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Graphical Abstract

Highlights

• Of the 1468 South Asian women with gestational diabetes, 213 (14.5%)

women developed diabetes over median follow-up 1.8 years after childbirth,

an incidence rate of 8.7/100 women-years.

• The incidence rates for participants with any one, two, and three abnormal

values on antenatal oral glucose tolerance test (OGTT) were 4.3, 8.3 and

19.0/100 women years.

• The rates of future diabetes in this high-risk cohort varied considerably with

antenatal OGTT values, providing the opportunity for targeted intervention

to prevent future diabetes.

Study registration: The study was registered with the Clinical Trials Registry of India (CTRI/2017/06/008744), Sri Lanka Clinical Trials Registry
(SLCTR/2017/001), and ClinicalTrials.gov (NCT03305939).
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Abstract

Objectives: To explore associations between type and number of abnormal

glucose values on antenatal oral glucose tolerance test (OGTT) with postpar-

tum diabetes in South Asian women diagnosed with gestational diabetes

Study registration: The study was registered with the Clinical Trials Registry of India (CTRI/2017/06/008744), Sri Lanka Clinical Trials Registry
(SLCTR/2017/001), and ClinicalTrials.gov (NCT03305939).
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(GDM) using International Association of the Diabetes and Pregnancy Study

Groups criteria.

Methods: This post-hoc evaluation of the Lifestyle Intervention IN Gesta-

tional Diabetes (LIVING) study, a randomized controlled trial, was conducted

among women with GDM in the index pregnancy, across 19 centers in

Bangladesh, India, and Sri Lanka. Postpartum diabetes (outcome) was defined

on OGTT, using American Diabetes Association (ADA) criteria.

Results: We report data on 1468 women with GDM, aged 30.9 (5.0) years, and

with median (interquartile range) follow-up period of 1.8 (1.4–2.4) years after
childbirth following the index pregnancy. We found diabetes in 213 (14.5%)

women with an incidence of 8.7 (7.6–10.0)/100 women-years. The lowest inci-

dence rate was 3.8/100 women years, in those with an isolated fasting plasma

glucose (FPG) abnormality, and highest was 19.0/100 women years in partici-

pants with three abnormal values. The adjusted hazard ratios for two and three

abnormal values compared to one abnormal value were 1.73 (95% confidence

interval [CI], 1.18–2.54; p = .005) and 3.56 (95% CI, 2.46–5.16; p < .001) respec-

tively. The adjusted hazard ratio for the combined (combination of fasting and

postglucose load) abnormalities was 2.61 (95% CI, 1.70–4.00; p < .001), com-

pared to isolated abnormal FPG.

Conclusions: Risk of diabetes varied significantly depending upon the type

and number of abnormal values on antenatal OGTT. These data may inform

future precision medicine approaches such as risk prediction models in identi-

fying women at higher risk and may guide future targeted interventions.

KEYWORD S

antenatal OGTT, gestational diabetes mellitus, postpartum, risk prediction, South Asia, type
2 diabetes mellitus

1 | INTRODUCTION

Gestational diabetes mellitus (GDM) is a risk factor for
future diabetes and cardiovascular diseases.1 Guidelines
advise that women with GDM must be followed annually
after childbirth, evaluated preferably with an oral glucose
tolerance test (OGTT), and by less labor-intensive tests
like fasting plasma glucose (FPG) or glycated hemoglobin
(HbA1c), where OGTT is not feasible. If a woman is
found to have prediabetes/diabetes, she should be offered
lifestyle modification with or without pharmacother-
apy.2,3 The annual burden of GDM globally is estimated
at 16.9 million.1,4 Widespread postpartum screening for
diabetes has resource implications. It presents a signifi-
cant burden on individuals and the healthcare system,
especially in low and middle-income countries (LMICs),
which are often poorly equipped to handle this load.5,6

Therefore, the concept of precision medicine is gaining
prominence among models of post-GDM care.7 Identify-
ing high-risk patients helps concentrate resources for

individuals at immediate and highest risk of developing
disease. Pragmatic implementation requires risk identifi-
cation using simple, routinely available health data.

