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Abstract

Background: The burden of gestational diabetes mellitus (GDM) appears to be increasing in India and may be
related to the double burden of malnutrition. The population-based incidence and risk factors of GDM, particularly
in lower socio-economic populations, are not known. We conducted analyses on data from a population-based
cohort of pregnant women in South Delhi, India, to determine the incidence of GDM, its risk factors and association
with adverse pregnancy outcomes (stillbirth, preterm birth, large for gestational age babies) and need for caesarean
section.

Methods: We analyzed data from the intervention group of the Women and Infants Integrated Interventions for
Growth Study (WINGS), an individually randomized factorial design trial. An oral glucose tolerance test (OGTT) was
performed at the time of confirmation of pregnancy, and for those who had a normal test (<140 mg), it was repeated
at 24-28 and at 34-36 weeks. Logistic regression was performed to ascertain risk factors associated with GDM. Risk
ratios (RR) were calculated to find association between GDM and adverse pregnancy outcomes and need for caesar-
ean section.

Results: 19.2% (95% Cl: 17.6 to 20.9) pregnant women who had at least one OGTT were diagnosed to have GDM.
Women who had prediabetes at the time of confirmation of pregnancy had a significantly higher risk of developing
GDM (RR 2.08, 95%Cl 1.45 to 2.97). Other risk factors independently associated with GDM were woman'’s age (adjusted
OR (AOR) 1.10, 95% CI 1.06 to 1.15) and BMI (AOR 1.04, 95% CI 1.01 to 1.07). Higher maternal height was found to be
protective factor for GDM (AOR 0.98, 95% CI 0.96 to 1.00). Women with GDM, received appropriate treatment did not
have an increase in adverse outcomes and no increased need for caesarean section

Conclusions: A substantial proportion of pregnant women from a low to mid socio-economic population in Delhi
had GDM, with older age, higher BMI and pre-diabetes as important risk factors. These findings highlight the need for
interventions for prevention and provision of appropriate management of GDM in antenatal programmes.

Clinical trial registration: Clinical Trial Registry — India, #CTRI/2017/06/008908 (http://ctri.nic.in/Clinicaltrials/pmain
det2.php?trialid=19339&EncHid=&userName=society%20for%20applied%20studies).
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normal after delivery [1]. The clinical effects of GDM
can range from asymptomatic to those of severe hyper-
glycaemia [2]. GDM poses risks for both the mother and
fetus. For women with GDM, elevated glucose levels
during pregnancy increases their risk of having a caesar-
ean delivery, and the tendency to develop type 2 diabe-
tes later in life. It also increases the infants’ risk of being
born too large and developing obesity or diabetes in the
future [3]. Women with GDM are also more likely to have
recurrent GDM in subsequent pregnancies [4].

The estimated prevalence of GDM varies from <1 to
28% in different countries [5]. Data from high-income
countries indicate that GDM complicates up to 12.4 to
25.5% of pregnancies [6]. In India, GDM is defined as
2-h Oral Glucose Tolerance Test [OGTT] >140mg/dL
by the Diabetes in Pregnancy Study Group, India and
in National Guidelines [7] . There is wide variability in
reported prevalence estimates for gestational diabetes in
India, varying from 7% [8] to nearly 16% [9]. The burden
of gestational diabetes appears to be increasing in India
and may potentially be related to increasing prevalence
of overweight or obesity [10]. There are limited data on
population-based prevalence, risk factors and adverse
outcomes of gestational diabetes, particularly in lower
socio-economic populations.

We conducted analyses on data from a population-
based cohort of urban and peri-urban low-to-mid-
socioeconomic neighborhoods of South Delhi, India, to
determine the incidence of gestational diabetes mellitus,
its risk factors and association with adverse pregnancy
outcomes (stillbirth, preterm birth, large for gestational
age babies) and need for caesarean section.

Methods

Study design, setting and participants

We conducted this secondary analysis on data being
collected as part of the Women and Infants Integrated
Growth Study (WINGS). The study was conducted
in urban and peri-urban low-to-mid-socioeconomic
neighborhoods of South Delhi, India. A summary of the
WINGS is provided below, details of methods have been
previously published [11].

