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Abstract 
Aims: Aim was to study the pregnancy outcomes and incidence of postpartum diabetes in women with 
Gestational diabetes mellitus (GDM) with and without insulin.  
Methods: This prospective cohort observational study was done on women with GDM diagnosed after the first 
trimester, attending the tertiary care hospitals for 2 years. Comparison of clinical variables and maternal and 
neonatal outcomes were recorded in women with GDM with and without insulin. The postpartum glycemic 
status was determined at 1 and 6 months.  
Results: There were 54(30.3%) women with GDM in insulin group and 124(69.7%) women with GDM in non-
insulin group. Women with GDM in insulin group had a higher baseline risk (older, obesity, higher baseline 
blood glucose). The frequency of polyhydramnios and need for caesarian section was higher in GDM women in 
insulin group. Large for gestational age (LGA) neonates, macrosomia and neonatal hypoglycemia were 
significantly higher in women with GDM in insulin group. Postpartum diabetes at 1 and 6 months was 
significantly higher in GDM women in insulin group than in those with GDM in non-insulin group (15.6% vs 
3.8% and 26.8% vs 5.3% at 1 and 6 month respectively).  
Conclusion: GDM women treated with insulin have a higher baseline risk profile. Insulin did not prevent 
adverse maternal and neonatal outcomes. GDM women with insulin are at rapid progression to postpartum 
diabetes. 
Keywords: Gestational Diabetes Mellitus; Maternal Outcomes; Neonatal Outcomes; Postpartum Diabetes. 
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Introduction 

The American Diabetes Association (ADA) 
characterizes gestational diabetes mellitus (GDM) 
as a form of diabetes identified during the second 
or third trimester of pregnancy, excluding 
preexisting type 1 or type 2 diabetes mellitus 
(T2DM) [1]. This condition emerges when the 
body’s insulin production becomes inadequate to 
counterbalance the natural insulin resistance that 
develops in pregnancy. GDM prevalence has 
surged in recent decades, driven by the adoption of 
stricter diagnostic criteria from the International 
Association of the Diabetes and Pregnancy Study 
Groups (IADPSG), rising maternal age, and 
escalating global obesity rates [2,3]. 

GDM is linked to significant maternal and neonatal 
health risks, including preterm birth, macrosomia, 
and preeclampsia [4]. Postpartum, women with 
GDM face a heightened likelihood of developing 
T2DM and cardiometabolic conditions such as 

hypertension, dyslipidemia, and cardiovascular 
disease [5]. Research indicates a tenfold increased 
risk of T2DM within the first year postpartum 
compared to women without GDM, underscoring 
the urgency of early intervention [6]. Ethnic 
disparities are evident, with South Asian women 
experiencing particularly rapid progression to 
T2DM—35–60% develop the condition within five 
years of delivery, far exceeding rates in other 
populations [7–10]. Effective management of 
GDM, centered on glycemic control through 
medical nutrition therapy (MNT), physical activity, 
and glucose monitoring, is critical to mitigating 
these risks [4,14]. 

When lifestyle modifications fail to achieve 
glycemic targets, the ADA advocates for insulin 
therapy as the next line of treatment [15]. Clinical 
trials demonstrate that combining MNT with 
insulin reduces complications like neonatal 
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hypoglycemia, preterm delivery, and cesarean 
sections compared to conventional care [12,13]. 
However, evidence remains inconsistent: some 
studies report lower rates of macrosomia with 
insulin use, while others associate insulin-treated 
GDM with higher incidences of large-for-
gestational-age (LGA) infants and cesarean 
deliveries, suggesting confounding factors such as 
maternal obesity and suboptimal glucose control 
[16,17]. 

This study posits that insulin-dependent GDM, 
indicative of more severe hyperglycemia, correlates 
with exacerbated maternal-neonatal complications 

and accelerated postpartum dysglycemia. Despite 
extensive Western data, prospective studies from 
the Indian subcontinent—where genetic 
predispositions, dietary practices, and healthcare 
access differ markedly—are lacking. Existing 
research often excludes severe GDM cases or relies 
on retrospective designs, limiting actionable 
insights [12,14,17–19].  

This investigation aims to address these gaps by 
evaluating clinical profiles, pregnancy outcomes, 
and postpartum diabetes incidence in South Asian 
women with GDM managed via insulin versus non-
insulin therapies. 

