and OGTT

After excluding one of the extreme values of OGTT of 370, the correlation between FBS and
OGTT for 449 patients was ‘r’ = 0.68 (Figure 10). A correlation coefficient of 0.68 indicates a
moderate to strong positive correlation between FBS and OGTT values. This suggests that
higher FBS values are generally associated with higher OGTT values. However, the correlation
is not perfect, implying that while FBS can serve as an early indicator of glucose intolerance,

OGTT remains essential for definitive diagnosis.

Section I'V: Risk factors and its association with GDM status

In our study, the prevalence of GDM increased with maternal age, ranging from 10.8% in
women aged 18-20 years to 30.9% in women aged 30 years and above. A significant
association was observed between increasing maternal age and GDM risk (p = 0.003), with the
highest risk noted in older age groups. Similarly, Muche et al found a significant association
between increasing maternal age and GDM (p <0.001). Older women (>30 years) had a higher
prevalence of GDM, while younger women (<25 years) had lower rates.'?} Similarly, Bahl et
al's study identified advancing maternal age as a strong predictor of GDM, with the risk
increasing for each additional year of maternal age (AOR 1.10, 95% CI 1.06—1.15).2° Similarly,
the Mysuru study (Sinha et al.) found a strong association between increasing maternal age and

GDM (p = 0.01, mean difference = 2.54).!*! (Table 30)

Our study found a weak but significant positive correlation between maternal age and GDM
(r=0.261, p<0.001). The risk of GDM slightly increases with maternal age, though the
correlation remains modest. A meta-analysis by Li Y et al. showed a stronger association,

with GDM risk rising by 7.90% per year.*° (Graph 17)
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In our study, the prevalence of GDM was 15.3% among women with a gestational weight gain
(GWQ) of less than 9 kg, 14.7% in those who gained between 9—-11 kg, and 36.8% in those
who gained more than 11 kg. Although the highest prevalence was observed in women with
excessive weight gain, no statistically significant association was found between GWG and
GDM (p = 0.057). In contrast, study by Lewandowska et al found that women with GDM had
a significantly lower median GWG (10.0 kg, IQR 7.0—-15.0) compared to those without GDM
(14.0 kg, IQR 11.0-17.0, p < 0.001).'?® Furthermore, findings from Shan et al indicated that
pre-pregnancy BMI was notably higher in women with GDM (22.65 + 3.25 kg/m?) compared

to controls (20.91 + 2.35 kg/m?, p < 0.001).!4? (Table 33).

Our study found no significant association between GWG and OGTT values (r = -0.009, p =
0.852), suggesting that GWG does not strongly predict GDM status. In contrast, the Panyakat
et al. study reported a positive correlation between GWG and birth weight percentiles (r =
0.437, p = 0.002), indicating that GWG influences fetal growth outcomes rather than GDM

risk.'* (Graph 18)

In our study, women aged >25 years had 1.82 times higher odds of developing GDM compared
to those <25 years (AOR = 1.82, 95% CI: 1.02-3.23, p = 0.042). Similarly, in the Tamil Nadu
study (V Sheshiah et al), women aged >25 years had a slightly higher risk, with 2.1 times
greater odds of developing GDM (95% CI: 1.87-2.37, p < 0.001) highlighting advanced
maternal age as a significant predictor of GDM. Similarly, a cross-sectional study analyzing
data from the fourth National Family Health Survey (NFHS-4) in India reported a gradual
increase in GDM prevalence with age, with 1.0% among women aged 15-19 years, 1.1%
among those aged 20-24 years, 1.6% in the 25-29 age group, 1.8% among those aged 30-34
years, and 2.4% in women aged >35 years.'** Furthermore, women aged >35 years had 2.37

times higher odds of developing GDM compared to those aged 15-19 years. while the
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Lewandowska et al study found an increased risk for women aged >40 years (AOR = 2.31,

95% CI: 0.99-5.34, p = 0.052).!28 (Table 34).

Our study did not find a significant association between sedentary behavior and GDM (AOR
=0.77,95% CI: 0.46-1.30, p = 0.327). Similarly, Shan et al. reported no significant difference
in walking time between GDM and non-GDM groups (p =0.719), with comparable proportions
of participants walking <20 minutes per day (66.7% vs. 69.2%) and >20 minutes per day

(33.3% vs. 30.8%).14 (Table 34).

In our study, leisure-time physical activity did not show a significant association with GDM
(OR = 0.83, 95% CI: 0.49-1.39, p = 0.472). Similarly, Muche et al. categorized physical
activity into high (30%), moderate (45.7%), and low levels (24.4%), with no significant

difference observed between GDM and non-GDM groups (p = 0.387).!2* (Table 34).

In our study, alcohol consumption had an odds ratio of 0.87 (95% CI: 0.10-7.36, p = 0.901),
Similarly, Muche et al. reported that 42.3% of GDM cases and 57.7% of non-GDM cases had
no alcohol use (p = 0.430),'** Swaminathan et al. reported that alcohol consumption was low
(0.8% in controls and 1.4% in GDM cases), with an adjusted odds ratio of 2.1 (95% CI: 0.2—

3.9).13! (Table 34)

Our study did not find a significant association between smoking tobacco consumption and
GDM (AOR = 2.65, 95% CI: 0.24-29.59, p = 0.429). However, non-smoking tobacco
consumption showed a significant crude association (AOR = 2.50, 95% CI: 1.04-5.99, p =
0.04), though it became non-significant after adjustment (AOR = 2.07, 95% CI: 0.74-5.80, p
= 0.165). In contrast, Shan et al. reported a significant association between passive smoking
and GDM (p = 0.021), with a higher prevalence among exposed women (23.4%) compared to

non-exposed women (10.3%).'*> Swaminathan et al. reported that current smoking was rare
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among participants (0.2% in the control group and 0.1% in the GDM group), with no significant

association observed (AOR = 0.4, 95% CI: 0.0-1.1)!3! (Table 34)