Briefly, eligible women aged between 18 and 30years
were identified through a door-to-door survey. Women
who provided written consent to participate in the study
were enrolled (first randomization; to receive pre-and
peri-conception interventions or routine care and fol-
lowed up until their pregnancies were confirmed, or for
18 months after enrollment. Once pregnancy was con-
firmed by ultrasonography, written consent was obtained
(second randomization; to receive enhanced antenatal,
postnatal, and early childhood care or routine antena-
tal, postnatal, and early childhood care) from women for
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further participation in the study. For the current analy-
sis, we included pregnant women from the intervention
group.

Pregnant women in the intervention group received at
least 8 antenatal care visits. Body mass index (BMI) and
HbAlc assessments were done at the time of confirma-
tion of pregnancy. A one step oral glucose tolerance test
was performed at the time of confirmation of pregnancy,
75mg of anhydrous glucose was dissolved in 300ml of
water and given orally to the participant (fasting or non
fasting) and 2h later a venous blood sample was taken,
and blood sugar tested. In woman who had a blood sugar
level <140 mg/dl defined as normal, OGTT was repeated
at 24-28 weeks and at 34—36 weeks of gestation. Women
who had 2h blood sugar value of > 140 mg/dl were identi-
fied to have GDM using national criteria [7]. They were
initially managed with dietary counseling. Thereafter, a
fasting (FBS) and post prandial blood sugar (PPBS) was
done after 2weeks. Women with PPBS of <120mg/dl
were continued on dietary management and tests were
repeated monthly in second trimester and fortnightly
in third trimester. In women with PPBS of >120mg/dl
medical management was initiated with Metformin or
Insulin. Referral to the diabetic clinic of our collaborating
tertiary care hospital was done for uncontrolled cases.

Definitions

GDM was defined as blood sugar >140mg/dL
(7.8 mmol/L) 2 h after ingesting 75 g glucose orally at any
time during pregnancy using Government of India guide-
lines [7]. Prediabetes was defined if HbAlc values ranged
between 5.7 to 6.4% [12]. Stillbirth was defined if a baby
was born with no signs of life at or after 28 weeks of ges-
tation [13]. Preterm birth was defined as babies born
alive before 37 completed of weeks of pregnancy. Large
for gestational age (LGA) was defined as infant’s birth
weight above the 90th percentile for gestational age using
Intergrowth -21st Standards [14].

Statistical analysis

Sociodemographic characteristics were reported as mean
(SD), or proportions as appropriate. We calculated inci-
dence (95% confidence interval: CI) of GDM occurring
at any time during the pregnancy. We also calculated
incidence of GDM based on gestational age; early abnor-
mality those “Defined as OGTT > 140 mg/dL” based on
the first trimester testing and (Late abnormality) those
with normal or missing OGTT in the first trimesters but
OGTT >140mg/dL based on the second/third-trimester
testing. Univariable and multivariable logistic regressions
were performed to ascertain risk factors associated with
GDM. We also identified the potential risk factors for
developing early and late GDM. The candidate variables
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were continuous (maternal age, height, years of school-
ing, early pregnancy (gestational age <20weeks) BMI,
HbAlc) and categorical (religion (Hindu and others),
type of family (extended or joint, and nuclear), family
wealth quintiles). The family wealth index was calculated

