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Abstract

Background

The burden of Gestational Diabetes Mellitus (GDM) is very high in south Asia (SA) and

southeast Asia (SEA). Thus, there is a need to understand the prevalence and risk factors

for developing prediabetes and type 2 diabetes mellitus (T2DM) postpartum, in this high-risk

population.

Aim

To conduct a systematic review and meta-analysis to estimate the prevalence of prediabe-

tes and T2DM among the women with history of GDM in SA and SEA.

Methods

A comprehensive literature search was performed in the following databases: Medline,

EMBASE, Web of Knowledge and CINHAL till December 2021. Studies that had reported

greater than six weeks of postpartum follow-up were included. The pooled prevalence of

diabetes and prediabetes were estimated by random effects meta-analysis model and I2

statistic was used to assess heterogeneity.

Results

Meta-analysis of 13 studies revealed that the prevalence of prediabetes and T2DM in post-

GDM women were 25.9% (95%CI 18.94 to 33.51) and 29.9% (95%CI 17.02 to 44.57)

respectively. Women with history of GDM from SA and SEA seem to have higher risk of

developing T2DM than women without GDM (RR 13.2, 95%CI 9.52 to 18.29, p<0.001). The
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subgroup analysis showed a rise in the prevalence of T2DM with increasing duration of fol-

low-up.

Conclusion

The conversion to T2DM and prediabetes is very high among women with history of GDM in

SA and SEA. This highlights the need for follow-up of GDM women for early identification of

dysglycemia and to plan interventions to prevent/delay the progression to T2DM.

Introduction

There is a rapid increase in the prevalence of T2DM and the age of onset seems to be reducing

globally [1]. It is estimated that 783 million adults will be affected by diabetes by 2045 [2].

South Asia (SA) and the southeast Asian (SEA) region are among the regions with the highest

number of people having diabetes [3].

GDM is defined as glucose intolerance or hyperglycaemia that is first recognized or diag-

nosed in pregnancy [4]. It is estimated that GDM can affect more than 20 million live births

every year [2, 4, 5]. Out of these, more than 90% are projected to occur in SA and SEA, which

is one in every four live births [2, 5].

In addition to several short term maternal and offspring adverse outcomes, GDM contrib-

utes to adverse cardiometabolic outcomes for women in the long-term. These include T2DM,

hypertension, and ischemic heart disease. The risk of developing T2DM among women with

history of GDM can be up to 20-fold compared to healthy individuals [6, 7]. The prevalence of

prediabetes post-GDM was observed to be between 3.9% and 50.9% based on the follow-up

period after index delivery [8]. Similarly, the incidence of T2DM was reported to be between

2.6% and 70% from 6 weeks to 28 years postpartum [9], with the highest risk was observed

around 3–6 years post-delivery [10]. Most of these studies were conducted in the western pop-

ulation and the studies in SA and SEA are limited, despite the higher prevalence of T2DM and

GDM in these regions [3]. It has been suggested that ethnicity influences the rate of conversion

to T2DM in women with GDM, but this claim has not been substantiated [11, 12]. Thus, this

study aims to report on the prevalence and risk factors for prediabetes and T2DM in SA and

SEA women with history of GDM by conducting a systematic review and meta-analysis.

Methods

This review was conducted according to the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) (S2 Appendix) [13]. The protocol for this systematic review and

meta-analysis was registered with PROSPERO, and is available at https://www.crd.york.ac.uk/

prospero/display_record.php?ID=CRD42020189654.

Search strategy and selection criteria

A comprehensive literature search for observational studies that have followed-up women

with history of GDM in SA and SEA, diagnosed by any criteria for GDM until end of Decem-

ber 2021 was performed in the following databases: Medline, EMBASE, Web of Knowledge

and CINHAL. This was updated to include studies published until 30 June 2022. The search

strategy included medical subject headings related to GDM (Gestational diabetes or Diabetes,

Gestational, postpartum, Postpartum Period, postnatal or postnatal Care or post-natal) and

T2DM (Diabetes Mellitus, Type 2/ or incidence of diabetes). A combination of these terms
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was modified for specific bibliographic databases in combination with database-specific filters.

The keywords/filters specific to each database for the included countries (SA–Afghanistan,

Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, Sri Lanka; SEA–Brunei, Cambodia,

Indonesia, Thailand, Malaysia, Philippines, Singapore, Vietnam) were used in the searches. A

secondary search was also performed to identify studies that have reported on prediabetes as

an individual outcome. The search was restricted to studies conducted in humans and pub-

lished in English. The detailed search strategy is available in the S1 Appendix. An alert system

was set up in these databases to identify any additional studies that got published between Jan-

uary 2022 and submission of this manuscript (30 June 2022).

Two independent reviewers (SC and HW) screened the titles and abstracts to identify

appropriate studies. Full texts of articles from the relevant studies were reviewed and included

according to the inclusion criteria: observational studies (prospective, retrospective, cross-sec-

tional, case-control) that have reported on the postpartum follow-up of women with the his-

tory of GDM in SA and SEA. Conference proceedings and letters to the editor relevant to the

inclusion criteria were also included. Studies that reported on randomized controlled trials

conducted to either mitigate the risk of GDM or management of GDM and studies that had

followed-up women for less than six weeks of postpartum were excluded. The reference lists of

relevant studies were hand searched for additional eligible studies. Any disagreement between

the reviewers was resolved by discussion with a third reviewer (DM). The details of the study

selection process are presented in the PRISMA flowchart (Fig 1).

Risk of bias and study quality assessment

The Newcastle-Ottawa scale (NOS) for cohort studies, proposed by Wells et al was used to assess

the quality of the included studies [14]. This scale which is designed to appraise the quality of

non-randomized studies by three categories: selection, comparability, and outcome. Each cate-

gory has a set of numbered items to evaluate the study. For example, a maximum of one star

can be awarded from the selection and outcome categories and two stars for the category of

comparability. Overall, a study can be awarded from zero (low quality) to nine (high quality)

stars. The risk of bias in cross-sectional studies was done by the using scale developed by Hoy

and colleagues [15]. This included domains of sample selection, non-response bias, data collec-

tion, and measurement of reliability and validity. The risk of bias was reported as low, medium,

and high-risk for each category. Publication bias was evaluated using Egger’s test [16].