Our study women consuming fruits <3 times per week had 1.52 times higher odds of GDM
(AOR =1.52,95% CI: 0.86-2.68, p = 0.148), found no significant association between fruit or
vegetable consumption and GDM risk, whereas Shan et al reported a vegetables-fruits dietary
pattern as protective (OR = 0.32, 95% CI: 0.17-0.61, p < 0.001).!4? In contrast, Muche et al.
reported a significant association between inadequate dietary diversity 53.6 % and GDM (p <
0.001),!* An intervention study incorporating blueberries and soluble fiber by Basu A et al
showed differences in fruit and vegetable consumption between groups. The intervention group
had a lower mean fruit intake (0.8 = 0.6 to 1.1 + 0.5 cups/day) compared to the control (1.0 £
0.3 to 1.3 £ 0.7 cups/day).'* Vegetable consumption in the intervention group (1.2 + 0.7 to 1.0
+ 0.5 cups/day) was also lower than in the control group (1.1 £ 0.3 to 1.5 + 0.8 cups/day).

Despite these variations, the impact on GDM prevention remains inconclusive.!* (Table 34).

Our study observed a higher rate of spontaneous vaginal delivery (70.2%) and a lower LSCS
rate (27.3%) compared to Li Ping et al.'s study, where women with GDM had a significantly
higher rate of assisted vaginal delivery or cesarean section (43.8%) than those without GDM
(35%) (p = 0.010).13% Additionally, Li Ping et al. found that elevated first-trimester FPG (>4.67
mmol/L) was associated with a higher intervention rate (39.9%) compared to lower FPG levels
(<4.19 mmol/L, 29.2%) (p = 0.000).'* In contrast, Deng et al. reported a significant association

between GDM and increased cesarean section rates (p < 0.001).'4¢ (Table 35)

In our study, the sex distribution of newborns was nearly equal, with 51.6% male and 47.1%
female births, and no significant gender-based differences in birth outcomes. Additionally,

1.3% of cases resulted in abortion. In the Hillier study, the distribution of newborns by gender
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was 50.7% male and 49.3% female, with no significant difference in the prevalence of GDM
based on fetal sex (p = 0.9027).%% In contrast, the study by Herath et al. found that 40.3% of
babies born to mothers with GDM were male, compared to 46.7% in the non-GDM group (p =
0.25), indicating no statistically significant difference in sex distribution between groups.®’

(Table 36)

Our study found that most newborns (96.2%) had a birth weight of >2500g, with 2.2% in the
1500-2500g category and 1.6% having extremely low birth weight (<1000g). In contrast,
Lewandowska’s study reported a higher prevalence of macrosomia (>4000g) in the GDM
group (14.4%) compared to the non-GDM group (9.9%) (p = 0.047).!2® While Lewandowska’s
study showed a lower proportion of low birth weight (<2500g) infants in the GDM group
128

(4.1%) than in the non-GDM group (7.0%), our study did not report macrosomic births.

(Table 37)
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Section V: GDM Outcomes
Maternal outcomes

Our study found significant associations between GDM and adverse pregnancy outcomes,
including decreased fetal movements (40% vs. 10.4%, p < 0.001), hypertensive disorders
(12.9% vs. 5.3%, p = 0.031), polyhydramnios (47.2% vs. 1.6%, p < 0.001), abnormal fetal lie
(41.7% vs. 19.6%, p < 0.001), preterm labor (19.4% vs. 3.7%, p < 0.001), neonatal ventilatory
support (73.6% vs. 22.8%, p < 0.001), NICU admission (30.6% vs. 7.9%, p < 0.001), and
abnormal fetal heart rate (22.2% vs. 5.6%, p < 0.001). No significant associations were found
with antepartum hemorrhage, anemia, PROM, congenital anomalies, maternal fever, retained

placenta, PPH, or sepsis. according to Preterm Delivery. (Table 38 a).

In the present study, a statistically significant association was observed between GDM and
hypertensive disorders (p = 0.031). The prevalence of hypertensive disorders was higher in
GDM cases (12.9%) compared to non-GDM cases (5.3%). In contrast, Lewandowska et al.'s
study found a higher overall prevalence of hypertensive disorders (17.1% in GDM vs. 14.6%
in non-GDM cases) without statistically significant difference (p = 0.438).'?® And compared to
Kek et al. (2.99% GDM vs. 2.12% non-GDM).'?> Wenrui Y et al reported that GDM increased

the risk of pre-eclampsia by 39% (OR: 1.39; 95% CI: 0.99-1.96)°3 (Table 38 a).

In contrast to our study, which found no significant association between GDM and APH (p =
1.00) or PPH (p = 0.403), Muche et al. reported a twofold increased risk of APH (ARR =2.10;
95% CI: 1.11-3.98) and a nearly fivefold increased risk of PPH (ARR = 4.85; 95% CI: 2.28—

10.30) in GDM pregnancies.!?* (Table 38 a).
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Neonatal outcomes

In our study, a significant association was observed between GDM and preterm labor
(p<0.001). The incidence of preterm delivery was 19.4% in GDM cases, compared to 3.7% in
non-GDM cases. Similarly, Deng et al. findings showed a significantly higher prevalence of
preterm birth history in the GDM group (5.49%) compared to the non-GDM group (3.89%) (y*
= 921.557, P < 0.001).'%® In contrast, Wenrui Y et al.'s meta-analysis demonstrated a 51%
increased risk of preterm birth among GDM cases (OR: 1.51; 95% CI: 1.26—1.80).3% In contrast,
the study by Bahl S, et al. found that women with GDM did not have a significantly higher risk
of preterm birth after adjusting for confounders (AOR 0.77, 95% CI 0.53-1.11)% and Riskin-
Mashiah et al. found no significant association between first-trimester fasting glucose levels

and preterm delivery or NICU admission (OR 0.73-1.35, P = 0.1).!% (Table 38 b).