Table 1 Sociodemographic characteristics of pregnant women

Characteristics of pregnant women No GDM GDM
n=1814 N =430
Age (years), mean (SD) 235@3.0) 24.7 (3.0)
Height (cm), mean (SD) 1524 (5.6) 151.9(5.8)
Height<150cm 614 (33.8) 162 (37.7)
Years of schooling
None (0) 87 (4.8) 18 (4.2)
Primary (1-5) 157 (8.6) 41 (9.5)
Secondary (6-12) 672 (37.1) 146 (33.9)
Higher than secondary (>12) 898 (49.5) 225(52.3)
Working outside home 90 (5.0) 18 (4.2)
Early pregnancy BMI, mean (SD) 21.9(3.9) 23.1(4.2)
Underweight (< 18.5 kg/m?) 350(19.3) 55(12.8)
Overweight or obesity (>25 kg/mz) 374 (20.6) 137 (31.9)
Hindu 1492 (82.3) 359 (83.5)
Wealth quintiles
Poorest 324(17.9) 59(13.7)
Very Poor 308 (17.0) 68 (15.8)
Poor 360 (19.8) 91 (21.2)
Less Poor 380 (20.9) 94 (21.9)
Least Poor 442 (24.4) 118 (27.4)
Nuclear family® 609 (33.6) 145 (33.7)

All values are numbers (percentages) unless stated otherwise
? Nuclear family consists of a married couple and their dependent children
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for each participant by performing a principal compo-
nent analysis based on all 33 assets owned by the house-
hold as done in national surveys [15]. The total scores
were used to divide the population into five equal wealth
quintiles: the poorest, very poor, poor, less poor, and least
poor. We calculated unadjusted and adjusted risk ratios
(RR) and their 95% CI for the association between GDM
and adverse pregnancy outcomes (stillbirth, preterm
birth, baby large for gestational age) and need for caesar-
ean section. We also calculated unadjusted and adjusted
RR between early or late GDM with adverse pregnancy
outcomes including caesarean section. All statistical
analyses were performed using STATA version 16 (Stata-
Corp, College Station, TX, USA).

Results
In this study 2294 women were followed up from precon-
ception period till delivery. Socioeconomic and clinical
characteristics of enrolled women before pregnancy are
shown in Table 1. The study population was relatively
young, with a mean (SD) age of 23.8 (3.1) years, about
half of whom had higher than secondary school educa-
tion, and with a monthly family income of about 20,000
INR (about 300 USD). Just over a third (, 34.9%) had
height less than 150 cm. The mean (SD) BMI was 22.2 (4)
kg/m2 and there was dual burden of malnutrition, with
18% women underweight and 22.8% women overweight
or obese (Table 1). We provided the flow diagram in sup-
plementary Fig. 1.

Table 2 shows the proportion of enrolled women who
developed GDM and those who had prediabetes before
pregnancy. 19.2% (95% CI: 17.6 to 20.9) pregnant women

Table 2 Proportion of women with gestational diabetes and with prediabetes before pregnancy

Glycemic status n (%) 95% Cl

Gestational diabetes identified anytime during pregnancy n=2244*

Defined as OGTT > 140mg/dL1 430(19.2) 17610209

Defined as OGTT > 152.9mg/dL2 233(104) 92to 117

Gestational diabetes identified during first trimester pregnancy (Early abnormality) n=1986*

Defined as OGTT > 140mg/dL1 112 (5.6) 471t06.7

Defined as OGTT > 152.9mg/dL.2 69 (3.5) 271044

Gestational diabetes identified during second or third trimester pregnancy (Late abnormal- n=2132*

ity)

Defined as OGTT > 140mg/dL1 318(14.9) 13410 16.5

Defined as OGTT > 152.9mg/dL2 n=2175% 6.5t087
164 (7.5)

HbA1c status at the time of identification of pregnancy n=1854**

<57 1800 (97.1) 96.2t097.8

57t064 50(2.7) 20t0 3.5

> 64 4(0.2) 0.06t0 0.5

' definition based on national guidelines; definition based on WHO guidelines

* 50 women did not have an OGTT during pregnancy: ** 440 missing values for HbA1c
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had GDM using national guidelines (2-h OGTT value of
>140mg/dL). 5.6% (95% CI: 4.7 to 6.7) pregnant women
were diagnosed in the first trimester and 14.9% (95% CI:
13.4 to 16.5) were diagnosed in the second or third tri-
mester. About 0.2% women had diabetes and 2.7% had
prediabetes before pregnancy. Four cases identified with
pre-existing diabetes were excluded from the analysis of
predictors and outcomes of GDM.