Data synthesis and statistical analysis

Data extraction was done by the two independent reviewers (SC and HW), by extracting the

study characteristics that included information on study design, country of study, diagnosis of

GDM and T2DM, characteristics of the women (age, BMI) at the baseline and at the follow-up

period. When two studies reported outcomes from the same cohort, the study with more com-

plete information related to this review was included for the analysis.

Sub-group analyses were carried out based on the diagnostic criteria of GDM, duration of

follow-up and type of studies. As the International Association of Diabetes and Pregnancy

Study Groups (IADPSG) criteria [17] is increasingly used across the world, we assessed the

prevalence of prediabetes and T2DM by IADPSG vs. other criteria. Duration of follow-up is

split into less than two, between two to five and more than five years of duration for the preva-

lence of T2DM and less than two and more than two years for prediabetes. Type of studies

were split into prospective vs. other type of studies.

The Metafor package was used for quantitative synthesis [18]. The inverse variance method

was used to estimate the pooled prevalence expressed as the proportion of women with history
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of GDM who have developed T2DM/prediabetes. The study results were pooled by using ran-

dom effects analysis models fitted in ‘R’ programming language [19]. The heterogeneity

observed between the studies was estimated using the I2 statistic [16] which describes the per-

centage of variation not due to sampling errors between the studies. Funnel plots were devel-

oped to assess the publication bias among the studies. The asymmetry of the funnel plots was

investigated using the Egger’s test. A sensitivity analysis was performed to investigate the effect

of each study on the pooled prevalence. All analyses were done in ‘R’ software [19].

Results

Identification of studies

The electronic database search and the hand search together yielded 87 studies of which 26

studies were removed after evaluation for duplicate records. Sixty-one studies were then

Fig 1. PRISMA flow diagram showing the study selection process.

https://doi.org/10.1371/journal.pone.0278919.g001
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selected, of which 41 were excluded after initial title and abstract screening. Full text screening

excluded seven studies because of the following reasons: different ethnicity, article on protocol,

reported only about risk factors, an intervention study, conference proceedings with no base-

line data, reported only on the uptake rates of postnatal OGTT screening and a conference

proceeding which was a duplication of a subsequent full manuscript with more relevant data.

Thus, thirteen studies were included for the final analyses (Fig 1).

Study characteristics

Among the 13 studies, seven were from India, two from Singapore and one each from Sri

Lanka, Pakistan, Malaysia, and Thailand. The studies showed varied lengths of follow-up and

diagnostic criteria for GDM. The diagnosis of T2DM was by WHO criteria. Prediabetes was

defined as impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) or combined

IGT and IFG. The diagnosis of T2DM was predominantly by using oral glucose tolerance test

except for one study which used HbA1c [38]. The follow-up period ranged between 0.25 to 15

years. Summary of study characteristics that reported the prevalence of prediabetes and/or dia-

betes are provided in Table 1. Summary of key maternal risk factors are shown in Table 2.

Table 1. Characteristics of studies that reported the prevalence of prediabetes and T2DM.

Study Study design Country

of study

Criteria of

GDM

diagnosis

Total

GDM

nos. (n)

GDM

to

T2DM

(n)

GDM to

Prediabetes

(n)

Non-

GDM

nos.

(n)

Non-

GDM to

T2DM

(n)

Prevalence

of T2DM

(%)

Prevalence

of

prediabetes

(%)

Follow-

up

(years)

Response

rate (%)

Dai et al 2022 [33] Retrospective Singapore IADPSG 942 33

124

NR NR 3.5

13.2 0.25 45.1

Hewage et al 2021

[34]

Prospective Singapore WHO

1999

117 13

38

NR NR 11.2

32.8 5.0 NR

Aziz et al 2018 [35] Prospective Pakistan IADPSG 27 11 NR NR NR 41.0 NR 2.0 35.8

Goyal et al 2018 [36] Cross

sectional

India IADPSG 267 28

126

NR NR 10.5

47.2 1.67 31.4

Herath et al 2017

[37]

Retrospective Sri Lanka WHO

1999

119 73 NR 456 18 61.0 NR 10.9 >70

Gupta et al 2017 [38] Prospective India CC and

IADPSG

366 119

144 NR

NR 33.0

39.3 1.16 37

Bhavadharani et al

2016 [26]

Prospective India IADPSG 203 7

34

NR NR 3.0

16.8 1.0 95.8

Jindal et al 2015 [39] Prospective India IADPSG 62 4 17 NR NR 6.0 27.4 0.25 82.7

Mahalakshmi et al

2014 [40]

Retrospective India CC 174 101

19

NR NR 58.0

10.9 4.5 NR

Youngwanichsetha

and Phumdoung

2013 [41]

Cross

sectional

Thailand ADA

2010

210 NR 56 NR NR NR 27.6 0.12

NR

Chew et al 2012 [42] Cross

sectional

Malaysia WHO

1984

342 159 117 NR NR 46.5 34.2 0.25–15 NR

Krishnaveni et al

2007 [43]

Prospective India CC 35 13

11

489 8 37

31.4 5

66.7

Kale et al 2004 [44] Prospective India WHO

1985

125 65

19

240 14 52

15.2 4.5 69.2

ADA—American Diabetes Association

CC-Carpenter & Coustan

IADPSG—International Association of Diabetes and Pregnancy Study Group

WHO—World Health Organisation

NR- Not reported

https://doi.org/10.1371/journal.pone.0278919.t001
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Assessment of study quality

The quality appraisal revealed that out of the 10 cohort studies, three had a low risk of bias,

four showed unclear risk and the remaining three showed a high risk of bias. All three cross-

sectional studies showed a low risk of bias (S1 Fig). The detailed quality assessment of studies

is provided in S1 and S2 Tables.