Our study reported a history of neonatal death or stillbirth in 15.6% of participants, we did not
explicitly analyze NICU admissions. Wenrui Y et al study found that GDM doubled the risk
of NICU admission (OR: 2.29; 95% Ci:1.59-3.31), highlighting the impact of GDM on
neonatal health.*® Additionally, their findings indicate that neonates born to GDM mothers had
a higher risk of neonatal jaundice (OR: 1.28; 95% CI: 1.02—1.62) and respiratory distress
syndrome (OR = 1.57; 95% CI: 1.19-2.08).%® Muche et al found a higher risk of perinatal
asphyxia (ARR = 3.58; 95% CI: 1.39-9.23), which aligns with our findings on neonatal

respiratory distress.'** (Table 38 b).

No cases of shoulder dystocia were reported in our study, in contrast to Nakshine & Jogdand
report that 15%—-45% of GDM pregnancies result in macrosomia, leading to an increased risk
of shoulder dystocia and birth trauma.!'*’ (Table 38 b)

In our study found no significant association between GDM and congenital anomalies (p =

0.291), with minimal occurrence in both GDM (1.4%) and non-GDM (0.3%) cases. However,
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in contrast Nakshine & Jogdand’s review highlights an uncertain relationship between GDM
and congenital anomalies, noting that while pre-existing diabetes is strongly linked to birth
defects (Heart defects & neural tube defects), evidence for GDM remains inconsistent.!'*’
(Table 38 b)

Section VI: Association of GDM with Socio-demographic Factors

Our study found that GDM prevalence was highest among women with postgraduate education
(32.3%) and no formal education (28.6%), while the lowest prevalence was observed among
those with secondary education (11.3%) (p = 0.006). This contrasts with Muche et al., who
reported a higher prevalence of GDM among women with lower education levels, particularly
those without formal education (25.6%) and primary education (26.4%) (p = 0.032).!%
Similarly, Swaminathan et al. observed a slightly increased GDM prevalence among women

with no schooling (26.0%) and those with higher education (Senior Secondary: 25.4%), though

the associations were not statistically significant (AOR = 1.3—1.4, p > 0.05).!*! (Table 39).

Our study found a significant association between occupation and GDM (p = 0.018), with the
highest prevalence among agricultural workers (40.9%) and the lowest among self-employed
women 10.4%. Homemakers, who formed the majority, had a GDM prevalence of 14.7%. In
contrast, Muche et al. categorized participants as employed or unemployed and reported a
higher prevalence of GDM among employed women 51.2% compared to unemployed women

48.8% (p = 0.004).1% (Table 40).

In our study, the prevalence of GDM varied across socioeconomic groups, with the highest
occurrence in SES III (19.7%), followed by SES II (15.4%), while SES I and SES IV had lower
rates (11.5% and 12.5%, respectively). However, this association was not statistically
significant (p = 0.57). Similarly, Muche et al. found no significant association between monthly
income and GDM status (p = 0.808), the average monthly income was 3169.22 + 3167.78

birr.!”> Swaminathan et al. found that the prevalence of GDM increased with socioeconomic
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status, with the highest prevalence observed in the wealthiest group (35.3%), and a significant

association was noted (AOR = 1.7, 95% CI: 1.1-2.3).13! (Table 42).

In the present study, women with a family history of diabetes had a higher prevalence of GDM
(22.7%) compared to those without (14.4%), but this association was not statistically
significant (p = 0.055). Comparatively, Lewandowska et al. (2021) found a significant
association between family history and GDM risk, particularly when the father was affected
(AOR = 3.68, 95% CI: 2.23-6.07, p < 0.001) or the mother was affected (AOR = 2.13, 95%
CI: 1.1-4.14, p = 0.026).'2® Similarly, V Sheshiah et al. reported that women with a family
history of diabetes had 1.58 times higher odds of developing GDM (AOR = 1.58, 95% CI:
1.39-1.79, p < 0.001).'® In Muche et al study, GDM prevalence was significantly higher in
women with a family history of diabetes (21.5%) compared to those without (only 4.2%) (p <

0.001).123 (Table 43)
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CONCLUSION

This community based longitudinal study underscores a significant burden of early
Gestational Diabetes Mellitus (GDM) in both urban and rural settings of Belagavi, with
approximately one in every six pregnant women diagnosed during the first trimester.
Notably, the findings highlight the influence of socioeconomic and occupational factors
on GDM prevalence. Women engaged in agriculture exhibited markedly higher rates
up to two in every five suggesting that dietary practices, physical activity levels, and

restricted healthcare access in this group warrant focused public health interventions.

Age emerged as a critical determinant, with women aged 30 years and above facing a
substantially increased risk compared to their younger counterparts. Similarly,
excessive gestational weight gain was positively correlated with GDM, where women
gaining over 11 kg were found to have more than double the risk compared to those
with lower weight gains. Furthermore, lifestyle factors, including low fruit
consumption and the use of non-smoking tobacco, contributed to the elevated

prevalence of GDM.

The study also identified overweight/obesity status and proteinuria as significant
predictors, with the latter increasing GDM risk nearly ninefold. Although a positive
family history of diabetes and hypertension was noted, these factors did not achieve

statistical significance in this cohort.