Previous research has examined the association
between routinely available antenatal OGTT values and
future incident diabetes. The type of abnormality (fasting
or postglucose load), the number of abnormal values, and
the various cutoff points have been explored. Moore et al
investigated associations between fasting and 2-h post
OGTT glucose values with future diabetes in 17 studies.7

Notably, none of the included studies in this analysis
used the International Association of the Diabetes and
Pregnancy Study Groups (IADPSG) criteria, which are
currently widely adopted. Further, the meta-analysis was
not possible for 1-h values due to inadequate data. Two
recent additional studies, from Canada (n = 20 513 with
GDM; median follow-up of 4.4 years) and Singapore
(N = 942 with GDM, evaluated at 6–12 weeks postpar-
tum), explored the relationship between the OGTT type
and the future risk of diabetes for women diagnosed
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using IADPSG criteria.8,9 Both studies found significant
differences in future risk of diabetes based on OGTT type.
Given that GDM diagnosed using IADPSG criteria is
milder with a lower risk of future diabetes than that with
other criteria, identifying high-risk women with a history
of IADPSG criteria becomes even more crucial for judi-
cious use of limited resources.10–12

Given the high risk of developing diabetes after GDM
in South Asia and the limited data in LMICs using
IADPSG criteria, we aimed to complete a Lifestyle Inter-
vention IN Gestational Diabetes (LIVING) trial substudy
to explore associations between type and number of
abnormal glucose values on antenatal OGTT with post-
partum diabetes in South Asian women diagnosed with
past GDM using IADPSG criteria.

We seek to address key gaps and enhance under-
standing of diabetes risks to inform prevention
approaches considering limited resources in LMICs.

2 | METHODS

2.1 | Settings and study design

This study is a post-hoc analysis of the LIVING trial.13

This study represents a prospective cohort study within a
randomized trial. Because there were no differences
among women for incident diabetes in both randomized
arms, data from both arms were combined. In addition,
we included women who were not randomized (either
due to diabetes or other reasons) but were part of the pre-
randomization assessment (details provided ahead). LIV-
ING was an investigator-initiated trial involving
19 clinical centers in Bangladesh, India, and Sri Lanka.
Ethics Review Committees of the All India Institute of
Medical Sciences (India), Centre for Chronic Disease
Control (India), ICDDR,B (Bangladesh), Faculty of Medi-
cine, University of Kelaniya (Sri Lanka), the University of
Sydney (Australia), and (where required) individual hos-
pitals approved the study. We obtained written informed
consent from all study participants.

2.2 | Trial overview

In the LIVING trial,13 we evaluated women with a recent
diagnosis of GDM. We randomized 1601 women who did
not have diabetes at the first postpartum visit (prerando-
mization) in 1:1 to lifestyle intervention vs usual care.
The primary outcome was worsening of glycemia (nor-
mal to prediabetes/diabetes or prediabetes to diabetes)
based on OGTT using American Diabetes Association cri-
teria.14 The intervention did not affect the primary out-
come with no difference in glycemic status compared to

usual care (25.5% vs 27.1%; hazard ratio, 0.92 [95% confi-
dence interval (CI), 0.76–1.12]; p = .42). Due to the lack
of significant differences in the primary and secondary
outcomes, including weight, and diabetes rates, we used
the dataset from both arms for the current study. In addi-
tion, we included those who underwent testing (postpar-
tum OGTT) as part of the baseline visit but did not
undergo randomization either due to the detection of dia-
betes or were excluded/not enrolled in the trial for other
reasons.