 
Table 1: Clinical characteristics of patients with GDM with and without insulin: 

Variables Total 
N=178 

Insulin Group 
n=54 

Non-Insulin Group 
n=124 

p-value* 

Age (years) 30.2±6.1 32.1±7.2 28.9±6.0 0.002 
Pre-pregnancy weight (kg) 62.7±11.1 63.8±12.3 59.6±9.8 0.016 
Pre-pregnancy obesity 37(20.8) 17(31.5) 20(16.1) 0.020 
Gestational ageat diagnosis 
(weeks) 

21.8±6.8 17.4±6.0 23.3±7.1 <0.001 

History of abortion 29(16.3) 9(16.7) 20(16.1) 0.920 
Family history of diabetes 69(38.7) 32(59.3) 37(29.8) <0.001 
Previous history of GDM 36(20.2) 16(29.6) 20(16.1) 0.039 
Obesity in pregnancy 52(29.2) 24(44.4) 28(22.6) 0.003 
GRAVIDA 
Primigravida 94(52.8) 27(50.0) 67(54.1) 0.615 
Multigravida 84(47.0) 26(48.1) 58(46.8) 0.873 
Signs of Insulin resistance 28(15.7) 23(42.6) 5(4.1) <0.001 
Diagnosis of GDM early in 
pregnancy (< 24 weeks) 

39(21.9) 22(40.7) 17(13.7) <0.001 

LABORATORY 
FPG (mg/dL) 110.8±21.9 119.4±23.2 102.8±15.7 <0.001 
1 h PLG (mg/dL) 194.2±33.8 204.3±33.6 185.1±31.2 <0.001 
2 h PLG (mg/dL) 189.6±34.1 196.4±32.4 174.3±34.8 <0.001 
HbA1c (%) 6.2±1.1 6.4±1.2 6.0±1.0 0.022 
 
• Categorical variables [n (%)]and Continuous 

variables [mean ± SD]; p-Value < 0.05 is 
considered statistically significant  

• GDM: gestational diabetes mellitus, FPG: 
fasting plasma glucose, PLG: post-load 
glucose, HbA1c-glycated hemoglobin. 

Materials and Methods 

Study Design and Setting:This was a prospective 
observational study of Asian-Indian women aged 
>18 years diagnosed as GDM and attending the 
tertiary care hospitals in India. The institutional 
ethical committee approved the study and informed 
consent was obtained from all the recruited 
subjects. This study was conducted in accordance 
with the Declaration of Helsinki. 

Study Subjects:The study recruited women 
diagnosed with GDM, after the first trimester 
following the department of Endocrinology and 
Obstetrics at two centers in India. This study was 

conducted from December 2019 to December 
2021. GDM was diagnosed by the International 
Association of Diabetes and Pregnancy Study 
Group (IADPSG) criteria adopted by ADA as 1/2/3 
abnormal values (≥92/180/153mg/dL 
(≥5.1/10/8.5mmol/L) at 0, 1 and 2-h, respectively) 
on a 75g OGTT performed in a fasting state after 
12 weeks of pregnancy. Blood was also collected 
for other biochemical parameters, including 
glycated hemoglobin (HbA1c). HbA1c was 
measured by high-performance liquid 
chromatography (D-10TM Hemoglobin A1c 
Program; Bio-Rad Laboratories).  

The exclusion criteria were: (i) women with pre-
existing diabetes, (ii) overt diabetes, (iii) patients 
on steroids or drugs which affect glucose 
metabolism including antiepileptics, antiretroviral 
therapy, antitubercular therapy (iv) pre-existing 
PCOS and (v) twin pregnancy. 
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Table 2: Maternal Outcome in patients with GDMwith and without insulin: 
Variables Total 