Table 2. Maternal characteristics reported by the studies included in the systematic review.

Study Study design Country Maternal age

at follow-up (yr)

BMI or weight at

index pregnancy

BMI or weight at follow-up

Dai et al 2022 [33] Retrospective Singapore 32.7±4.7 <18.5 (n = 15)

18.5–24.9 (n = 245)

25–29.9 (n = 235)

�30 (n = 206)

NR

Hewage et al 2021 [34] Prospective Singapore Normoglycemia 32.8±4.5##

Dysglycemia$ 33.9±5.2

Normoglycemia 22.7

±3.8

Dysglycemia$ 25.0

±4.3

Normoglycemia <23–27, 23 to <27.5–20,

� 27.5–5

Dysglycemia <23–13, 23 to <27.5–14,

� 27.5–15

Aziz et al 2018 [35] Prospective Pakistan 28.94±2.84 GDM 69.5± 8.22 kg

Non-GDM 56.54

±5.42 kg

GDM 73.26±6.86 kg

Non-GDM 67.23±4.65 kg

Goyal et al 2018 [36] Cross-

sectional

India Normoglycemia 31.3±4.4

Dysglycemia^ 33.3±4.5

NR Normoglycemia <25–44, 25–29.9–50,

�30–19

Dysglycemia^ <25–47, 25–29.9–54, �30–

53

Herath et al 2017 [37] Retrospective Sri Lanka GDM

42.7±5.37

Non-GDM

38.7±5.36

GDM

< 18.5–1

18.5–24.9–39

>25–28–28

NR

Gupta et al 2017 [38] Prospective India 30.2±4.9 23.6±4.7� 27.6±5.2

Bhavadharani et al 2016

[26]

Prospective India Dysglycemia^ 29.6±4.2

Normoglycemia 28.6±4.3

Dysglycemia^

28.0±5.0

Normoglycemia

25.8±4.7

NR

Jindal et al 2015 [39] Prospective India Normoglycemia

32.24±3.60,

Dysglycemia^

31±3.50

NR NR

Youngwanichsetha and

Phumdoung 2013 [41]

Cross

sectional

Thailand 34.54 NR 25.0–29.9–34

30.0–39.9–22

Mahalakshmi et al 2014

[40]

Retrospective India 29±4 28.6±4.1 NR

Chew et al 2012 [42] Cross

sectional

Malaysia Normoglycemia 37.6±5.3, IGT 37.7±5.0,

IFG 38.9±5.6, Combined IFG/IGT 39.7

±6.8, T2DM 39.4±4.5

NR Normoglycemia 25.69±4.85, IGT 26.59

±4.84, IFG 26.22±4.33, Combined IFG/IGT

28.53±5.07, T2DM 30.26±4.62

Krishnaveni et al 2007 [43] Prospective India GDM: Normoglycemia-32.2, IFG/IGT-

34, T2DM-33.5,

Non-GDM: Normoglycemia -28.1, IFG/

IGT-29.3, T2DM- 28.6

NR GDM: Normoglycemia -23.6, IFG/IGT

-26.1, T2DM—26.7,

Non-GDM: Normoglycemia-23.2, IFG/

IGT-24.8, T2DM—28.9

Kale et al 2004 [44] Prospective India GDM: Normoglycemia- 33, IGT– 33,

T2DM—34

NR GDM: Normoglycemia -25.8, IGT—25.4,

T2DM- 26.2

IFG- Impaired fasting glucose

IGT–Impaired glucose tolerance

^—includes isolated IFG + isolated IGT + combined IFG/IGT + diabetes
$—includes diabetes and prediabetes
�—prepregnancy BMI, ##- age at delivery
NR- Not reported

https://doi.org/10.1371/journal.pone.0278919.t002
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Prevalence of prediabetes

Eleven studies have reported the rates of prediabetes (IFG or IGT and combined IGT and

IFG) among the participants with previous GDM. This included a total of 2843 participants.

The pooled prevalence of prediabetes was 25.9% (95% CI 18.94, 33.51) (Fig 2A). Significant

heterogeneity among studies was observed (I2 = 94.3%, p<0.001). Of these 11 studies, seven

were from India (Table 1).

Prevalence of T2DM

Twelve studies reported the prevalence of T2DM. This included a total of 2779 participants.

The pooled prevalence of T2DM was 29.9% (95% CI, 17.02, 44.57) (Fig 2B). Significant hetero-

geneity was observed (I2 = 98.3%, p<0.001).

Sensitivity analysis

Because of the high heterogeneity, we carried out a sensitivity analysis to estimate the pooled

prevalence of prediabetes and T2DM, by excluding one study at a time. For prediabetes, this

ranged between 25.0% and 27.7%. For T2DM, this was 27.2% to 33.4%. These estimates were

close to the overall prevalence estimates of 25.9% and 29.9% for prediabetes and T2DM,

respectively, when all the studies were included. This indicates that no single study had signifi-

cantly influenced the overall estimates (S2 Fig).

Subgroup analyses

Subgroup analyses were performed to assess whether diagnostic criteria of GDM or the dura-

tion of follow-up have any differential effect on the prevalence of T2DM/prediabetes

Based on follow-up period. For prediabetes, 12 studies have reported the follow-up

period. These were grouped as less (seven studies, n = 2220) or more (five studies, n = 623)

than two years of follow-up. No significant difference was seen in the pooled prevalence of pre-

diabetes (less than 2 years: 27.2%; 95%CI: 18.97, 36.27; more than 2 years: 23.9%, 95%CI:

14.14, 35.26; p = 0.65) (Fig 3A).