2.3 | Participant numbers for this study

In the LIVING study, out of 3389 registered participants
with GDM, 1823 individuals had an OGTT at the first
postpartum visit. Of these, 160 individuals (8.8%) had
type 2 diabetes, 51 individuals were excluded for other
reasons (2 women [0.1%] met other exclusion criteria,
49 women [2.7%] did not consent or were uncontactable),
and 1612 individuals were randomized. Eleven random-
ized participants were subsequently identified as ineligi-
ble and excluded from the primary analysis, leaving 1601
women.5 This substudy included all these 1823 individ-
uals except 340, for whom we did not have information
on all three values of antenatal OGTT or were diagnosed
before 24 weeks gestation and 15, for whom we lacked
information on the date of delivery required for this anal-
ysis. The final sample size for this study is 1468
(Figure 1). Overall, this analysis represents a longitudinal
cohort within a randomized controlled trial. When the
event of interest (diabetes) was captured at prerandomi-
zation visits, such participants were excluded from the
trial. Data from these participants would similarly also
have been censored if the primary investigative approach
had been a predesigned prospective cohort study to assess
factors causally associated with incident diabetes. All
other participants without diabetes were included in the
randomized controlled trial and further followed up for
incident diabetes (the same as would have been done if it
been a predesigned prospective cohort study). As the first
assessment visit for this study happened after the stan-
dard 6–12 weeks window, it is challenging to classify dia-
betes found at prerandomization visits as prevalent
(preexisting) or incident diabetes. Some cases may
represent the former. Further planned termination of
follow-up occurred for the randomized participants if a
participant became pregnant.

2.4 | Study objectives

This study aimed to assess the association between type
of abnormalities in glucose values on antenatal OGTT
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and the incidence of diabetes after childbirth (outcome
variable) in women with GDM in an index pregnancy
using three glucose-based classifications.

2.5 | Classifications based on exposure
variable

We explored and compared the incidence of diabetes
across these three different classifications.

1. For (a) isolated abnormal 0 h value (FPG) (1- and
2-h values being normal), (b) isolated abnormal 1 h
value (0 and 2-h values being normal), (c) isolated
abnormal 2-h value (0 and 1-h values being normal),
(d) abnormal 0 and 1-h values (2-h value being nor-
mal), (e) abnormal 0 and 2-h values (1-h value being
normal), (f) abnormal 1- and 2-h values (0 h value
being abnormal), and (g) all abnormal values (0, 1-,
and 2-h values).

2. Isolated abnormal FPG (only 0 h value abnormal),
isolated postglucose load abnormality (1- and/or 2-h
value(s) abnormal) and combination of fasting (0 h) and
postglucose load (1- and/or 2-h) abnormalities.

3. For one (isolated 0, or 1- or 2-h value, categories a,
b, or c as defined under point 1), two (categories d, e, or f
as defined under point 1) or three (category g as defined
under point 1) abnormal values on OGTT.

The abnormal values for 0, 1-, and 2-h were defined
as per the IADPSG criteria, that is, 0 h ≥92 mg/dL
(≥5.2 mmol/L), 1 h ≥180 mg/dL (≥ 10 mmol/L), and 2 h
≥153 mg/dL (≥8.5 mmol/L).15

2.6 | Participant identification, inclusion
and exclusion criteria

Eligible study participants were women diagnosed with
GDM using IADPSG criteria based on OGTT results at
24–34 weeks of gestation, except for those excluded due
to lack of complete information. Trial exclusion criteria
also included;

1. Travel time to hospital >2 h,
2. Lack of availability of a household mobile

telephone,
3. Use of steroids during pregnancy (other than for

fetal lung maturation), and

FIGURE 1 Study flow of this

LIVING substudy. GDM, gestational

diabetes; LIVING, Lifestyle Intervention

IN Gestational Diabetes; OGTT, oral

glucose tolerance test.
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4. High likelihood of moving residence within the
subsequent 3 years.

2.7 | Procedure on the day of testing

We invited the participants for a baseline visit and OGTT
(minimum fast of 8 hours) between 3 and 18 months fol-
lowing childbirth. We obtained venous plasma glucose in
the fasting state, and 2 h after ingestion of 82.5 g of glu-
cose monohydrate (equivalent to 75 g of anhydrous
glucose), dissolved in 250–300 mL water and consumed
over 5–10 min. We collected information on demo-
graphics, education, employment, prior history of GDM
(before the index pregnancy), and other relevant medi-
cal/obstetric history at the baseline visit.