Table 3 shows the association between baseline charac-
teristics of women with gestational diabetes (2-h OGTT
>140mg/dL anytime during pregnancy). Higher age
(adjusted odds ratio (AOR) 1.10, 95% CI 1.06 to 1.15 for
each year), higher early-pregnancy BMI (AOR 1.04, 95%
CI 1.01 to 1.07 for each unit) and higher HbAlc (AOR
1.73, 95% 1.23 to 2.44 for each unit) were identified as
risk factors for GDM. Woman’s height was a protective
factor (AOR 0.98, 95% CI 0.96 to 1.00, p=0.027 for each
cm) for GDM.

Women who had prediabetes before pregnancy were at
a higher risk for gestational diabetes (AOR 2.41, 95% CI
1.31 to 4.44, p < =0.005;)

Univariable and multivariable logistic regression was
also performed to ascertain risk factors associated with
GDM using WHO criteria (2-h OGTT >153mg/dL
anytime during pregnancy) and baseline characteristics
of women (Supplementary Table 1). The findings were
similar to those obtained using national criteria (Supple-
mentary Table 1). Univariable and multivariable logistic
regression was also performed to ascertain risk factors
associated with early and late GDM and baseline char-
acteristics of women (Supplementary Table 2). We also
assessed the risk factors for developing GDM any time
during pregnancy categorizing early pregnancy BMI
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(normal BMI, underweight and overweight or obese) and
HbAlc status (<5.7% and >= 5.7%) at pregnancy confir-
mation (Supplementary Table 3). The findings were simi-
lar to Table 3.

Table 4 shows the association of GDM with adverse
pregnancy outcomes in the context where manage-
ment of GDM was supported by the research team. In
this study, there was no significant association of GDM
with stillbirth, preterm birth or LGA and caesarean sec-
tion when we used OGTT >140mg/dL to define GDM.
Similarly, we did not find an increased risk of caesarean
section in pregnant women with GDM defined by WHO
criteria (Supplementary Table 4). We also did not find
any association between early or late GDM with adverse
pregnancy outcomes and caesarean section (Supplemen-
tary Table 5).

Discussion

The main findings of this study are that 19.2% of a pop-
ulation-based cohort of pregnant women from urban
and peri-urban low-to-mid-socioeconomic neighbor-
hoods in South Delhi, India were diagnosed with GDM.
In this population there is a dual burden of malnutrition,
with 18% women being underweight and 22.8% women
being overweight or obese. Older age, higher pre-preg-
nancy BMI and higherHbAlc level at confirmation of
pregnancy were identified as risk factors for GDM and
higher height was a protective factor. Women with GDM,
received appropriate treatment in this study and did not
have an increase in adverse outcomes such as stillbirths,
preterm births and large for gestational age babies but
were more likely to give birth by caesarean section than
women without GDM.

Table 3 Potential risk factors for developing gestational diabetes (2-h OGTT >140mg/dL anytime during pregnancy) in enrolled

women

Risk factors for GDM

Unadjusted OR (95% Cl)

Adjusted OR (95% Cl)

Age (per 1year)

Height (per 1cm)

Schooling (per 1year)

Working outside home

Nuclear family

Wealth quintile

Poorest

Very Poor

Poor

Less Poor

Least Poor

Non-Hindu religion

Pre-pregnancy BMI (kg/m2) (per 1 unit)
HbA1c (%) at pregnancy confirmation (per 1 percentage)

1.13(1.09 t0 1.17); p<0.001
0.99 (0.97 t0 1.00); p=0.137
1.01 (0.98 to 1.03); p=10.658
0.84 (0.50 to 1.40); p=0.500
1.01 (0.81 to 1.26); p=0.953
Reference

121(0.83 10 1.78); p=0323
139 (097 to 1.99); p=0.074
136 (0.95 to 1.94); p=0.093
147 (1 O4to207)p 0029
092 (06910 121); p=0.543
1.07 (1.05 to 1.10); p < 0.001
205 (1 47to287) p<0001