Fig 2. Prevalence of (a) prediabetes and (b)T2DM in women with history of GDM in SA and SEA.

https://doi.org/10.1371/journal.pone.0278919.g002
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For T2DM, these were categorized into less than two years (five studies, n = 1840), 2–5 years,

(six studies, n = 648) and greater than five years (two studies, n = 291) of follow-up period.

Compared to the less than 2 years follow-up period (10.5%; 95%CI: 2.08, 23.98), the prevalence

of T2DM was significantly higher in the 2–5 years group (38.7%; 95%CI: 22.98, 55.68;

p<0.0001) and more than 5 years group (40.9%; 95%CI: 22.98, 55.68; p = 0.003) (Fig 3B).

Based on diagnostic criteria of GDM. The studies were categorized based on IADPSG vs

other criteria. The prevalence of prediabetes by IADPSG criteria (five studies, n = 1542) was

27.1% (95% CI, 15.25, 40.85) compared to 26.5% (95% CI, 18.45, 35.45) by other criteria

(seven studies, n = 1301) (p = 0.28) (S3 Fig). The prevalence of T2DM by IADPSG criteria (six

studies, n = 1569) was 14.6% (95% CI, 3.31, 31.51) compared to 47.9% (95% CI, 40.47, 55.45)

by other criteria (seven studies, n = 1210) (p = 0.004) (S3 Fig).

Based on study design. Among the studies included in the review, seven studies had a

prospective study design. The prevalence of prediabetes and T2DM for prospective studies

were 24.0% (95% CI: 17.09, 31.96) and 22.0% (95%CI: 0.00, 65.44) respectively. The preva-

lences of other study design were 23.81% (95% CI: 12.67, 37.13) and 30.27% (95% CI: 8.91,

57.55) for prediabetes and T2DM, respectively. There was no significant difference observed

based on the study design for both prediabetes (p = 0.985) or T2DM (p = 0.590) (S4 Fig).

Relative risk of T2DM

Overall, only three studies (n = 1465) have reported the prevalence of T2DM in GDM and

non-GDM mothers (Table 1) Relative risk of developing T2DM were calculated based on the

reported prevalence (S3 Table). Women with history of GDM were at 13 times higher risk of

developing T2DM than women without the history of GDM (RR13.2, 95%CI 9.52 to 18.29,

p<0.001). There was no heterogeneity observed among these studies (I2 = 0.0%, p = 0.2969).

Risk factors for the development of prediabetes and diabetes

Unfortunately, not many studies reported the risk factors (such as age and BMI and family his-

tory) for the development of prediabetes and diabetes. While most reported age and reported

BMI at the time of follow-up, none reported their impact on the onset of prediabetes/diabetes

post GDM (Table 2).

Fig 3. Prevalence of (a) prediabetes and (b) T2DM based on the follow-up period.

https://doi.org/10.1371/journal.pone.0278919.g003
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Assessment of publication bias

There was no indication of publication bias, using Egger’s tests (p = 0.38). The funnel plot of

13 studies included in the meta-analysis is provided in S5 Fig.

Discussion

This systematic review and meta-analysis involving women with the previous history of GDM

living in SA and SEA revealed a pooled prevalence of 29.9% for T2DM (n = 2779) and 25.9%

for prediabetes (n = 2843) at postpartum follow-up. SA and SEA women with history of GDM

had 13-times higher risk of developing T2DM compared to those without the history of GDM.

To the best of our knowledge, this is the first study to quantify the risk of prediabetes and

T2DM among women with GDM in SA and SEA. Earlier systematic reviews published in 2009

and 2020 have reported 7-times and 10-times higher risk of conversion to T2DM among

women with history of GDM involving all ethnic groups [6, 7]. These studies reported no dif-

ference across ethnicities as they were underpowered to observe any ethnic differences. Our

findings reveal that SA and SEA women with GDM are at higher risk of conversion to T2DM

compared to global estimates. Our findings reveal that SA and SEA women with GDM are at

higher risk of conversion to T2DM compared to global estimates. However, this is based on

limited number of studies. Among 13 studies included in this systematic review, only three

had high risk of bias. These findings need to be confirmed through well-designed longitudinal

studies that also controls for other risk factors (such as age, BMI, and family history) to assess

the independent role of GDM in these ethnic groups.

The SA and SEA ethnicities have higher predisposition to T2DM compared to other ethnic

groups [20]. Anjana et al [21] has reported that the age of onset of T2DM among South Asians

is earlier compared to other ethnic groups. In addition to the pooled prevalence rate of 29.9%

for T2DM, which is higher beyond the first 2 years of postpartum, rate of prediabetes is also

high (25.9%) in women with history of GDM. These rates are much higher than previously

reported and in other populations [22, 23]. Thus, GDM might be a key contributing factor for

the decreasing age of onset of T2DM in these population, at least for women.

The combined prevalence of more than 50% of prediabetes and T2DM highlights the

importance of improving the postpartum screening for all forms of dysglycemia in women

with recent history of GDM. However, the uptake rate of postpartum glucose monitoring is

sub-optimal even in well developed countries [24]. In addition, there seem to be limited evi-

dence to compare the prevalence of T2DM post-GDM in different ethnicities including PIMA

Indians. A recent study by Napoli et al [25] in Italy, reported that only 34.4% of women from

‘STRONG’ observational study underwent postpartum glucose monitoring. We also observed

that only three studies had a follow-up rate of more than 70%, although we have showed earlier

that it is feasible at least in research settings, with a follow up of 95.8% [26]. Whether this can

be replicated in real-world settings in SA and SEA will require additional studies. A targeted

approach for postpartum screening may be a better approach similar to a study by Nishanthi

et al. [27] A simple machine learning approach using the routinely available antenatal factors

could may identify who is unlikely to attend postpartum screening and enable better, targetted

follow-up. The simple risk calculator proposed by Nishanthi et al [27] is easy to use for health-

care providers. However, the validity of this in SA and SEA population is not proven. A similar

strategy for predicting the onset of prediabetes and T2DM can offer prevention strategies to be

implemented in post-GDM women. In addition, with high birth rates in these countries [28],

such interventions in between pregnancies can also reduce the risk of recurrence of GDM.