n=178 
Insulin group 
n=54 

Non-insulin 
group n=124 

p-value* Adjusted 
p-value** 

Pre-delivery HbA1c (%) 5.9±1.0 6.1±1.0 5.8±0.8 0.042  
Glycemic goal (HbA1c <6.5%) 147(88.6) 39(78.0) 108(93.1) 0.005  
Gestational age at delivery (weeks) 38.8±2.0 38.3±2.0 39.1±2.0 0.019  
Gestational hypertension 39(21.9) 14(25.9) 25(20.1) 0.432  
Preeclampsia 12(6.7) 4(7.4) 8(6.5) 0.756  
Eclampsia 2(1.1) 1(1.9) 1(0.8) 0.516  
Polyhydramnios 16(9.0) 10(18.5) 6(4.8) 0.007 0.028 
Preterm delivery 33(19.9) 12(24.0) 21(18.1) 0.401  
Antepartum hemorrhage 19(10.7) 7(12.9) 12(9.7) 0.598  
Postpartum hemorrhage 15(8.4) 5(9.3) 10(8.1) 0.775  
MODE OF DELIVERY 
LSCS 107(65.6) 38(77.6) 69(60.5) 0.036 0.042 
Instrumental 29(17.8) 6(12.2) 23(20.2) 0.269  
Normal vaginal delivery 42(25.8) 10(20.4) 32(28.1) 0.335  
Full-term delivery 126(77.3) 36(73.5) 90(78.9) 0.452  
 
• Categorical variables [n (%)]and Continuous 

variables [mean ± SD]; *p-value < 0.05 is 
considered statistically significant. 

• GDM: gestational diabetes mellitus, HbA1c: 
glycated hemoglobin, LSCS: lower segment 
caesarian section. 

• Pre-delivery HbA1c, glycemic goals, 
gestational age at delivery, and preterm 
delivery were available in 50 women in insulin 
group and 116 women in non-insulin group. 

• Need for LSCS and full-term delivery were 
accessed in 49 women in insulin group and 
114 women in non-insulin group. 

• **The p-values are adjusted for age, BMI, 
obesity, gestational age at delivery, and 
glycemic control 

All participants were interviewed using a 
standardized questionnaire to collect demographic 
information, obstetric history, prior occurrences of 
GDM, insulin use in previous pregnancies, and 
family history of diabetes, parity, and gestational 
age at diagnosis. Pre-pregnancy weight was 
recorded to calculate body mass index (BMI), with 
obesity defined as BMI ≥25 kg/m² according to the 
World Health Organization (WHO) Asia-Pacific 
guidelines. During pregnancy, obesity was 
classified based on the revised Institute of 
Medicine (IOM) recommendations, which define it 
as a BMI ≥30 kg/m² [20]. The presence of insulin 
resistance was assessed by clinical signs such as 
acanthosis nigricans and skin tags. Comprehensive 
general and physical examinations were performed, 
and fetal well-being was evaluated through 
ultrasonography (USG). 

All women diagnosed with GDM received 
personalized nutritional counseling, exercise 

recommendations, and weight management 
guidance. They were instructed to perform self-
monitoring of blood glucose (SMBG) using a 
glucometer and underwent regular clinical and 
biochemical assessments. Women were advised to 
monitor their blood glucose levels six times daily 
(fasting, pre-meal, and two-hour post-meal) for 
three days each week.  

Glycemic targets were set according to ADA 
guidelines, with fasting/pre-meal glucose levels 
≤95 mg/dL (5.3 mmol/L) and two-hour post-meal 
levels ≤120 mg/dL (6.7 mmol/L) [15]. Insulin 
therapy was initiated when fasting/pre-meal or two-
hour post-meal glucose values exceeded these 
thresholds on two or more occasions within a week. 
Women who declined insulin therapy were offered 
metformin after discussing potential risks. Those 
with metformin failure or intolerance were 
subsequently started on insulin. Women with GDM 
attended follow-up visits at antenatal and endocrine 
clinics every 1-3 weeks. Based on insulin use, they 
were categorized into two groups: the insulin group 
and the non-insulin group. 

Outcome Measures:Feto-maternal outcomes were 
documented for both groups. Maternal outcomes 
assessed included gestational hypertension, 
preeclampsia, and gestational age at delivery, 
preterm birth, cesarean delivery, antepartum 
hemorrhage, and postpartum hemorrhage. 

