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Background: Gestational diabetes mellitus (GDM) and type 2 diabetes mellitus (T2DM) represent two different components of the spectrum
of diabetes mellitus (DM). Women with GDM have a high chance of developing T2DM in later life and this relative risk depends on a
number of factors including ethnicity. Aim: To compare and estimate the risk of developing T2DM in South Asian women with a history of
GDM compared to those without a history of GDM. Methods: This is a systematic review of PubMed and MEDLINE articles reporting the
progression of GDM to T2DM that were published in English from 2000 to 2020. We performed meta-analysis to calculate risk ratios (RR).
Results: We selected 6 studies considering the inclusion and exclusion criteria after sorting 25 full-text articles. Of the 44165 South Asian
women assessed, 3095 had GDM and 41070 were without GDM. 995 women in GDM group and 1525 women in non-GDM group had
developed T2DM. The RR of women with GDM over non-GDM in developing T2DM was 10.81 (95% confidence interval (CI): 7.61-15.35)
suggesting that women with GDM are at 10.81 times more risk of developing T2DM than non-GDM. The cumulative incidence of T2DM in
GDM group was 17.34% at 5 years of follow-up and 33% at more than 10 years of follow-up. Conclusion: The risk of developing T2DM
in later life is higher in South Asian women with GDM than without GDM. Therefore, lifestyle and pharmacological interventions, patient
communication, timely screening, and long-term follow-up of GDM patients are important to reduce the risk.
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cardiovascular diseases.” Several studies and meta-analyses
in the past reported that women with a history of GDM had
several-fold higher risks of developing T2DM later in their
life.l*%1% Considering the vast population with diabetes in
South Asia, we undertook this study to estimate the risk of
developing type 2 diabetes mellitus in women of South Asian
Ethnicity with a history of GDM compared to those without
a history of GDM.

INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) is
high and is a major public health issue in South Asial!
(India, Pakistan, Bangladesh, Afghanistan, Sri Lanka, Nepal,
Bhutan, and Maldives). The report of International Diabetes
Federation (IDF) in 2019 showed the number of people with
diabetes in India, Bangladesh, Sri Lanka, and Nepal was 77
million, 8.4 million, 1.2 million, and 0.7 million, respectively.®!

The prevalence of diabetes in India is reported to be within
4.65% to 14% in urban areas and 1.7% to 13.2% in rural
areas and an estimated 4 million women live with gestational
diabetes mellitus (GDM) at any point of time.*! GDM, defined
as diabetes first diagnosed during second or third trimester of
pregnancy, has already become a global health issue.*' GDM
is an established risk factor for developing various morbidity
in later life including type 2 diabetes mellitus (T2DM)!! and
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MEeTHODS

We conducted the study according to preferred reporting
items for systematic reviews and meta-analyses (PRISMA)
guidelines.['"! The protocol for this systematic review
and meta-analysis is registered with PROSPERO as
CRD42020199808.

Data source and search strategy

‘We searched electronic databases, i.e. PubMed and MEDLINE
to find studies based on the progression of GDM to T2DM.
We used the MeSH terms “gestational diabetes,” “GDM,”
“gestational diabetes mellitus,” “type 2 diabetes mellitus,”
“T2DM,” “Type 2 diabetes,” and “South Asia,” “South Asian,”
“South Asian countries,” “India,” “Pakistan,” “Bangladesh,”
“Afghanistan,” “Sri Lanka,” “Nepal,” “Bhutan,” “Maldives,”
as keywords for our search. We also searched the reference
section of the selected studies manually published in English
language from the year 2000 to 2020 and considered for further
evaluation.

Study selection

After selecting studies from our initial search, we first reviewed
the abstracts and subsequently examined the full text of
relevant studies in detail.

Inclusion criteria

1. Studies with gestational diabetes mellitus (GDM) patients
of South Asian ethnicity and post-partum follow-up of at
least 1 year to diagnose the development of T2DM.

2. Studies with GDM group and control group (non-GDM
group) with data of women subsequently developing
T2DM in both groups.