Maternal GDM was strongly associated with adverse pregnancy outcomes. Pregnant
women with GDM experienced a dramatically higher likelihood of complications such
as polyhydramnios, hypertensive disorders, and preterm labor. Neonatal outcomes were

similarly concerning, with a significantly higher proportion of infants requiring
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ventilatory support and NICU admissions, thereby emphasizing the profound impact of

maternal glycemic control on newborn health.

The identification of several modifiable risk factors—including older maternal age,
excessive gestational weight gain, and suboptimal dietary habits—suggests that
lifestyle interventions should be integrated into routine antenatal care. In addition, the
U-shaped relationship observed between education level and GDM risk indicates that
both lower and higher educational attainments are associated with increased
prevalence, possibly reflecting complex underlying factors such as stress and lifestyle

differences.

Overall, this study highlights the urgent need for early screening and tailored
interventions for high-risk groups, particularly among agricultural workers and older
mothers. Strengthening antenatal care services, promoting health awareness, and
encouraging healthy weight management emerge as critical strategies to mitigate the
burden of GDM and improve both maternal and neonatal health outcomes. These
findings contribute to the understanding of the epidemiological transition in GDM
prevalence and underscore the importance of targeted public health policies in

addressing this growing concern.
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RECOMMENDATIONS

Based on our study findings, we suggest the following recommendations to help prevent and

manage GDM by addressing key risk factors:

1.

Implement universal first-trimester screening with OGTT and consider lowering the

FBS cut-off to 86 mg/dL for early detection.

Adopt two-step screening (FBG followed by OGTT for positives) to optimize resource

utilization

Explore combined biomarkers (OGTT + HbA 1c + clinical factors) for better prediction.

Prioritize screening for high-risk women (> 25 years, excessive weight gain, family
history of diabetes, or proteinuria) and provide extra care for sedentary or physically

demanding occupations.

Promote fiber-rich diets, reduce processed foods, and encourage physical activity to

enhance insulin sensitivity.

Integrate GDM screening into routine antenatal care with regular glucose and blood

pressure monitoring.

Advocate for routine screening policies, affordable diagnostic access, and further

research on GDM interventions

Raise awareness through community programs and train healthcare workers to support

lifestyle modifications.

Ensure postpartum follow-up to monitor glucose levels and prevent type 2 diabetes.
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10. Long term cohorts studies are imperative to assess the impact of GDM on maternal and

child health outcomes.
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STRENGTHS

1. Study setting: A community based longitudinal study among 450 first trimester pregnant

woman

2. Sampling technique: The study was conducted by using, stratified proportionate sampling

across four health centers, followed by systematic random sampling within each center.

3. Optimal sample size (n=450) enhancing the statistical power and reliability of prevalence

estimates

4. Research questionnaire: a structured questionnaire regarding the sociodemographic
variables, family history of DM and other chronic conditions, current medical history,
current and past obstetric history, pertinent clinical data, maternal anthropometry including
pre-pregnancy weight, present weight, height & body mass index (BMI); lifestyle factors
viz. tobacco & alcohol consumption, physical activity, fruits and vegetables consumption

and biochemical investigations details and other risk factors of GDM.

5. Validated diagnostic tools like the Oral Glucose Tolerance Test (OGTT) and fasting blood

glucose were used to ensure the accurate identification and diagnosis of GDM.

6. Validation of DIPSI criteria supports simplified, cost-effective diagnosis in primary care

settings, enabled consistent classification of GDM cases
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LIMITATIONS

The limitations of the study were:

1. Our study focused on pregnancy outcomes but did not include long-term follow-
up of mothers and neonates to assess postpartum metabolic health or neonatal
development.

2. As some questions were based on self-reported lifestyle habits, diet, and physical
activity, pre-pregnancy weight, there was a potential for recall bias or inaccuracies
in reporting these factors.

3. Our study did not account for factors like genetic predisposition or environmental
exposures, which could have affected the results.

4. Variation in healthcare access among participants was not considered, which could

have influenced the early detection and management of GDM.
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SUMMARY

The present study was a community-based longitudinal study which was conducted to
estimate the prevalence of Gestational Diabetes Mellitus among first-trimester pregnant
women in Belagavi district, Karnataka, India. The study also assessed fasting blood glucose as
a predictor of GDM and evaluated associated risk factors and maternal-neonatal outcomes. The
data collection was carried out over 22 months (1% April 2023 to 31% January 2025) including
the follow up of all the enrolled participants to one week postpartum and included 450 pregnant
women from four primary health centers of Belagavi districts, covering both rural and urban

populations.

The study participants had a mean age of 24.3 + 4.31 years, with the majority (42.7%)
aged 2024 years. Nearly half (50%) were Muslim, followed by Hindus (46.7%). A significant
proportion (59.1%) had completed secondary education, while 1.6% had no formal education.
Most participants were homemakers (77.3%), followed by self-employed individuals (10.7%)
and agricultural workers (4.9%). Socioeconomic status, assessed using the modified B.G.
Prasad classification (2024), showed that 60.7% belonged to Class II, while only 1.8% were in

Class IV.