Such ‘inter-pregnancy’ preventive interventions could be vital in reducing adverse metabolic
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programming in the offspring [5]. With the effective strategies (both lifestyle and metformin)

available in these populations [29], such interpregnancy interventions are urgently warranted.

The subgroup analyses revealed that different diagnostic criteria (lower rates of T2DM but

higher prediabetes rates if IADPSG criteria was used to diagnose GDM) influence the rates of

dysglycemia postpartum. It is conceivable that IADPSG detects a ‘milder’ form of dysglycemia

in pregnancy than other criteria, albeit important for the short-term adverse outcomes in preg-

nancy. The stratification based on study design showed no significant difference in the preva-

lence of prediabetes and T2DM. However, only three cohort studies have prospectively

followed up women with history of GDM and the non-GDM group.

Strengths and limitations

This is the first study to report on the population- specific prevalence of T2DM and prediabe-

tes in women with GDM in SA and SEA, where the metabolic burden in young adults is very

high. Our study has important limitations. First, while there were adequate number of women

for estimating the prevalence rates, the relative risk estimation is based on only three studies

and there were not enough studies to assess the prevalence for each country within these

regions. Second, as risk factors contributing to the prevalence of T2DM are not reported in

most studies, we are not able to assess the contribution of individual risk factors to the devel-

opment of T2DM, post-GDM. Third, none of the studies reported the influence of rapid

urbanization, which is a major contributing factor to differential rates of T2DM in these coun-

tries. Finally, we did not find studies that reported other co-existing cardiometabolic disorders

such as hypertension, dyslipidemia and cardiovascular disorders.

Implications for research and clinical practice

Our study highlights the gaps in the existing evidence in SA and SEA countries where the prev-

alence of both GDM and T2DM are high. The high rates of prediabetes and diabetes in these

populations soon after an index pregnancy with GDM, suggest the importance of postpartum

testing and early detection of T2DM. Despite the existence of guidelines [30–32] over a long

period, only limited women with history of GDM adhere to postpartum glucose screening,

due to several barriers [24]. Our findings raise the following key questions for future research:

1) What are the barriers/enablers for glucose testing post-GDM in different SA and SEA coun-

tries? 2) What are the risk factors (including modifiable risk factors such as postpartum weight

retention) in women with history of GDM that contribute to the high prevalence of prediabe-

tes and T2DM? 3) Do other cardiometabolic disorders co-exist in these women, similar to

studies reported in western populations? 4) Can we develop an individualised prediction of

incident T2DM post-GDM? and 5) Can we develop personalised strategies for interpregnancy

interventions for prevention of GDM and subsequent T2DM?

Conclusion

Women living in SA and SEA countries with GDM have high rates of prediabetes and T2DM

on postpartum follow-up. Despite the lack of adequate data, which requires carefully designed

longitudinal studies, these findings highlight the importance of prioritising women with his-

tory of GDM for T2DM prevention strategies. Development of precision medicine would be

key for individualised strategies, which is likely to have better adherence rates for both screen-

ing and prevention.
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Patient and public involvement

Patients and/or the public were not involved in the design or conduct or reporting or dissemi-

nation plans of this research.

Supporting information

S1 Fig. Study quality appraisal of the included studies.

(TIF)

S2 Fig. Sensitivity analyses for the prevalence of (a) prediabetes and (b) T2DM.

(TIF)

S3 Fig. Prevalence of (a) prediabetes and (b) T2DM based on the diagnostic criteria of GDM.

(TIF)

S4 Fig. Prevalence of (a) design prediabetes and (b) T2DM based on the study.

(TIF)

S5 Fig. Funnel plot for publication bias.

(TIF)

S1 Table. Quality assessment of cohort studies using Newcastle Ottawa scale (n = 10).

(DOCX)

S2 Table. Quality assessment of cross-sectional studies (n = 3).

(DOCX)

S3 Table. Relative risk of T2DM in women with history of GDM compared with healthy

controls in SA and SEA.

(DOCX)

S1 Appendix. Detailed search strategy.

(DOCX)

S2 Appendix. PRISMA checklist.

(DOCX)

Author Contributions

Conceptualization: Chockalingam Shivashri, Ponnusamy Saravanan.

Data curation: Chockalingam Shivashri, Wesley Hannah, Mohan Deepa.

Formal analysis: Chockalingam Shivashri, Wesley Hannah, Mohan Deepa, Yonas Ghebremi-

chael-Weldeselassie, Ranjit Mohan Anjana, Ram Uma, Viswanathan Mohan, Ponnusamy

Saravanan.

Funding acquisition: Ponnusamy Saravanan.

Methodology: Chockalingam Shivashri, Ponnusamy Saravanan.

Resources: Ponnusamy Saravanan.

Software: Chockalingam Shivashri, Yonas Ghebremichael-Weldeselassie.

Supervision: Ponnusamy Saravanan.

Validation: Yonas Ghebremichael-Weldeselassie, Ponnusamy Saravanan.

PLOS ONE Systematic review: Prevalence of postpartum dysglycemia in South Asians with history of gestational diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0278919 December 12, 2022 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0278919.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0278919.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0278919.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0278919.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0278919.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0278919.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0278919.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0278919.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0278919.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0278919.s010
https://doi.org/10.1371/journal.pone.0278919


Visualization: Chockalingam Shivashri, Yonas Ghebremichael-Weldeselassie.

Writing – original draft: Chockalingam Shivashri.

Writing – review & editing: Chockalingam Shivashri, Wesley Hannah, Mohan Deepa, Ranjit

Mohan Anjana, Ram Uma, Viswanathan Mohan, Ponnusamy Saravanan.