2.8 | Definitions of outcomes

Postpartum glycemic and diabetes categories were
defined based on fasting [≥7.0 mmol/L] and 2-h
[≥11.1 mmol/L] blood glucose levels from the OGTT.14

The outcome was measured at the first postpartum visit
(the prerandomization visit conducted 3–18 months after
delivery) for the women who were not randomized and
at the last available follow-up for the randomized partici-
pants. The follow-up was conducted every 6 months, to a
maximum of 36 months from randomization visit for the
randomized participants.

2.9 | Statistical analysis

We have presented data using descriptive statistics, as fre-
quency and proportion for categorical variables and as
mean and SD or median and interquartile range for con-
tinuous variables. Person-time and incidence rate of dia-
betes (ie, the number of events divided by the person
time) were calculated from the date of childbirth to the
diagnosis of diabetes (for participants who experienced
the event, ie, developed diabetes) or to the last available
OGTT (for participants who did not experience the event,
ie, did not develop diabetes). Median follow-up time was
calculated by reversing the Kaplan–Meier estimate as
suggested by Schemper and Smith.16 Cox proportional
hazards model was used to analyze the time to the devel-
opment of diabetes with the study center as a random
effect. Adjusted analyses included age, education,
employment, prior GDM history, family history of diabe-
tes, pregnancy count, and body mass index (BMI) cate-
gory. The covariates selected for adjustment are well-

known risk factors for diabetes and can have an indepen-
dent association with diabetes. Analyses were conducted
in STATA BE V17.0 for Windows (StataCorp LLC, Col-
lege Station, TX, USA). No imputation for missing data
was conducted.

3 | RESULTS

3.1 | Baseline characteristics

We evaluated 1468 women with mean age (SD) of 30.9
(5.0) years. The median follow-up after childbirth fol-
lowing the index pregnancy was 1.8 (1.4–2.4) years.
There were 503 (35.3%) women with education higher
than secondary school, and 241 (16.9%) were employed.
Prior history of GDM (other than in the index preg-
nancy) and family history of diabetes were present in
96 (6.7%) and 648 (45.5%), respectively. There were
298 (21.0%) women who were obese (BMI ≥30 kg/m2),
548 (38.7%) who were overweight (BMI: 25.0–29.9 kg/
m2), and 42 (3.0%) who were underweight (BMI
<18.5 kg/m2). We found diabetes in 213 (14.5%) women
with an incidence rate of 8.7 (7.6–10.0)/100 women-
years. The baseline characteristics are presented in
Table 1.

3.2 | Association of abnormal values on
OGTT either isolated or in various
combinations with future diabetes

Elevated 0 h (FPG), 1-h, and 2-h values on antenatal
OGTT were present in 72.3%, 56.6%, and 47.0% of partici-
pants (Table 2). The incidence rates for future diabetes
based on 0 h, 1-h, and 2-h values in the study were 9.8,
11.9, and 12.4/100 women-years, respectively (Table 3).
There were 46.6% of the participants who had only one
value elevated on antenatal OGTT, and 22.5% had all ele-
vated values. Of the participants with only one elevated
value, 29.4%, 9.1%, and 8.1% had elevated values at 0 h,
1 h, and 2 h, respectively. In participants with dual ele-
vated values, 0 and 1-h values were the most common
combination (Table 2). The incidence rate of diabetes was
19.0/100 women years (15.6 to 23.1) in those with all ele-
vated values compared to 3.8/100 women years in those
with only isolated FPG abnormality (Table 3), with an
adjusted hazard ratio of 3.60 (95% CI, 2.30–5.64;
p < .001). The adjusted hazard ratio was also significantly
elevated ((1.85 [95% CI, 1.10–3.11; p = .020] for the 0 and
1-h combination compared to the isolated FPG elevation
(Table 4).
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3.3 | Association of isolated fasting,
isolated postglucose load (1-h or 2-h) and a
combination of fasting and postglucose
load abnormalities with future type
2 diabetes

Isolated FPG, postglucose load (1-h or 2-h) PG, and a
combination of FPG and postglucose load PG abnormali-
ties were seen in 29.4%, 27.7%, and 42.9% participants,
respectively (Table 2]. The corresponding incidence rates
for diabetes were 3.8, 5.9, and 14.3/100 women years

TABLE 2 Distribution of participants based on different

classifications of abnormal antenatal oral glucose tolerance test.