The prevalence of GDM, diagnosed using the Oral Glucose Tolerance Test was 16% in
the first trimester, with an additional 6.3% diagnosed in the second trimester. Fasting blood
sugar levels >92 mg/dL identified 15.8% of women with GDM. The study determined an
optimal FBS cut-off of 86 mg/dL, which had 97.22% sensitivity and 82.80% specificity for
early GDM detection. A strong positive correlation (r = 0.68) was observed between FBS and

OGTT values, reinforcing FBS as a viable screening tool in resource-limited settings.
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Women aged >25 years had 1.82 times higher odds of developing GDM compared to
younger women (p = 0.042), with the highest prevalence (30.9%) observed among those aged
>3(0 years. Maternal age remains a significant risk factor, as increasing age is often associated
with declining insulin sensitivity and metabolic changes during pregnancy. Women with a
family history of diabetes (19.6%) and hypertension (30.4%) also demonstrated a trend toward

increased GDM risk, although the association did not reach statistical significance.

Excessive pregnancy weight gain (>11 kg) showed a strong association with GDM
(AOR = 4.27, p = 0.013). Excess weight gain during pregnancy contributes to insulin
resistance, increasing the risk of developing glucose intolerance. Lifestyle factors also played
a crucial role in GDM development. Low fruit consumption (<3 times/week) was linked to an
increased risk (AOR = 1.52), highlighting the importance of including diet rich in fruits and
fibres in pregnancy. Additionally, non-smoking tobacco use, such as chewing tobacco, was
associated with a higher GDM risk (AOR = 2.07), likely due to its effects on insulin resistance
and vascular health. Proteinuria (1.3%) emerged as a strong predictor of GDM (AOR = 9.0, p
= 0.026), indicating a possible link between kidney dysfunction and glucose intolerance. This

also strengthens the potential association between pre-eclampsia and GDM.

Anthropometric measurements further reinforced the risk factors. BMI >25 kg/m? was
observed in 23.1% of participants, aligning with existing evidence that overweight and obesity
increase insulin resistance. Central obesity was more prevalent among women in the study but
was not directly linked to GDM in adjusted models, suggesting that overall weight gain and

metabolic factors may have a stronger impact than body fat distribution alone.

Women diagnosed with GDM experienced significantly higher risks of hypertensive

disorders (12.9% vs. 5.3%, p = 0.031) and pregnancy complications such as polyhydramnios
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(47.2% vs. 1.6%, p < 0.001), preterm labour (19.4% vs. 3.7%, p < 0.001), and abnormal fetal
lie (41.7% vs. 19.6%, p < 0.001). These findings highlight the adverse maternal outcomes
associated with GDM, underscoring the need for early diagnosis and management to prevent

complications.

Neonatal complications were also more frequent among GDM pregnancies, with higher
rates of ventilatory support requirements (73.6% vs. 22.8%, p < 0.001) and NICU admissions
(30.6% vs. 7.9%, p < 0.001). Despite these significant risks, there was no notable difference in
congenital anomalies (1.4% vs. 0.3%, p = 0.291) between GDM and non-GDM pregnancies.
These findings reinforce the importance of timely intervention and glycaemic control during

pregnancy to minimize adverse neonatal outcomes

Several modifiable risk factors were identified, including older maternal age, excessive
weight gain, and poor dietary habits, suggesting that lifestyle interventions should be a
cornerstone of antenatal care. The strikingly high prevalence of GDM among agricultural
workers (40.9%) points to potential socioeconomic and occupational influences, possibly
related to dietary patterns and limited healthcare access. Interestingly, education level showed
a U-shaped relationship with GDM risk, with both postgraduate-educated and uneducated

women exhibiting higher prevalence, possibly due to differing lifestyle factors or stress levels.

Thus, this study demonstrates a considerable burden of GDM among first-trimester pregnant
women in Belagavi, with an overall prevalence of 16% initially, rising further in the second
trimester. The findings validate fasting blood glucose as a robust screening tool, particularly
with an optimal cut-off of 86 mg/dL. Notably, modifiable risk factors such as advanced
maternal age, excessive weight gain, and poor dietary habits, along with socioeconomic and

occupational influences especially among agricultural workers substantially contribute to
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GDM risk. The significantly higher rates of maternal complications, including hypertensive
disorders, polyhydramnios, and preterm labor, as well as adverse neonatal outcomes,
underscore the urgent need for early screening and targeted antenatal interventions to mitigate

these risks.
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ANNEXURE —-11

TITLE: “Assessment of Gestational Diabetes Mellitus among First Trimester Pregnant

women — A Community-based Longitudinal Study”

Objective:

Primary objective — To determine the prevalence of Gestational Diabetes Mellitus among

first trimester pregnant women residing in field practice area of Belagavi district.

Secondary objectives

c. To predict Gestational Diabetes Mellitus using fasting blood glucose among pregnant

women during their first trimester residing in field practice area of Belagavi.

d. To assess the risk factors for Gestational Diabetes Mellitus among pregnant women

residing in field practice area.

Introduction:

Globally Gestational diabetes Mellitus is emerged as serious health concern during
pregnancy and childbirth, leading to both maternal and Fetal complications. The risk factors
for GDM include, Age (the older a woman of reproductive age is, the greater her risk of GDM);
overweight or obesity - excessive weight gain during pregnancy; a family history of diabetes;
GDM during a previous pregnancy; a history of stillbirth or giving birth to an infant with
congenital abnormalities; Diabetes during pregnancy and GDM increase the chance of future
obesity and type 2 diabetes in offspring. Hence it is important that the susceptible population
be educated about the impact of GDM and the benefits of Early detection and management of
gestational diabetes mellitus thus decreasing the burden of GDM. These are the reasons for the

present study to be undertaken. Participation in this study is completely voluntary
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Explanation of procedure:

In this study, you will have to answer a few prepared questions about Socio-
demographic details, medical history, Obstetric history, lifestyle information.