References

1. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al Kaabi J. Epidemiology of type 2 diabetes

—global burden of disease and forecasted trends. J Epidemiol Glob Health. 2020; 10:1:107–11. https://

doi.org/10.2991/jegh.k.191028.001 PMID: 32175717

2. International Diabetes Federation Atlas. International Diabetes Federation. 2021:54–5.

3. Lee KW, Ching SM, Ramachandran V, Yee A, Hoo FK, Chia YC, et al. Prevalence and risk factors of

gestational diabetes mellitus in Asia: a systematic review and meta-analysis. BMC Pregnancy Child-

birth. 2018; 18:1:494. https://doi.org/10.1186/s12884-018-2131-4 PMID: 30547769

4. American Diabetes Association. Classification and diagnosis of diabetes:Standards of medical care in

diabetes—2018. Diabetes Care. 2018; 41:1:13–27.

5. Saravanan P. Gestational diabetes: opportunities for improving maternal and child health. Lancet Dia-

betes Endocrinol. 2020; 8:9:793–800. https://doi.org/10.1016/S2213-8587(20)30161-3 PMID:

32822601

6. Bellamy L, Casas J, Hingorani A, Williams D. Type 2 diabetes mellitus after gestational diabetes: a sys-

tematic review and meta-analysis. Lancet. 2009; 373:1773–9. https://doi.org/10.1016/S0140-6736(09)

60731-5 PMID: 19465232

7. Vounzoulaki E, Khunti K, Abner SC, Tan BK, Davies MJ, Gillies CL. Progression to type 2 diabetes in

women with a known history of gestational diabetes: systematic review and meta-analysis. BMJ. 2020;

369:1361. https://doi.org/10.1136/bmj.m1361 PMID: 32404325

8. Nouhjah S, Shahbazian H, Amoori N, Jahanfar S, Shahbazian N, Jahanshahi A, et al. Postpartum

screening practices, progression to abnormal glucose tolerance and its related risk factors in Asian

women with a known history of gestational diabetes: a systematic review and meta-analysis. Diabetes

Metab Syndr. 2017; 11:2:703–12 https://doi.org/10.1016/j.dsx.2017.05.002 PMID: 28571777

9. Kim C, Newton KM, Knopp RH. Gestational diabetes and the incidence of type 2 diabetes: a systematic

review. Diabetes Care. 2002; 25:10:1862–8. https://doi.org/10.2337/diacare.25.10.1862 PMID:

12351492

10. Song C, Lyu Y, Li C, Liu P, Li J, Ma RC, et al. Long-term risk of diabetes in women at varying durations

after gestational diabetes: a systematic review and meta-analysis with more than 2 million women.

Obes Rev. 2018; 19:3:421–9. https://doi.org/10.1111/obr.12645 PMID: 29266655

11. Girgis CM, Gunton JE, Cheung NW. The influence of ethnicity on the development of type 2 diabetes

mellitus in women with gestational diabetes: a prospective study and review of the literature. ISRN

Endocrinol. 2012; 2012:341638. https://doi.org/10.5402/2012/341638 PMID: 22577574

12. Tandon N, Gupta Y, Kalra S. Postpartum screening after gestational diabetes mellitus: aiming for uni-

versal coverage. Indian J Endocrinol Metabol 2015; 19:1:1–4. https://doi.org/10.4103/2230-8210.

144634 PMID: 25593818

13. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. The PRISMA statement

for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:

explanation and elaboration. BMJ. 2009; 339:2700. https://doi.org/10.1136/bmj.b2700 PMID:

19622552

14. Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale

(NOS) for assessing the quality of nonrandomised studies in meta-analyses. 2013. http://www.ohri.ca/

programs/clinical_epidemiology/oxford.asp. (accessed Jan 2022)

15. Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, et al. Assessing risk of bias in prevalence studies:

modification of an existing tool and evidence of interrater agreement. J Clin Epidemiol. 2012; 65:934–9.

https://doi.org/10.1016/j.jclinepi.2011.11.014 PMID: 22742910

16. Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions. Version 5.1.0.

2011

17. Saeedi M, Cao Y, Fadl H, Gustafson H, Simmons D. Increasing prevalence of gestational diabetes mel-

litus when implementing the IADPSG criteria: a systematic review and meta-analysis. Diabetes Res

Clin Pract. 2021; 172:108642. https://doi.org/10.1016/j.diabres.2020.108642 PMID: 33359574

18. Viechtbauer W. Conducting meta-analyses in R with the metafor package. J Stat. Soft 2010; 36:31–48.

PLOS ONE Systematic review: Prevalence of postpartum dysglycemia in South Asians with history of gestational diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0278919 December 12, 2022 12 / 14

https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.2991/jegh.k.191028.001
http://www.ncbi.nlm.nih.gov/pubmed/32175717
https://doi.org/10.1186/s12884-018-2131-4
http://www.ncbi.nlm.nih.gov/pubmed/30547769
https://doi.org/10.1016/S2213-8587%2820%2930161-3
http://www.ncbi.nlm.nih.gov/pubmed/32822601
https://doi.org/10.1016/S0140-6736%2809%2960731-5
https://doi.org/10.1016/S0140-6736%2809%2960731-5
http://www.ncbi.nlm.nih.gov/pubmed/19465232
https://doi.org/10.1136/bmj.m1361
http://www.ncbi.nlm.nih.gov/pubmed/32404325
https://doi.org/10.1016/j.dsx.2017.05.002
http://www.ncbi.nlm.nih.gov/pubmed/28571777
https://doi.org/10.2337/diacare.25.10.1862
http://www.ncbi.nlm.nih.gov/pubmed/12351492
https://doi.org/10.1111/obr.12645
http://www.ncbi.nlm.nih.gov/pubmed/29266655
https://doi.org/10.5402/2012/341638
http://www.ncbi.nlm.nih.gov/pubmed/22577574
https://doi.org/10.4103/2230-8210.144634
https://doi.org/10.4103/2230-8210.144634
http://www.ncbi.nlm.nih.gov/pubmed/25593818
https://doi.org/10.1136/bmj.b2700
http://www.ncbi.nlm.nih.gov/pubmed/19622552
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1016/j.jclinepi.2011.11.014
http://www.ncbi.nlm.nih.gov/pubmed/22742910
https://doi.org/10.1016/j.diabres.2020.108642
http://www.ncbi.nlm.nih.gov/pubmed/33359574
https://doi.org/10.1371/journal.pone.0278919


19. Team RC. R: A language and environment for statistical computing. R Foundation for Statistical Com-

puting, Vienna, Austria. http://wwwr-projectorg/indexhtml. 2020 (accessed Jan 2022).