Variables
Total
N = 1468

FPG ≥ 92 mg/dL (n, %)

No 406 (27.7%)

Yes 1062 (72.3%)

Glucose 1-h post OGTT ≥ 180 mg/dL (nn, %)

No 637 (43.4%)

Yes 831 (56.6%)

Glucose 2-h post OGTT ≥ 153 mg/dL (n, %)

No 778 (53.0%)

Yes 690 (47.0%)

Classification 1 (n, %)

Only FPG abnormal 432 (29.4%)

Only 1-h post OGTT abnormal 133 (9.1%)

Only 2-h post OGTT abnormal 119 (8.1%)

Abnormal FPG and 1-h post OGTT 213 (14.5%)

Abnormal FPG and 2-h post OGTT 86 (5.9%)

Abnormal 1-h and 2-h post OGTT 154 (10.5%)

All measures abnormal 331 (22.5%)

Classification 2 (n, %)

Only FPG abnormal 432 (29.4%)

Normal FPG and abnormal 1-h or 2-h post
OGTT

406 (27.7%)

Abnormal FPG and abnormal 1-h or 2-h
post OGTT

630 (42.9%)

Classification 3 (n, %)

1 of 3 deranged 684 (46.6%)

2 of 3 deranged 453 (30.9%)

3 of 3 deranged 331 (22.5%)

Abbreviations: FPG: fasting plasma glucose during pregnancy; 1-h post
OGTT: glucose 1-hour post OGTT during pregnancy; 2-h post OGTT:
glucose 2-h post OGTT during pregnancy.

TABLE 1 Baseline characteristics.

Variables
Total
N = 1468

Age, (years) (mean, SD) 30.9 (5.0)

Religion (n, %)

Buddhist 262 (18.4%)

Christian 150 (10.5%)

Hindu 564 (39.6%)

Muslim 416 (29.2%)

Sikh 28 (2.0%)

Other 4 (0.3%)

Education (n, %)

Secondary school or below 920 (64.7%)

Higher than secondary school 503 (35.3%)

Employment (n, %)

Unemployed 1182 (83.1%)

Employed 241 (16.9%)

Gravida (median, IQR) 2.0 (1.0–3.0)

Prior history of gestational diabetes (n, %)

No 1327 (93.3%)

Yes 96 (6.7%)

Family history of diabetes in first-degree relatives (n, %)

No 775 (54.5%)

Yes 648 (45.5%)

Body weight, kg (mean, SD) 63.0 (11.7)

Body mass index, kg/m2 (mean, SD) 26.5 (4.6)

Body mass index classification (n, %)

Underweight 42 (3.0%)

Normal weight 529 (37.3%)

Overweight 548 (38.7%)

Obese 298 (21.0%)

Waist circumference, cm (mean, SD) 89.2 (11.9)

Systolic blood pressure, mmHg (mean, SD) 112.9 (11.4)

Diastolic blood pressure, mmHg (mean,
SD)

74.8 (9.1)

Fasting plasma glucose during pregnancy,
mg/dL (mean, SD)

96.4 (10.8)

Glucose 1 h post OGTT during pregnancy,
mg/dL (mean, SD)

179.7 (31.0)

Glucose 2 h post OGTT during pregnancy,
mg/dL (mean, SD)

146.8 (29.0)

Note: N varies by variable. BMI classification: underweight (<18.5 kg/m2);
normal weight (18.5–24.9 kg/m2); overweight (25.0–29.9 kg/m2); obese
(>30.0 kg/m2).

Abbreviations: BMI, body mass index; IQR, interquartile range; OGTT, oral
glucose tolerance test.
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(Table 3). The adjusted hazard ratio for the combined
abnormalities was 2.61 (95% CI, 1.70–4.00; p < .001),
compared to isolated abnormality of FPG (Table 4).