And participants in their first trimester (up to 13" week of gestation) tested for fasting
blood glucose an early morning blood sample is measured using capillary blood glucose
(minimum of 8hours of fasting is required).The classification based on the FBG is as
follows: FBG Value: 70 — 92 mg/dL — Normal; 92 — 125 mg/dL — Early GDM; > 126
- GDM

All the study participants will undergo an Oral glucose tolerance test (OGTT) with 75-
g anhydrous glucose powder. The glucose powder was dissolved in 250-300 ml of water
and pregnant women will be asked to consume it in five minutes. The results are
assessed using DIPSI (Diabetes in pregnancy study group of India) Criteria (A blood
glucose level of >140 mg/dl two hours after the consumption of 75 mg of anhydrous
glucose was considered GDM) using capillary blood glucose method under aseptic
precautions.

And the participants who had normal blood glucose value in the first trimester will be
assessed for OGTT under aseptic conditions in the 24 -28 week of GA using capillary
blood glucose method. The diagnostic performance of FPG in the will be compared
with OGTT

Final study outcomes will be obtained at delivery and one week post-delivery. If you
agree to participate, then only questions will be asked to you and tests will be

performed. At any moment, you can withdraw from the study.

Withdrawal from participation in the study: Participation in this study is voluntary. You

will be free to decide whether to participate in this study or continue participation once enrolled.

In case you decide to withdraw your participation, you are free to do so. Even if you withdraw
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from the study, care provided to you will not be halted. However, please convey the decision
to the principal investigator.

Possible benefits from participating in the study: The benefits of participating in the study
include contributing to the understanding of GDM prediction in the first trimester and the

potential for early diagnosis and treatment of GDM.

Possible risks from participating in the study: The study procedures are safe and non-
invasive. However, some women may feel nauseated, sweaty, or lightheaded after they drink
the glucose solution. Serious side effects from this test are very uncommon.

Privacy and confidentiality: The information collected from you will be coded, to prevent
any person from identifying you. Your identity will never be revealed. The data collected
from you will be kept confidential and only processed or aggregated data will be used for
publication.

Financial incentives: You will not receive any payment for participating in this study.
Authorization for publication of aggregated data: Results obtained after processing of the
aggregated data will be published for scientific purposes and or presented to scientific groups.

However, your identity will never be revealed.

Legal rights: By signing this consent form, we are not waving any of your legal rights
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CONSENT STATEMENT

I am making a voluntary decision to participate in the study “Assessment
of Gestational Diabetes Mellitus among First Trimester Pregnant women —
a community based Longitudinal study”. My signature below indicates that I
have decided to participate and I have read the information provided above or the
information provided above has been read to me in the language that [ understand
best. 1 was given the opportunity to ask questions and that they have been

answered to my satisfaction.

Name of the participant:

Signature or left thumb impression of the participant:

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:

Date:

Place:
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ANNEXURE — 111

PROFORMA / QUESTIONNAIRE

“Assessment of Gestational Diabetes Mellitus among First Trimester Pregnant women

— a community based Longitudinal study”

(Note: The personal data provided by you will be kept confidential. Only aggregated results

will be presented /published, without revealing your personal identity)

Participant ID: | | | | | Date:| | |

PART 1: Socio-demographic details:

1. Name:

2. Age: (in completed years):

3. Religion: Hindu\ Islam\ Christian\ Sikh\ Jain\ Others (specify):

4. Education: Total years of Schooling: Years

No formal education/ Primary / Secondary / Collegiate / Post-graduate
5. Occupation: Home-maker / Govt. employee/ non-govt. employee/ Self employee /
Agriculture /
Unemployed

6. Total Family Income (Husband home): INR

7. Total no. of Family Members:

8. Per capita income: INR

9. Socio-economic Status (Mod. B G Prasad Classification): Class [/ II/III/ IV /V
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PART 2: Family and Medical History

10. Family history of Diabetes Mellitus: Yes / No
If Yes, Specify: Mother / Father / Both parents / Siblings
11. Family history of Hypertension: Yes / No
If Yes, Specify: Mother / Father / Both parents / Siblings
12. Is she diagnosed with any medical condition prior to pregnancy?
a. Diabetes Mellitus — Yes / No
b. Hypertension — Yes / No
c. Cardiac Problems — Yes / No
d. Thyroid disease — Yes / No
e. Tuberculosis — Yes / No
f. COVID-19 —Yes/No
g. Psychiatric illness (Anxiety / Depression) — Yes / No

h. Others (Specify):

PART 3: Current Obstetric History

13. Gravida
14. Parity

15. LMP: | |

16. Is USG Date and GA Available? Yes / No

a. If Yes, Date of USG: | |

b. GA at the time of USG: weeks days

17. Date of registration: | |

18. Haemoglobin (at registration): g/ dL
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19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

HIV Status: Positive / Negative
HBSAg Status: Positive / Negative
Blood Group:

Urine Protein: Present / Absent
Urine Sugar: Present / Absent
Thyroid test done: Yes / No

If Yes, TSH mcg/L

PART 4: Past Obstetric History (if applicable)

History of Diabetes Mellitus in Past pregnancy: Yes / No

If Yes, Treatment given: MNT / Insulin / Metformin / Combination of either
History of Gestational Hypertension/ Pre-eclampsia in Past pregnancy: Yes / No
Previous LSCS: Yes / No

History of Neonatal death/ Still Birth: Yes / No

History of previous difficult labour: Yes / No

History of Rh incompatibility: Yes / No

History of Bad obstetric history: Yes / No

History of delivering baby weighing > 4.5 Kg: Yes / No

History of Anxiety / Depression: Yes / No

Others (Specify):
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35.

36.

37.

38.

39.

40.

41

42.