20. Narayan KMV, Kanaya AM. Why are south asians prone to type 2 diabetes? A hypothesis based on

underexplored pathways. Diabetologia. 2020; 63:6:1103–9. https://doi.org/10.1007/s00125-020-

05132-5 PMID: 32236731

21. Anjana RM, Deepa M, Pradeepa R, Mahanta J, Narain K, Das HK, et al. Prevalence of diabetes and

prediabetes in 15 states of India: results from the ICMR-INDIAB population-based cross-sectional

study. Lancet Diabetes Endocrinol. 2017; 5:8:585–596. https://doi.org/10.1016/S2213-8587(17)30174-

2 PMID: 28601585

22. Ghajari H, Nouhjah S, Shahbazian H, Valizadeh R, Tahery N. Postpartum glucose testing, related fac-

tors and progression to abnormal glucose tolerance in a rural population with a known history of gesta-

tional diabetes. Diabetes Metab Syndr. 2017; 11:455–S8.

23. Li Z, Cheng Y, Wang D, Chen H, Chen H, Ming WK, et al. Incidence rate of type 2 diabetes mellitus after

gestational diabetes mellitus: a systematic review and meta-analysis of 170,139 women. J Diab Res.

2020; 2020:3076463. https://doi.org/10.1155/2020/3076463 PMID: 32405502

24. Balaji B, Anjana RM, Pradeepa R, Mohan D, Ram U, Viswanathan M. Gestational diabetes mellitus

postpartum follow-up testing: challenges and solutions. Can J Diabetes 2019; 43:8:641–6. https://doi.

org/10.1016/j.jcjd.2019.04.011 PMID: 31230979

25. Napoli A, Sciacca L, Pintaudi B, Tumminia A, DalfràMG, Festa C, et al. Screening of postpartum diabe-

tes in women with gestational diabetes: high-risk subgroups and areas for improvements-the STRONG

observational study. Acta Diabetol. 2021; 58:9:1187–1197. https://doi.org/10.1007/s00592-021-01707-

9 PMID: 33842997

26. Bhavadharini B, Anjana RM, Mahalakshmi MM, et al. Glucose tolerance status of asian Indian women

with gestational diabetes at 6weeks to 1year postpartum (WINGS-7). Diab Res Clin Prac. 2016;

117:22–7. https://doi.org/10.1016/j.diabres.2016.04.050 PMID: 27329018

27. Periyathambi NA, Parkhi D, Ghebremichael-Weldeselassie Y, Vinod P, Nithya S, Rahul S, et al.

Machine learning prediction of non-attendance to postpartum glucose screening and subsequent risk of

type 2 diabetes following gestational diabetes. Plos One. 2022;7; 17:3:0264648. https://doi.org/10.

1371/journal.pone.0264648 PMID: 35255105

28. United Nations, Department of Economic and Social Affairs, Population Division (2019). World Popula-

tion Prospects 2019: Highlights (ST/ESA/SER.A/423).

29. Ramachandran A, Snehalatha C, Mary S, Mukesh B, Bhaskar AD, Vijay V, et al. The Indian Diabetes

Prevention Programme shows that lifestyle modification and metformin prevent type 2 diabetes in Asian

Indian subjects with impaired glucose tolerance. Diabetologia. 2006; 49:289–297.

30. ACOG Practice Bulletin No. 190: Gestational Diabetes Mellitus. Obstet Gynecol. 2018; 131:2:49–64.

31. American Diabetes Association. Management of diabetes in pregnancy:standards of medical care in

diabetes—2018. Diabetes Care. 2018; 41:1:S137–S43.

32. Sheiner E, Kapur A, Retnakaran R, Hadar E, Poon LC, McIntyre HD, et al. FIGO (International Federa-

tion of Gynecology and Obstetrics) Postpregnancy initiative: Long-term maternal implications of preg-

nancy complications—follow-up considerations. Int J Gynecol Obst. 2019; 147:1–31. https://doi.org/10.

1002/ijgo.12926 PMID: 32323876

33. Dai FA, Mani H, Nurul SR, Tan KH, et al. Risk stratification of women with gestational diabetes mellitus

using mutually exclusive categories based on the International Association of Diabetes and Pregnancy

Study Groups criteria for the development of postpartum dysglycaemia: a retrospective cohort study.

BMJ Open. 2022; 12:2:e055458. https://doi.org/10.1136/bmjopen-2021-055458 PMID: 35177456

34. Hewage SA, Koh XYH, Soh SE, Pang WW, Fok D, Cai S, et al. Breastfeeding duration and develop-

ment of dysglycemia in women who had gestational diabetes mellitus: evidence from the GUSTO cohort

study. Nutrients. 2021; 13:2:408. https://doi.org/10.3390/nu13020408 PMID: 33525398

35. Aziz S, Munim TF, Fatima SS. Post-partum follow-up of women with gestational diabetes mellitus:

effectiveness, determinants, and barriers. J Matern Fetal Neonatal Med. 2018; 31:12:1607–12. https://

doi.org/10.1080/14767058.2017.1321630 PMID: 28423981

36. Goyal A, Gupta Y, Kalaivani M, Sankar MJ, Kachhawa G, Bhatla N, et al. Long term (>1year) postpar-

tum glucose tolerance status among Indian women with history of Gestational Diabetes Mellitus (GDM)

diagnosed by IADPSG criteria. Diab Res Clin Prac. 2018; 142:154–61.