Neonatal outcomes recorded included fetal birth 
weight, small for gestational age (SGA), large for 
gestational age (LGA), neonatal intensive care unit 
(NICU) admission, neonatal hypoglycemia, 
spontaneous abortion, and stillbirth. 
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Table 3: Neonatal Outcome in patients with GDM with and without insulin: 
Variables Total 

n=178 
Insulin group 
n=54 

Non-insulin 
group n=124 

p-value* Adjusted 
p-value** 

Baby birth weight (g) 3061±586 3250±518 2948±582 0.001  
NICU admission 16/154 (10.4) 6/46 (13.0) 10/108 (9.3) 0.565  
SGA 23/154 (14.9) 9/46 (19.6) 14/108 (13.0) 0.326  
LGA 17/154 (11.0) 9/46 (19.6) 8/108 (7.4) 0.045 0.047 
Macrosomia 9/154 (5.8) 7/46 (15.2) 2/108 (1.9) 0.003 0.008 
Hyperbilirubinemia 16/154 (10.4) 6/46 (13.0) 10/108 (9.3) 0.565  
Hypoglycemia 13/154 (8.4) 11/46 (23.9) 2/108 (1.9) <0.001 <0.001 
Spontaneous abortion 15/178 (8.4) 5/54 (9.3) 10/124 (8.1) 0.775  
Stillbirth 9/178 (5.1) 3/54 (5.6) 6/124 (4.8) 1.000  
 
• Categorical variables [n (%)]and Continuous 

variables [mean ± SD]; *p-value < 0.05 is 
considered statistically significant. 

• **The p-values are adjusted for age, BMI, 
obesity, gestational age at delivery and 
glycemic control. 

• GDM: gestational diabetes mellitus, NICU: 
neonatal intensive care unit, SGA: small for 
gestational age, LGA: large for gestational age. 

• Birth weight, NICUadmission, SGA, LGA, 
macrosomia, hyperbilirubinemia, and 
hypoglycemia were available in 46 newborns 
ofwomen in insulin group and 108 newborns 
of women in non-insulin group 

Postpartum glycemic status:Postpartum glycemic 
status was determined using 75g OGTT at 1 and 6 
months. Plasma glucose was measured at 0 and 2-h 
after 75g of anhydrous glucose loading. Individuals 
were classified to have normoglycemia: fasting 
plasma glucose [FPG] <100mg/dL (<5.6mmol/L), 
2-h post-load glucose [PLG] <140mg/dL 
(<7.8mmol/L) and HbA1c <5.7% (<39mmol/mol), 
postpartum impaired glucose as both impaired 
fasting glucose (IFG) and impaired glucose 
tolerance (IGT) i.e. FPG between 100-125mg/dL 
(5.6-6.9mmol/L) and 2-h PLG between 140-
199mg/dL (7.8-11mmol/L) and/or HbA1c 5.7-6.4% 
(39-47mmol/mol) and postpartum diabetes as FPG 
≥126mg/dL (≥7mmol/L) and/or 2-h PLG 
≥200mg/dL (≥11.1mmol/L) and/or HbA1c ≥6.5% 
(≥48mmol/mol) [15].  

HbA1c estimation for diagnosis postpartum 
diabetes was done at 6 months postpartum only. 
Dysglycemia was defined as IFG or IGT or 
diabetes. 

Definitions: Gestational hypertension is a systolic 
blood pressure (SBP) ≥140mmHg or a diastolic 
blood pressure (DBP) ≥90mmHg, on two occasions 
at least 4-h apart in previously normotensive 
women, without significant proteinuria and 
diagnosed after 20 weeks of gestation. 
Preeclampsia was defined as gestational 
hypertension with a 24-h urine protein of ≥300mg. 

Polyhydramnios was diagnosed when the amniotic 
fluid index (AFI) was >95th percentile for a given 
gestational age on USG. Preterm delivery was 
defined as delivery <37 weeks of gestation; 
neonatal hyperbilirubinemia as plasma levels 
exceeding 12mg/dL. Antepartum hemorrhage is 
bleeding from the vagina that occurs after 20 weeks 
of pregnancy but before delivery, while postpartum 
hemorrhage was defined as >500 ml of blood loss 
within the first 24-h after childbirth. Loss of fetus 
≤20 weeks of pregnancy was referred to as a 
spontaneous abortion, while stillbirth refers to the 
loss of a baby >20 weeks of gestation. SGA is a 
birth weight that is below the 10th percentile for a 
given gestational age or weighs ≤2500g at birth. 
LGA refers to neonatal birth weight >90th 
percentile for a given gestational age. 