Exclusion criteria

1. Studies with a sample population outside the target
population, studies with follow-up of less than 1 year.

2. Studies without a control group.

3. Studies with no original data (meetings, editorials, letters,
and commentaries).

Study quality assessment

We assessed the risk of bias and quality of the selected studies
by using Newcastle-Ottawa (NOS) quality assessment scale.!?!
Evaluation of the studies was under the categories of selection,
comparability, and outcome and a maximum of 9 stars could
be awarded to each study. Estimation of publication bias was
done using funnel plot as asymmetry graph and Begg’s and
Egger’s statistical tests.!*

Data extraction and statistical analysis

Three authors (Sharvil Gadve, Sneha Chavanda, and
Aridita Datta Mukherjee) extracted data independently.
Any disagreement was settled by consensus among authors.
Data was extracted using Cochrane handbook for systematic
reviews of interventions. Risk ratio (RR) was calculated to
assess the relative risk of developing T2DM in the GDM
group. Heterogeneity was assessed statistically using I?
test and graphically represented using forest plot diagram.

12% >50% was considered as the presence of significant
heterogeneity. Results were pooled using random effects
model considering it is unlikely to have a common effect size
for different selected studies. P value of <0.05 was considered
to be statistically significant. RevMan Review Manager
5.3 software was used for the meta-analysis. Meta-regression
models were used to study the effects of heterogeneity of study
and cumulative risks of developing T2DM by mean age of
participants at the beginning of study, length of follow-up,
and publication year.

ResuLts

The initial search resulted 1276 studies addressing the
research question. After careful screening of the abstracts
of these studies, we sorted 25 studies for further evaluation
and the full text of these selected studies was gone through
one by one and analyzed. Three studies were systematic
review and meta-analysis, 5 studies were not relevant to the
research question, 5 studies had sample population from
outside the target population, 2 studies did not explore the
outcome of GDM, 3 studies did not have a control group,
and | was questionnaire-based study. After excluding these
19 studies, 6 studies!'*' fulfilled all the inclusion criteria
and were included in our study for systematic review and
meta-analysis [Figure 1]. A total of 44165 women were
included in our study of which 3095 represented the GDM
group and 41070 represented the non-GDM group.

Study quality assessment

Quality assessment was done using NOS quality assessment
scale. Three studies (Krishnaveni et al. 2007,1" Mukerji et al.
2012, and Herath et al. 2017""") had scored 8 stars each out
of 9. Sreelakshmi et al. 20151 scored 7 stars, whereas Gadgil
et al. 2017"% scored a total of 6 stars [Table 1].

Total studies identified by electronic
database search (n = 1276)

Studies rejected after initial
screening of the abstracts
(n=1251)

Studies selected for further
evaluation (n = 25)

Studies excluded (n = 19)
@ Systematic review and meta-analysis

=3
@ Studies not relevant to research
question =5

@ Sample population outside the target
population =5

@ Studies that did mot explore the
outcome of GDM = 2

@ Studies with no control group = 3

@ Questionnaire based study = 1

Studies included for systematic review (n = 6)
Total participants = 44165 (GDM = 3095, Non GDM = 41070)

Figure 1: Flow chart of literature search
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Table 1: Quality assessment of selected studies according to NOS

Studies Selection Comparability Outcome Total Score Average Score
Krishnaveni et al. 2007 oAk * HoAk 8 stars 7.4 stars
Mukerji et al. 2012 oAk * HAk 8 stars

Shreelakshmi ez al. 2015 ok * HAk 7 stars

Herath et al. 2017 oAk * HAk 8 stars

Gadgil et al. 2017 oK * ok 6 stars

Aziz et al. 2018 Quality could not be assessed due to follow-up study design.
We could not award score using NOS scale to Aziz ef al. Funnel Plot of Standard Error by Log risk ratio

due to their study design. Average score of all the included 00

studies was 7.4 stars thus suggesting that the risk of bias is ° ° R
low. Publication bias was assessed using funnel plot diagram 03

and Begg’s and Egger’s test. No publication bias was detected s

among the selected studies [Figure 2: Funnel plot, Table 2: :: 0 °
Begg’s and Egger’s test]. s .

15

Study characteristics

Five studies were cohort studies and one study was a follow-up 20 e

study. Two studies were retrospective cohort studies,!'%!”] “ s 2 4 o 1 2 s .
one study was prospective cohort study,!'®! and two studies Logrisk et

were only described as cohort study.'*!5] Two studies were
conducted in India,["*1% while 1 study each were conducted
in Sri Lanka'7and Pakistan.!'”! The studies of Mukerji et al.
1512012 and Gadgil et al."® 2014 were conducted in the
South Asian community living in Canada and the United
States, respectively. The average follow-up of the studies
was 6.3 years. Table 3 shows the detailed characteristics
of the included studies and Table 4 shows demographic
characteristics of the included studies.