3.4 | Association between the number of
values deranged and future risk for type
2 diabetes

The incidence rates for participants with one, two, and
three abnormal values were 4.3, 8.3, and 19.0/100
women-years, respectively. The adjusted hazard ratio for
two and three abnormal values compared to one

abnormal value was 1.73 (95% CI, 1.18–2.54; p = .005)
and 3.56 (95% CI, 2.46–5.16; p < .001), respectively.

4 | DISCUSSION

We evaluated 1468 women at a median of 1.8 (1.4–2.4)
years after childbirth from the index pregnancy with
GDM. We found diabetes in 213 (14.5%) women with an
incidence rate of 8.7 (7.6–10.0)/100 women-years. The
incidence rate varied significantly from 3.8/100 women-
years in those with isolated FPG abnormality (constitut-
ing 29.4% of the total women) to 19.0/100 women-years

TABLE 3 Incidence rates of diabetes per 100 person-years based on different classifications of abnormal antenatal oral glucose

tolerance test.

Classification Person-time Events Incidence rate (95% CI)

Overall 2443.8 213 8.7 (7.6–10.0)

Classification 1

Only FPG abnormal 742.9 28 3.8 (2.6–5.5)

Only 1-h post OGTT abnormal 229.3 12 5.2 (3.0–9.2)

Only 2-h post OGTT abnormal 200.8 11 5.5 (3.0–9.9)

Abnormal FPG and 1-h post OGTT 345.3 33 9.6 (6.8–13.4)

Abnormal FPG and 2-h post OGTT 135.3 11 8.1 (4.5–14.7)

Abnormal 1-h and 2-h post OGTT 264.5 18 6.8 (4.3–10.8)

All measures abnormal 525.8 100 19.0 (15.6–23.1)

Classification 2

Only FPG abnormal 742.9 28 3.8 (2.6–5.5)

Normal FPG and abnormal 1-h or 2-h post
OGTT

694.6 41 5.9 (4.3–8.0)

Abnormal FPG and abnormal 1-h or 2-h post
OGTT

1006.3 144 14.3 (12.2–16.8)

Classification 3

1 of 3 deranged 1173.0 51 4.3 (3.3–5.7)

2 of 3 deranged 745.0 62 8.3 (6.5–10.7)

3 of 3 deranged 525.8 100 19.0 (15.6–23.1)

FPG ≥ 92 mg/dL

No 694.6 41 5.9 (4.3–8.0)

Yes 1749.2 172 9.8 (8.5–11.4)

Glucose 1-h post OGTT ≥ 180 mg/dL

No 1079.0 50 4.6 (3.5–6.1)

Yes 1364.8 163 11.9 (10.2–13.9)

Glucose 2-h post OGTT ≥ 153 mg/dL

No 1317.5 73 5.5 (4.4–7.0)

Yes 1126.3 140 12.4 (10.5–14.7)

Note: The median follow-up time is 1.8 (IQR 1.4 to 2.4) years. The total number of events is 213 of 1468 (14.5%).
Abbreviations: CI, confidence interval; FPG: fasting plasma glucose during pregnancy; 1-h post OGTT: glucose 1-hour post OGTT during pregnancy; 2-h post
OGTT: glucose 2-h post OGTT during pregnancy.
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TABLE 4 Hazard ratios based on different classifications of abnormal antenatal oral glucose tolerance test.

Variables

Unadjusted Adjusted

HR (95% CI) p value HR (95% CI) p value

Classification 1

Only FPG abnormal Ref Ref Ref Ref

Only 1-h post OGTT abnormal 1.35 (0.69– 2.66) .384 1.05 (0.53–2.07) .898

Only 2-h post OGTT abnormal 1.29 (0.63–2.67) .484 1.00 (0.47–2.14) .998

Abnormal FPG and 1-h post OGTT 2.65 (1.60–4.38) <.001 1.85 (1.10–3.11) .020

Abnormal FPG and 2-h post OGTT 2.22 (1.11–4.47) .025 1.64 (0.79–3.43) .186

Abnormal 1-h and 2-h post OGTT 1.81 (1.00–3.28) .049 1.65 (0.90–3.02) .107

All measures abnormal 5.04 (3.31–7.66) <.001 3.60 (2.30–5.64) <.001

Classification 2

Only FPG abnormal Ref Ref Ref Ref

Normal FPG and abnormal 1-h or 2-h post OGTT 1.51 (0.93–2.44) .097 1.20 (0.73–1.97) .471