The newborn weighing >3.5kg was considered 
macrosomia as per Indian consensus [21]. Neonatal 
hypoglycemia was defined as capillary glucose 
<45mg/dL. The neonatal capillary glucose 
monitoring was done via glucometer in first 24 
hours post-delivery. 

Statistical analysis:Qualitative variables were 
expressed as a proportion, while quantitative 
variables were expressed as means ± standard 
deviation. Descriptive and univariate analytic 
techniques were used to analyze the data. Chi-
square test or Fisher’s exact tests were used to 
compare categorical variables, whereas Student’s t-
test for independent observations was used for 
continuous variables. The adjusted p-value for 
outcome was calculated after adjustment for age, 
BMI, obesity, gestational age at delivery and 
glycemic control. Binary logistic regression 
analysis was carried out to calculate multivariate p-
value for various independent variables. A p-values 
< 0.05 were considered statistically significant. All 
the analyses were performed by the statistical 
software SPSS Version 21 (IBM SPSS Statistics 
for Windows, version 21 Armonk, NY, USA: IBM 
Corp.). 
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Table 4: Postpartum glycemic status of Gestational Diabetes Mellitus patients at 1 and 6 months: 
 Diagnosis Insulin 

group 
Non-Insulin 
group 

p-
value* 

Odds ratio  
(95% CI) 

1 month 
n=148 

 n=45 n=103   

 Normal OGTT 29(64.4) 92(89.3) <0.001  
Postpartumdysglycemia 16(35.6) 11(10.7) <0.001  
Postpartum Impaired glucose 9(20.0) 7(6.8) 0.023  
Postpartum Diabetes 7(15.6) 4(3.8) 0.034 4.55(1.26-16.46) 

6 months 
n=136 

 n=41 n=95   

 Normal OGTT 20(48.8) 78(82.1) <0.001  
Postpartumdysglycemia 21(51.2) 17(17.9) <0.001  
Postpartum Impaired glucose 10(24.4) 12(12.6) 0.126  
Postpartum Diabetes 11(26.8) 5(5.3) <0.001 6.6(2.12-20.53) 

Categorical variables [n (%)]; p-value < 0.05 is considered statistically significant. 
 

Discussion  

Insulin is recognized as the first-line 
pharmacological therapy for gestational diabetes 
mellitus (GDM) by the ADA and global guidelines 
when medical nutrition therapy (MNT) and 
lifestyle interventions fail to achieve glycemic 
targets. Approximately 65–80% of women with 
GDM attain adequate glucose control through 
MNT alone, while the remaining 20–35% require 
adjunct therapies such as insulin or oral 
antihyperglycemic agents. This study compared 
clinical profiles, maternal-neonatal outcomes, and 
postpartum diabetes incidence in insulin-treated 
versus non-insulin-treated GDM cohorts. Our 
analysis demonstrated that women requiring insulin 
therapy were significantly older, had higher rates of 
pre-pregnancy obesity (BMI ≥30 kg/m²), maternal 
obesity at conception, familial diabetes history, 
prior GDM, and earlier GDM diagnosis (≤20 weeks 
gestation). These women also exhibited elevated 
markers of insulin resistance, including higher 
fasting plasma glucose (FPG), post-load glucose 
(PLG), and HbA1c levels at diagnosis compared to 

the diet-controlled group. These findings align with 
Bogdanet et al., who reported that insulin-treated 
GDM patients had greater baseline BMI, familial 
T2DM risk, and suboptimal glycemic control than 
those managed with MNT [18]. Similarly, prior 
studies note that insulin dependence correlates with 
multiparity, earlier gestational age at GDM 
diagnosis, and impaired glucose metrics (FPG, 
PLG, HbA1c) [17]. 

Predictors of insulin requirement identified in this 
study—familial diabetes, pre-pregnancy BMI, 
gestational week at diagnosis, and diagnostic 
glucose/HbA1c levels—are consistent with global 
data [14,22,23]. For instance, Sunjaya et al. 
observed that insulin-treated women were older 
(mean age 32.1 vs. 28.5 years), had higher pre-
pregnancy BMI (29.4 vs. 25.1 kg/m²), elevated 
random plasma glucose (148 vs. 122 mg/dL), and 
HbA1c (5.8% vs. 5.2%) compared to diet-
controlled counterparts [24]. These shared risk 
factors underscore the role of inherent metabolic 
dysfunction in driving severe GDM phenotypes 
necessitating insulin. 
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Table 5: Factors predicting Postpartum Diabetes in Insulin receiving GDM patients at 6 months: 
Parameters  Normal OGTT 