0(1.06 to 1.15); p<0.001
0.98 (0.96 to 1.00); p=0.027
0.99 (0.96 to 1.02); p=0.569
0.99 (0.57 to 1.72); p=0.964
0.97 (0.74 t0 1.28); p=0.837

Reference
.16 (0.76 to 1.80); p= 0491
31(0.86 t0 2.01); p=0.204
7(0.751t0 1.81); p=0.490
34 (0.87 t0 2.07); p=0.187
O90(O65t0124)p 0.519
04 (1.01t0 1.07);p=0.013
73 (1.23 t0 2.44); p=0.002
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Table 4 Association between gestational diabetes mellitus (2-h OGTT > 140 mg/dL) and adverse pregnancy outcomes

Outcome No GDM GDM Unadjusted Adjusted RR?
n (%) n (%) RR (95% ClI) (95% CI)

Stillbirth N=1782 N=430 0.52(0.16t0 1.71) 0.55(0.16 to 1.84)
24(13) 3(0.7)

Preterm birth N=1782 N=430 0.86 (0.65 to 1.16) 0.77 (053 to 1.11)
230(129) 48(11.2)

Large for gestational age N=1627 N=406 1.53(0.68t0 3.42) 1.11 (049 to0 2.52)
21(13) 8(2.0)

Caesarean section N=1757 N=427 1.17(1.01 to 1.36) 1.05 (0.87 to 1.26)
519 (29.5) 148 (34.7)

2 adjusted for maternal age, height, years of schooling, early pregnancy (gestational age < 20 weeks) BMI, HbA1¢, religion, type of family, family wealth quintiles

Previous studies have shown a wide variation in the
prevalence of GDM from different states in India [8,
16-18]. The geographical differences in prevalence
of gestational diabetes have been attributed to differ-
ences in mean age, BMI and socioeconomic status of
pregnant women from different regions of the country
[19]. Using the same cut-off (WHO, 2-h blood sugar
>153mg/dL) for defining GDM, the prevalence of
GDM in our study was almost similar (10.4%) as that
in developed countries (12.5 to 25.5%) [6]. Our find-
ings related to adverse pregnancy outcomes are similar
to previous studies which have shown that treatment of
GDM reduces the incidence of fetal macrosomia, mor-
tality, birth trauma, and caesarean section deliveries
[20, 21].

A major strength of our study is that it is a popula-
tion-based assessment of GDM in women belong-
ing to the low to mid socioeconomic strata, which is
more representative of the average Indian population.
In addition to providing the burden and risk factors of
GDM, we also studied the association of this condi-
tion, when it was identified early and managed appro-
priately, with adverse pregnancy outcomes. The study
also examined the risk associated with pre-diabetes at
the time of pregnancy identification with GDM, and
with adverse pregnancy outcomes. We used a single 2-h
OGTT value at any time during pregnancy to detect
GDM, which is feasible in a setting like India, where
the pregnant women may not return after the first visit
due to financial constraints, lack of accessibility of a
health care centre and other reasons. Some limitations
merit consideration. OGTT was carried on fasted and
non-fasted patients which could result in false-posi-
tive GDM cases [22]. The high incidence of GDM may
not be generalizable to other low- and middle-income
countries as different criteria have been used to define
GDM in countries [5].

This study has important programmatic implica-
tions. First, the high burden of GDM even in low

socio-economic populations highlights the need to
focus on its prevention, early detection and manage-
ment in antenatal care programmes. Secondly, pre-
ventive interventions should target key risk factors
including lowering the prevalence of obesity and over-
weight in women of reproductive age and detecting
and managing pre-diabetes. Finally, early detection and
appropriate management is not likely to increase the
adverse pregnancy outcomes associated with GDM.

Conclusions

A substantial proportion of pregnant women from urban
and peri-urban low-to-mid-socioeconomic neighbor-
hoods in Delhi had GDM, with older age, higher BMI and
pre-diabetes as important risk factors and taller woman
as a protective factor. These findings highlight the need
for interventions for prevention and provision of appro-
priate management of GDM in antenatal programmes.
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