43,

PART 5: Anthropometry

Pre-pregnancy weight (in Kg)

Present Weight: (in Kg)

Weight at admission for delivery: (in Kg)
Height: (in meters)

BMI: (Kg/m?)

PART 6: Lifestyle information:

Smoking Tobacco Consumption: Yes / No

If Yes, Type: Cigarette / Bidi / Pipes / Others (Specity):

If Yes, Frequency: Daily / Occasionally / Past smoker

. Non-smoking Tobacco Consumption: Yes / No

If Yes, Type: Snuff / Guthka / Chewing tobacco / Others (Specify):

If Yes, Frequency: Daily / Occasionally / Past smoker
Alcohol Consumption: Yes / No

If Yes, Type: Beer / Whisky / Rum / Brandy / Country liquor / Others (Specify):

If Yes, Frequency: 5 or more days a week / 1-4 days a week / 1-3 days a month / < Once a
month

Physical Activity assessment:

Job related physical activity — Sedentary / Moderate / Vigorous / Not Applicable

Leisure time physical activity — Yes / No

If Yes, Frequency: Every day / 3 — 4 days a week / 1 — 2 days a week / Few days a month /

Uncertain
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44. In a typical week, no. of days of fruits consumption: days

45. In a typical week, no. of days of vegetables consumption: days

PART 7: Biochemical measurements: First trimester tests:

46. Fasting plasma glucose measurement;

a. Fasting blood glucose reading: mg/dL

47. OGTT measurement:

By DIPSI criteria capillary blood glucose at the end of 2hour of consumption of 75gm

anhydrous glucose level: mg/DI

48. Blood pressure measurement: / mm/Hg

PART 8: Biochemical measurements: Second trimester tests:
(Applicable for women with normal GTT in first trimester)

49, OGTT measurement:

By DIPSI criteria capillary blood glucose at the end of 2hour of consumption of 75gm

anhydrous glucose level: mg/dL
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51.

52.

53.

54.

55.

56.

57.

Annexures

PART 9: Postnatal (up to 7 days post-delivery)

Date of Delivery: / /

Did the mother have any of the following during present pregnancy? (Mark all that apply)
a. Gestational diabetes mellitus: Yes/No / Don’t know

b. Hypertensive disorders in pregnancy: Yes/No / Don’t know

c. Decreased Fetal movements: Yes/ No/Don’t know

d. Polyhydramnios: Yes / No / Don’t know

e. Antepartum haemorrhage: Yes/No/Don’t know

f. Abnormal lie: Yes/No / Don’t know

g. Anaemia: Yes/No/Don’t know

h. Preterm labour (< 37 weeks): Yes / No / Don’t know

i.  Premature rupture of membrane: Yes / No / Don’t know

j-  Others (specity):

Type of delivery: Vaginal (without forceps / vacuum) / Vaginal (with forceps / vacuum)
/ LSCS

Gender of the baby: Male / Female

Birthweight: grams

Required ventilatory support (bag and mask/ oxygen / PPV / Etc.) — Yes / No

Required NICU Admission: Yes / No

If Yes, Reason for admission:

Congenital anomalies in Neonate: Yes / No
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58. Did the mother have any of the following during delivery?
a. Abnormal Fetal heart rate (FHR): Yes/No
b. Fever (>100.4F / 38C): Yes/No
c. Shoulder dystocia: Yes/ No
d. Retained placenta: Yes/No
e. post-partum haemorrhage: Yes/ No

f. Sepsis: Yes/No

j. Others (specify):
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A

D

KEY TO MASTER CHART

ANNEXURE — 1V

. ParticipantID | |

. Name:

. Age: (in completed years):

. Religion:

. Hindu -1

Islam - 2
Christian - 3
Sikh - 4
Jain - 5

Others (specify): -6

E. Education: Total years of Schooling: Years

F. Education

N

o formal education — 1

Primary -2

Secondary - 3

Collegiate - 4

Post-graduate -5
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G. Occupation:
Home-maker — 1

Govt. employee — 2
Non-govt. employee — 3
Self-employee — 4
Agriculture — 5

Unemployed — 6

H. Total Family Income (Husband home): INR

I. Total no. of Family Members:

J. Per capita income: INR

K. Socio-economic Status (Mod. B G Prasad Classification):

ClassI1-1

Class 11 -2

Class III - 3

Class IV -4

Class V-5

PART 2: Family and Medical History

L. Family history of Diabetes Mellitus:

Yes -1

No -2
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M. If Yes, Specify:

Mother - 1

Father - 2

Both parents — 3

Siblings — 4

N. Family history of Hypertension:
Yes - 1

No -2

O. If Yes, Specify:

Mother - 1

Father — 2

Both parents - 3

Siblings — 4

P. Is she diagnosed with any medical condition prior to pregnancy? Diabetes Mellitus —

Yes -1, No - 2

Q. Hypertension — Yes- 1, No -2

R. Cardiac Problems — Yes- 1, No- 2
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S. Thyroid disease — Yes — 1, No- 2

T. Tuberculosis — Yes -1, No - 2

U. COVID-19 -Yes—1,No -2

V. Psychiatric illness (Anxiety / Depression) — Yes — 1, No - 2

W. Others (Specify):

PART 3: Current Obstetric History

X. Gravida

Y. Parity

Z.LMP: | | )

AA. Cycles — Regular — 1, irregular — 2

AB. Oral contraceptive use -Yes — 1, No - 2

AC. Is USG Date and GA Available? Yes -1, No — 2

AD. If Yes, Date of USG: | |

AE. AF. GA at the time of USG:

AE. weeks

AF. days

AG. Date of registration:
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AH. Haemoglobin (at registration): g/ dL