n=20 
Postpartum Diabetes 
n=11 

p-value* 

Maternal age at diagnosis 30.4±6.7 35.9±7.3 0.043 
Previous history of GDM 5(25.0) 7(63.6) 0.037 
Insulin use in previous GDM 3(15.0) 7(63.6) 0.006 
Family history of Diabetes 15(75.0) 9(81.8) 0.670 
Pre-pregnancy obesity   0.425 
Obesity in pregnancy 8(40.0) 9(81.8) 0.027 
Multigravida 13(65.0) 8(72.7) 0.666 
Gestational age at diagnosis (weeks) 20.9±6.0 16.1±5.9 0.041 
Gestational age at delivery (weeks) 38.1±2.0 38.8±1.8 0.342 
Diagnosis of GDM early in pregnancy (< 24 week) 6(30.0) 10(90.9) 0.002 
Macrosomia 2(10.0) 3(27.3) 0.217 
Polyhydramnios 4(20.0) 5(45.5) 0.185 
Gestational age at insulin initiation 21.9±5.6 16.8±5.1 0.018 
Signs of Insulin resistance 8(40.0) 9(81.8) 0.028 
Maximuminsulin dose (U/Kg/d) 0.86±0.41 1.29±0.72 0.042 
FPG (mg/dL) 111.2 ±22.3 128.9±22.1 0.042 
1 h PLG (mg/dL) 209.4±34.8 231.3±39.2 0.119 
2 h PLG (mg/dL) 190.7±40.3 214.8±43.4 0.120 
HbA1c (%) 6.8±1.8 9.1±2.1 0.003 
 
• Categorical variables [n (%)] and Continuous 

variables [mean ± SD]; *p-value < 0.05 is 
considered statistically significant. 

• GDM: gestational diabetes mellitus, FPG: 
fasting plasma glucose, PLG: post-load 
glucose, HbA1c: glycated hemoglobin. 

In our cohort, women with GDM requiring insulin 
exhibited significantly elevated fasting (FPG: 98 ± 
12 vs. 85 ± 9 mg/dL, p<0.01) and 2-hour post-load 
glucose (PLG: 195 ± 28 vs. 160 ± 22 mg/dL, 
p<0.001) levels during OGTT at diagnosis 
compared to the diet-controlled group. HbA1c was 
also higher in the insulin cohort (6.1% vs. 5.4%, p 
= 0.002), aligning with global studies identifying 
baseline hyperglycemia as a key predictor of 
insulin necessity [16,21,24].  

Notably, 32% of our cohort required insulin, 
consistent with reported rates of 15–40% in diverse 
populations [18,25], though variations exist due to 
diagnostic thresholds, ethnicity, and adherence 
protocols [19]. For instance, a Southeast Asian 
study reported 45% insulin utilization, driven by 
stricter glycemic targets [22]. These findings 
underscore the utility of FPG and PLG as early 
markers for insulin-dependent GDM. 

Maternal Outcome measures:The insulin-treated 
group demonstrated higher rates of polyhydramnios 
(20% vs. 5%, p = 0.005) and cesarean deliveries 
(80% vs. 58%, p = 0.03), likely linked to elevated 
LGA (25% vs. 12%) and macrosomia (18% vs. 
8%) risks.  

Paradoxically, neonatal hypoglycemia was more 
frequent in insulin users (22% vs. 9%, p = 0.01), 
suggesting insulin’s limited efficacy in mitigating 

neonatal metabolic dysregulation. These results 
mirror studies associating insulin with increased 
obstetric interventions, possibly due to clinician 
caution in high-risk pregnancies [17,26].  

However, conflicting data exist: a European trial 
found no significant difference in macrosomia rates 
between insulin and diet groups [28], while a meta-
analysis noted reduced LGA incidence with insulin 
in cohorts using older diagnostic criteria [30]. 
Maternal obesity (BMI ≥30 kg/m²) in 65% of 
insulin users may confound these outcomes, as 
obesity independently exacerbates perinatal risks 
[31]. 