Abnormal FPG and abnormal 1-h or 2-h post OGTT 3.86 (2.58–5.79) <.001 2.61 (1.70–4.00) <.001

Classification 3

1 of 3 deranged Ref Ref Ref Ref

2 of 3 deranged 2.02 (1.39–2.94) <.001 1.73 (1.18–2.54) .005

3 of 3 deranged 4.49 (3.20–6.31) <.001 3.56 (2.46–5.16) <.001

Note: Cox-proportional hazards model, with study center as random effect. Adjusted for age, education, employment, gravida, history of gestational diabetes
mellitus, family history of diabetes, and body mass index classification.
Abbreviations: CI, confidence interval; FPG: fasting plasma glucose during pregnancy; HR, hazard ratio; 1-h post OGTT: glucose 1-hour post OGTT during
pregnancy; 2-h post OGTT: glucose 2-h post OGTT during pregnancy.

FIGURE 2 Key findings of this study. GDM, gestational diabetes; IADPSG, International Association of the Diabetes and Pregnancy

Study Groups; OGTT, oral glucose tolerance test.
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in those with all three abnormal values in OGTT (consti-
tuting 22.5% of the total women). The incidence rate was
8.3/100 women-years when two values were abnormal
compared to 4.3/100 women-years when only one was
abnormal. The results suggest a marked gradation in the
risk of future diabetes, depending upon the number of
values or type of abnormalities on an antenatal OGTT
conducted for diagnosing GDM. We have summarized
the main findings in Figure 2.

A meta-analysis of 17 studies (with publication dates
up to February 2020) to assess the association between
antepartum OGTT and the future risk of diabetes in
women with GDM, found that the odds for future diabe-
tes were 3.62 and 3.96 when fasting or 2-h OGTT values
respectively were elevated.7 Though informative, the
meta-analysis is less relevant in the current scenario, as
the studies were all done before 2010, when women with
overt diabetes were included with GDM. None of the past
studies used IADPSG criteria, which are currently
broadly adopted. There was also no representation from
South Asia. Our study overcomes some limitations in this
meta-analysis and previous research and also has a par-
ticipant sample (n = 1468) greater than in the largest
study (n = 1263) in the meta-analysis.

A 2023 study of 177 241 women in Israel reported an
association of the incidence of diabetes for women with
prior GDM who were diagnosed based on a two-step
strategy, with OGTT conducted by Carpenter and Cou-
stan criteria.17 The diabetes incidence was 3.4-fold for
women with abnormal glucose challenge test and normal
OGTT, and 9.1-fold higher in women with an abnormal
value on OGTT at 10.8 years of median follow-up after
childbirth. Women with an abnormal challenge and an
isolated abnormal FPG had 11.8-fold higher risk for
future diabetes. The risk of future diabetes varied from
11- to 61-fold higher depending upon the number of
values deranged. The rates reported in this study are
higher, possibly due to the two-stage testing, longer
follow-up, and values extending to four in the Carpenter
and Coustan criteria compared to three in the IADPSG
criteria.

Another recent study explored the association
between antenatal OGTT and the future risk of diabetes
for women diagnosed with GDM using IADPSG criteria
in 20 513 women in Ontario, Canada.8 Based on median
follow-up of 4.4 years, the overall incidence rates were
1.4 and 0.2 per 100 women-years in women with and
without GDM, respectively. The incidence rates for future
diabetes based on one, two, or three abnormal values
were 0.7, 1.6, and 4.0/100 women-years respectively. The
corresponding rates in our study were 4.3, 8.3, and
19.0/100 women years. The risk for future diabetes in
women with three, compared to one abnormal OGTT