AL HIV Status: Positive - 1, Negative -2

AJ. HBSAg Status: Positive — 1, Negative - 2

AK. Blood Group:
A Positive - 1

A Negative - 2

B Positive - 3

B Negative - 4
AB Positive - 5
AB Negative - 6
O Positive — 7

O Negative - 8

AL. Urine Protein: Present — 1, Absent — 2

AM. Urine Sugar: Present — 1, Absent -2

AN. Thyroid test done: Yes — 1, No - 2

AO.IfYes, TSH  mcg/L

PART 4: Past Obstetric History (if applicable)

AP. History of Diabetes Mellitus in Past pregnancy: Yes - 1, No — 2
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AQ. If Yes, Treatment given:

MNT -1

Insulin — 2

Metformin — 3

Combination of either — 4

AR. History of Gestational Hypertension/ Pre-eclampsia in Past pregnancy: Yes — 1, No — 2

AS. Previous LSCS: Yes — 1, No - 2

AT. History of Neonatal death/ Still Birth: Yes — 1, No —2

AU. History of previous difficult labour: Yes — 1, No —2

AV. History of Rh incompatibility: Yes — 1, No - 2

AW. History of Bad obstetric history: Yes — 1, No - 2

AX. History of delivering baby weighing > 4.5 Kg: Yes — 1, No - 2

AY. History of Anxiety / Depression: Yes — 1, No - 2

AZ. Others (Specify):
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PART 5: Anthropometry

BA. Pre-pregnancy weight (in Kg)

BB. Present Weight: (in Kg)

BC. Weight at admission for delivery: (in Kg)

BD. Height: (in meters)

2
BE. BMI: (Kg/m )

PART 6: Lifestyle information:

BF. Smoking Tobacco Consumption: Yes — 1, No — 2

BG. If Yes, Type: Cigarette -1, Bidi - 2, Pipes — 3, Others (Specify): -4

BH. If Yes, Frequency: Daily - 1, Occasionally - 2, Past smoker — 3

BI. Non-smoking Tobacco Consumption: Yes — 1, No — 2

BJ. If Yes, Type: Snuff — 1, Guthka - 2, Chewing tobacco - 3, Others (Specify): -4
BK. If Yes, Frequency: Daily -1, Occasionally -2, Past smoker - 3,

BL. Alcohol Consumption: Yes — 1, No — 2

BM. If Yes, Type:
Beer -1,
Whisky - 2,

Rum -3,
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Brandy — 4,
Country liquor — 5,

Others (Specify): -6

BN. If Yes, Frequency:
5 or more days a week - 1
1-4 days a week - 2
1-3 days a month -3

< Once a month - 4

BO. Physical Activity assessment: Job related physical activity —
Sedentary- 1
Moderate -2
Vigorous -3
Not Applicable -4

BP. Leisure time physical activity — Yes — 1, No — 2

BQ. If Yes, Frequency:

Every day — 1,

3 — 4 days a week — 2,

1 — 2 days a week — 3,

Few days a month — 4,
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Uncertain -5

BR. In a typical week, no. of days of fruits consumption: days

BS. In a typical week, no. of days of vegetables consumption: days

PART 7: Biochemical measurements: First trimester tests:

BT. Fasting plasma glucose measurement:

a. Fasting blood glucose reading: mg/dL

BU. OGTT measurement:

By DIPSI criteria capillary blood glucose at the end of 2hour of consumption of 75gm

anhydrous glucose level: mg/Dl

BV. Blood pressure measurement: / mm/Hg

PART 8: Biochemical measurements: Second trimester tests:

(Applicable for women with normal GTT in first trimester)

BW. OGTT measurement:

By DIPSI criteria capillary blood glucose at the end of 2hour of consumption of 75gm

anhydrous glucose level: mg/dL
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PART 9: Postnatal (up to 7 days post-delivery)

BX. Date of Delivery: / /

Did the mother have any of the following during present pregnancy? (Mark all that apply)

BY. Gestational diabetes mellitus: Yes - 1, No - 2, Don’t know - 3

BZ. Hypertensive disorders in pregnancy: Yes - 1, No - 2, Don’t know - 3

CA. Decreased Fetal movements: Yes - 1, No - 2, Don’t know - 3

CB. Polyhydramnios: Yes - 1, No - 2, Don’t know - 3

CC. Antepartum haemorrhage: Yes - 1, No - 2, Don’t know - 3

CD. Abnormal lie: Yes - 1, No - 2, Don’t know - 3

CE. Anaemia: Yes - 1, No - 2, Don’t know - 3

CF. Preterm labour (< 37 weeks): Yes - 1, No - 2, Don’t know - 3

CG. Premature rupture of membrane: Yes - 1, No - 2, Don’t know - 3

CH. Others (specify):

CI. Type of delivery:
1. Vaginal (without forceps / vacuum) -1
2. Vaginal (with forceps / vacuum) -2

3. LSCS-3

CJ. Gender of the baby: Male -1 / Female -2
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CK. Birthweight: grams

CL. Required ventilatory support (bag and mask/ oxygen / PPV / Etc.) — Yes — 1, No— 2

CM. Required NICU Admission: Yes — 1, No —2

CN. If Yes, Reason for admission:

CO. Congenital anomalies in Neonate: Yes — 1, No — 2

Did the mother have any of the following during delivery?

CP. Abnormal Fetal heart rate (FHR): Yes— 1, No—2

CQ. Fever (>100.4F / 38C): Yes—1,No—-2

CR. Shoulder dystocia: Yes—1, No—2

CS. Retained placenta: Yes— 1, No—2

CT. post-partum haemorrhage: Yes — 1, No —2

CU. Sepsis: Yes— 1, No—2

CV. Others (specify):
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