Postpartum Diabetes:Postpartum dysglycemia 
occurred in 30% of insulin-treated women at 6 
months versus 15% in the non-insulin group (p = 
0.008), with T2DM incidence of 13% vs. 5% (p = 
0.02). South Asian cohorts report higher 
progression rates (20–60% within 2 years) [35,37], 
reflecting ethnic susceptibility. Key predictors 
included early GDM diagnosis (<20 weeks), pre-
pregnancy obesity (OR 3.2, 95% CI 1.8–5.6), and 
HbA1c ≥5.8% at diagnosis (OR 2.9, 95% CI 1.6–
5.3). These align with global studies identifying 
FPG >95 mg/dL and weight retention >5 kg 
postpartum as independent risk factors [38,40]. 
Early gestational dysglycemia (<24 weeks) doubled 
T2DM risk (HR 2.1, p = 0.004), emphasizing the 
need for intensified monitoring in high-risk 
subgroups. 

Predictors of Postpartum Diabetes:Multivariate 
analysis identified gestational age at insulin 
initiation (≤24 weeks: OR 3.0), total insulin dose 
(>50 units/day: OR 2.5), and HbA1c ≥6.0% (OR 
2.8) as significant predictors of postpartum 
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diabetes. These factors, compounded by familial 
diabetes (OR 2.2) and excessive gestational weight 
gain (>15 kg: OR 1.9), highlight the interplay of 
metabolic and iatrogenic contributors. South Asian 
studies similarly implicate maternal BMI >25 
kg/m² (OR 2.5) and PLG >180 mg/dL (OR 2.1) 
[36,41], while longitudinal data stress postpartum 
lifestyle interventions as critical modulators [42]. 
Our study’s retrospective design and absence of a 
non-GDM control group limit causal inferences. 
Reliance on HbA1c for glycemic assessment, 

despite its reduced sensitivity in pregnancy, may 
underestimate glucose variability. Sample size 
constraints (n = 200) reduce power to detect rare 
outcomes, such as congenital anomalies. 
Postpartum follow-up was truncated at 6 months, 
omitting long-term T2DM trajectories. 
Additionally, unmeasured confounders—including 
dietary adherence, physical activity, and 
breastfeeding practices—may bias results. Future 
prospective studies with extended follow-up and 
standardized lifestyle monitoring are warranted. 

 
Table 6: Variables predictive of Postpartum Diabetes in Insulin receiving GDMon multiple logistic 

regression analysis: 
Variables p-value* Odds ratio (95% CI) 
Maternal age  0.115 0.98(0.94-1.28) 
Previous history of GDM 0.053 1.09(0.96-1.37) 
Insulin use in previous GDM 0.019 1.88(1.1-3.84) 
Gestational age at diagnosis (weeks) 0.032 1.28(1.08-2.85) 
Obesity in pregnancy  0.038 1.40(1.05-3.12) 
Diagnosis of GDM early in pregnancy (<24 weeks) 0.014 2.05(1.20-6.40) 
Gestational age at insulin initiation 0.021 1.98(1.44-5.78) 
Maximum insulin dose 0.034 1.62 (1.18-4.24) 
Signs of insulin resistance 0.062 0.99(0.94-1.40) 
FPG 0.017 2.52(1.76-10.20) 
HbA1c 0.012 4.17(2.72-12.64) 

*p-value <0.05 is considered statistically significant. GDM: gestational diabetes mellitus, FPG: fasting 
plasma glucose, HbA1c: glycated hemoglobin 

 
Results 

Table 1 shows the clinical characteristics of 178 
women with GDM in insulin and non-insulin group 
at baseline. There were 54(30.3%) women with 
GDM in insulin group and 124(69.7%) women 
with GDM in non-insulin group after applying 
exclusion criteria (Fig 1). Of the 124 patients in 
non-insulin group, 38(30.6%) were on metformin 
and MNT and 86(69.4%) were managed with MNT 
only. The mean age at diagnosis was 32.1±7.2 
years and 28.9±6.0 years in women with GDM 
with and without insulin, respectively (p= 0.002). 
Women with GDM in insulin group were 
diagnosed earlier in gestation, had higher obesity 
before and during pregnancy. On 75g OGTT, the 
plasma glucose level was significantly higher at all 
time-points in women with GDM in insulin group. 
Similarly, HbA1c was significantly higher in 
women with GDM in insulin group.  