37. Herath H, Herath R, Wickremasinghe R. Gestational diabetes mellitus and risk of type 2 diabetes 10

years after the index pregnancy in Sri Lankan women—A community based retrospective cohort study.

Plos One. 2017; 12:e0179647. https://doi.org/10.1371/journal.pone.0179647 PMID: 28644881

PLOS ONE Systematic review: Prevalence of postpartum dysglycemia in South Asians with history of gestational diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0278919 December 12, 2022 13 / 14

http://wwwr-projectorg/indexhtml
https://doi.org/10.1007/s00125-020-05132-5
https://doi.org/10.1007/s00125-020-05132-5
http://www.ncbi.nlm.nih.gov/pubmed/32236731
https://doi.org/10.1016/S2213-8587%2817%2930174-2
https://doi.org/10.1016/S2213-8587%2817%2930174-2
http://www.ncbi.nlm.nih.gov/pubmed/28601585
https://doi.org/10.1155/2020/3076463
http://www.ncbi.nlm.nih.gov/pubmed/32405502
https://doi.org/10.1016/j.jcjd.2019.04.011
https://doi.org/10.1016/j.jcjd.2019.04.011
http://www.ncbi.nlm.nih.gov/pubmed/31230979
https://doi.org/10.1007/s00592-021-01707-9
https://doi.org/10.1007/s00592-021-01707-9
http://www.ncbi.nlm.nih.gov/pubmed/33842997
https://doi.org/10.1016/j.diabres.2016.04.050
http://www.ncbi.nlm.nih.gov/pubmed/27329018
https://doi.org/10.1371/journal.pone.0264648
https://doi.org/10.1371/journal.pone.0264648
http://www.ncbi.nlm.nih.gov/pubmed/35255105
https://doi.org/10.1002/ijgo.12926
https://doi.org/10.1002/ijgo.12926
http://www.ncbi.nlm.nih.gov/pubmed/32323876
https://doi.org/10.1136/bmjopen-2021-055458
http://www.ncbi.nlm.nih.gov/pubmed/35177456
https://doi.org/10.3390/nu13020408
http://www.ncbi.nlm.nih.gov/pubmed/33525398
https://doi.org/10.1080/14767058.2017.1321630
https://doi.org/10.1080/14767058.2017.1321630
http://www.ncbi.nlm.nih.gov/pubmed/28423981
https://doi.org/10.1371/journal.pone.0179647
http://www.ncbi.nlm.nih.gov/pubmed/28644881
https://doi.org/10.1371/journal.pone.0278919


38. Gupta Y, Kapoor D, Desai A, Praveen D, Joshi R, Rozati R, et al. Conversion of gestational diabetes

mellitus to future Type 2 diabetes mellitus and the predictive value of HbA1c in an Indian cohort. Diab

Med. 2017; 34:1:37–43.

39. Jindal, Siddiqui M, Gupta N, Wangnoo SK. Prevalence of glucose intolerance at 6 weeks postpartum in

Indian women with gestational diabetes mellitus. Diab Metab Synd. 2015; 9:3:143–6. https://doi.org/10.

1016/j.dsx.2015.04.016 PMID: 25952037

40. Mahalakshmi M, Bhavadharini B, Kumar M, Anjana RM, Shah SS, Bridgette A, et al. Clinical profile, out-

comes, and progression to type 2 diabetes among Indian women with gestational diabetes mellitus

seen at a diabetes center in south India. Indian J Endocrinol Metab. 2014; 18:3:400–6. https://doi.org/

10.4103/2230-8210.131205 PMID: 24944938

41. Youngwanichsetha S, Phumdoung S. Factors related to prediabetes among postpartum Thai women

with a history of gestational diabetes mellitus. Nurs Health Sci. 2013; 15:4:449–53. https://doi.org/10.

1111/nhs.12055 PMID: 23692133

42. Chew WF, Rokiah P, Chan SP, Chee WS, Lee LF, Chan YM. Prevalence of glucose intolerance, and

associated antenatal and historical risk factors among Malaysian women with a history of gestational

diabetes mellitus. Singapore Med J. 2012; 53:12:814–20. PMID: 23268155

43. Krishnaveni G, Hill J, Veena S, Suguna G. Gestational diabetes and the incidence of diabetes in the 5

years following the index pregnancy in South Indian women. Diabetes Res Clin Pract. 2007; 78:3:398–

404. https://doi.org/10.1016/j.diabres.2007.06.002 PMID: 17640759

44. Kale SD, Yajnik CS, Kulkarni SR, Meenakumari K, Joglekar AA, Khorsand N, et al. High risk of diabetes

and metabolic syndrome in Indian women with gestational diabetes mellitus. Diabet Med. 2004;

21:11:1257–8. https://doi.org/10.1111/j.1464-5491.2004.01337.x PMID: 15498096

PLOS ONE Systematic review: Prevalence of postpartum dysglycemia in South Asians with history of gestational diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0278919 December 12, 2022 14 / 14

https://doi.org/10.1016/j.dsx.2015.04.016
https://doi.org/10.1016/j.dsx.2015.04.016
http://www.ncbi.nlm.nih.gov/pubmed/25952037
https://doi.org/10.4103/2230-8210.131205
https://doi.org/10.4103/2230-8210.131205
http://www.ncbi.nlm.nih.gov/pubmed/24944938
https://doi.org/10.1111/nhs.12055
https://doi.org/10.1111/nhs.12055
http://www.ncbi.nlm.nih.gov/pubmed/23692133
http://www.ncbi.nlm.nih.gov/pubmed/23268155
https://doi.org/10.1016/j.diabres.2007.06.002
http://www.ncbi.nlm.nih.gov/pubmed/17640759
https://doi.org/10.1111/j.1464-5491.2004.01337.x
http://www.ncbi.nlm.nih.gov/pubmed/15498096
https://doi.org/10.1371/journal.pone.0278919