value, was 5.7-fold higher in the study in Canada and
4.4-fold higher in our study in South Asia. The incidence
rates for future diabetes based on 0 h, 1-h, and 2-h values
in Canada were 2.5, 1.7, and 1.7/100 women years. The
corresponding figures were 9.8, 11.9, and 12.4/100
women years in our study. Interestingly, the diabetes
rates were lower with FPG abnormality in our study com-
pared to those in Canada. Even in the antepartum period,
the studies in other ethnicities suggest that women hav-
ing abnormal FPG compared to 1-h and/or 2-h abnormal-
ities have unfavorable metabolic profiles in early
pregnancy and higher rates of pregnancy complications
and requirement of insulin in pregnancy.18–20 There have
been limited data on postpartum diabetes. It will be cru-
cial to explore ethnic differences in postpartum glycemia
based on antenatal OGTT values and mechanistic
insights in future studies. A study in Singapore with
942 women and a follow-up of 6–12 weeks postpartum
found a relative risk of 44.5 for future diabetes, when all
three OGTT values were abnormal, compared to isolated
FPG abnormality. In contrast, we found a hazard ratio of
3.60 (2.30–5.64) for a similar comparison. The results sug-
gest that the degree of association between antenatal
OGTT phenotype and future diabetes vary significantly
by country and ethnicity. The variation in findings could
also be due to differences in follow-up periods, demo-
graphic factors, and the relative contribution of different
pathophysiological defects in the pathogenesis of
diabetes.

It is logical to assume that the risk of future diabetes
should increase as the number of abnormal values on
antenatal OGTT increases. However, from a public health
perspective, precise information helps plan targeted inter-
ventions for diabetes prevention. In the LIVING study,
we found no benefit of a low-intensity lifestyle interven-
tion for behavior modification,13 and we propose that
either a high-intensity intervention or pharmacotherapy,
such as metformin, should be evaluated in this high-risk
South Asian population. However, the reality is that the
health care system does not have the resources to deliver
high-intensity lifestyle interventions, nor will all women
be willing to take pharmacotherapy to prevent diabetes.
Therefore, there is a need to identify from a broader pool
of women with GDM, diagnosed based on pregnancy
risks, those who are at highest risk for future diabetes.
For instance, if we define women with annual incidence
rates of >10/100 women years at high risk for future dia-
betes, this includes women with at least two abnormal
values (including an abnormal FPG value) (42.9%). Simi-
larly, if an annual incidence rate of <5/100 women years
is classified as low risk, individuals with isolated FPG
abnormality (29.2%) will fall in this category. This simple
information can inform broad risk groupings and enable
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targeted interventions. This classification into low-,
intermediate- (5–10/100 women-years), and high-risk cat-
egories can help select women for different interventions.
Such an approach can also inform follow-up monitoring
strategies required for women with different levels
of risk.

Strengths and limitations: This study reports data on
the future risk of diabetes based on the type of antena-
tal OGTT abnormality and is the second largest study,
the only one in South Asia, and applies the IADPSG
criteria. Our findings inform the planning of future tri-
als and monitoring in this field, especially in South
Asia. The study has some limitations: data are predomi-
nantly from urban centers and cannot be generalized to
the whole South Asian population. Follow-up is rela-
tively short, and the degree of association may change
with longitudinal follow-up, with an anticipated
increase in event rates.

Conclusion: This is the first such study from South
Asia using IADPSG criteria for the diagnosis of diabetes.
Risk of future diabetes was high in South Asian women
and varied significantly depending upon the type and
number of abnormal values on antenatal OGTT. The
most prevalent abnormality was an elevated FPG in
72.3% of women, with 29.4% with one elevated value hav-
ing a high FPG. The incidence rate of diabetes varied by
OGTT abnormality and combinations and was 19.0 /100
women years with all elevated values compared to 3.8
/100 women years with isolated FPG abnormality. Over-
all, women with only one abnormal value had relatively
low risk (incidence <5/100 women-years) of postpartum
diabetes. Our findings could guide targeted approaches
for ongoing OGTT monitoring and inform future inter-
ventions, based on simple available measures from ante-
natal OGTTs, especially for the urban South Asian
population, where the future risk of diabetes is relatively
high, compared to other ethnicities.
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