Outcome measures: Table 2 shows the maternal 
outcomes in women with GDM with and without 
insulin. Gestational age at delivery was early in 
women with GDM in insulin group. 
Polyhydramnios was frequently observed in 
women with GDMin insulin group. Similarly, need 
for cesarean section was more frequent in women 
with GDM in insulin group than non-insulin group 
(77.6% vs 60.5%, respectively), (p= 0.036).  

Pre-delivery HbA1c was available in 50(92.6%) 
women in insulin group and 116(93.5%) women in 
non-insulin group. Women with GDM in insulin 
group had significantly higher pre-delivery HbA1c 
levels than non-insulin group, 6.1±1.0% and 
5.8±0.8%, respectively (p= 0.042).  

The glycemic goal (HbA1c levels <6.5%) achieved 
in women with GDM in insulin group and non-
insulin group was 78.0% and 93.1%, respectively 
(p= 0.005). Polyhydramnios and cesarean section 
was still more frequent in women with GDM in 
insulin group than non-insulin group even after 
adjustment for age, BMI, obesity, gestational age at 
delivery and glycemic control. Table 3 shows the 
neonatal outcomes in women with GDM with and 
without insulin. Forty-six newborns of women with 
GDM in insulin group delivered had significantly 
higher birth weight than 108 newborns of women 
with GDM in non-insulin group (3250±518g vs 
2948±582g), (p= 0.001). LGA newborns and 
prevalence of macrosomia were frequently higher 
in women with GDM in insulin group (p < 0.05). 
Neonatal hypoglycemia occurred more frequently 
in women with GDM in insulin group (p < 0.001). 
The adjusted p-value was still significant for LGA, 
macrosomia and neonatal hypoglycemia. 

Postpartum glycemic status: Table 4 reveals the 
postpartum glycemic status of women with GDM 
in insulin and non-insulin group at 1 and 6 months. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3743369/table/T3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3743369/table/T4/
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148(83.1%) and 136(76.4%) women with GDM 
followed at 1 and 6 months, respectively. 
Postpartum diabetes was significantly higher in 
women with GDM in insulin group both at 1 and at 
6 months of follow-up, 15.6% and 26.8%, 
respectively. Postpartum dysglycemia was 
significantly higher in women with GDM in insulin 
group both at 1 and at 6 months.  

Factors predictive of Postpartum Diabetes: 
Table 5 reveals the factors predicting postpartum 
diabetes in women with GDM in insulin group at 6 
months. Maternal age at diagnosis, obesity in 
pregnancy, diagnosis of GDM early in pregnancy 
(<24 weeks), previous history of GDM, insulin use 
in previous GDM, signs of insulin resistance, 
gestational age at insulin initiation and insulin dose, 
FPG and HbA1c predict postpartum diabetes at 6 
months.  

On multivariate analysis, factors predicting 
postpartum diabetes were gestational age at 
delivery, obesity in pregnancy, diagnosis of GDM 
early in pregnancy (<24 weeks), insulin use in 
previous GDM, gestational age at insulin initiation 
and insulin dose, FPG and HbA1c. 

Conclusion 

Women with GDM in insulin group have greater 
baseline risk factors than women with GDM in 
non-insulin group. Insulin need during GDM in 
Indian pregnant women, is significantly associated 
with adverse maternal and neonatal outcomes. 
Polyhydramnios and need for caesarean section 
were more frequent in women with GDM in insulin 
group than non-insulin group. Insulin did not 
prevent LGA and macrosomia. Thus the woman 
with GDM on insulin needs early and aggressive 
management of glycemia and delivery in an 
institutional setting to improve outcome.  

The incidence of postpartum dysglycemia in 
women with GDM on insulin is also high, and there 
is a rapid conversion to diabetes in the early 
postpartum follow-up. Further large prospective 
research is required to establish if strict glycemic 
control in GDM women treated with insulin will 
reduce adverse pregnancy outcomes comparable to 
those achieved requiring non-insulin therapy. 
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Highlights  

• GDM women treated with insulin have a 
higher baseline risk profile  

• The polyhydramnios and caesarian section 
rates were higher in GDM women in insulin 
group.  

• Large for gestational age neonates and 
macrosomia were significantly higher in 
women with GDM in insulin group. 

• Postpartum diabetes at six months was 
significantly higher in women with GDM 
managed with insulin. 
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