Risk review and meta-analysis

In our review, 44165 women were included. 3095 women had
history of GDM during their pregnancy and were included
in the GDM group and 41070 women were included in the
non-GDM group. Nine ninety-five women from the GDM
group had subsequently developed T2DM during their
follow-up, while 1525 women from the non-GDM group
had developed T2DM during their follow-up. We had to
exclude Gadgil ef al. 2017 from the meta-analysis as this
study was responsible for introducing significant heterogeneity.
Finally, we had included 3055 women from GDM group
and 40696 women in the non-GDM group. 981 and 1454
women from both groups developed T2DM subsequently.
The individual risk ratios of each study showed higher risk
of development of T2DM among women having history
of GDM. The pooled risk ratio of developing T2DM in the
GDM group was 10.81 (95% CI: 7.61-15.35) suggesting that
women with GDM history are at 10.81 times more risk of
developing T2DM than the non-GDM counterparts. There was
no significant heterogeneity (I*> = 36%) among the included
studies. Heterogeneity was plotted graphically using forest
plot diagram. Figure 3 shows the results of meta-analysis and
forest plot diagram. Meta-regression analyses showed that the
study effect size was significantly associated with mean age
of patients and length of follow-up [Table 5].

Figure 2: Funnel plot diagram (Publication bias assessment)

In South Asian women with history of GDM, when the follow-up
was done for up to 5 years, the cumulative incidence of T2DM
was 17.34% (95% CI: 12.02-23.82) and when follow-up done
for more than 10 years, the cumulative incidence of T2DM
was 33.00% (95% CI: 31.28-34.75) [Table 6].

Discussion

Summary of findings

This systematic review and meta-analysis included 44165
participants of South Asian ethnicity from 6 studies. 3095
women had the previous history of GDM, while 41070 women
had no history of GDM during their pregnancy. Herath et al.
2017 used WHO 1999 criteria for diagnosis of both GDM and
T2DM, while Sreelakshmi ef al. 2007 used Carpenter Coustan
Criteria for diagnosis of GDM and WHO criteria for diagnosis
of T2DM (assessed in 2006). Aziz et al. diagnosed GDM using
International Association of Diabetes and Pregnancy Study
Group (IADPSG) criteria. Shreelakshmi ef al. 2015, Gadgil
etal. 2017, and Mukerji e al. 2012 did not specify diagnostic
criteria used in their respective studies. Gadgil ef al. 2017 also
did not specify the actual length of follow-up of the patients in
their study. The overall NOS score of all the included studies
was 7.4. This is suggestive of the inclusion of good quality
studies being included in the meta-analysis. There was no
publication bias detected. However, Gadgil ez al. 2017 scored
6 in NOS scale, lowest among all. Gadgil ef al. 2017 were also
responsible for the introduction of significant heterogeneity
among the studies (I = 90% after inclusion of Gadgil et al.
2017 in the meta-analysis). The average length of follow-up
of participants in our meta-analysis was 6.3 years. 995 women
from the GDM group and 1525 women from the non-GDM
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group subsequently developed T2DM during this time. The RR
of developing T2DM in the GDM group was 10.81 (95% CI:
7.61-15.35) suggesting 10.81-fold higher risk of developing
T2DM in GDM group compared to the non-GDM group.

Comparison with existing literature

Our meta-analysis is the first such meta-analysis specifically
of South Asian population and found a 10.81 times risk of
developing T2DM in GDM patients. Vounzoulaki ef al.

Table 2: Publication bias assessment (Begg’s and Egger’s
test)

Begg’s
Kendal’'stau P
0.0 0.5

Egger’s test

Intercept (95% ClI) t d P
—0.1829 (-5.28503,4.91923) 0.09953 4 0.46

2020 in their systematic review and meta-analysis found
women (included multiple different ethnicities) with history
of GDM are at 9.51-fold higher risk of developing T2DM. Li
et al. 2020™ found in their meta-analysis that an estimated
risk in women (included multiple different ethnicities) for
developing T2DM after GDM was 19.72% at 10 years. Our
meta-analysis shows a risk of 33% at more than 10 years of
follow-up. Li et al. 2020™® have further found the estimated
risks for T2DM as 29.36% at 20 years, 39.00% at 30 years,
48.64% at 40 years, and 58.27% at 50 years, respectively. Our
meta-analysis has also found increasing risk of T2DM with
longer duration of follow-up. Rayanagoudar et al. 2016
in their meta-analysis (included GDM women of multiple
different ethnicities) found that BMI (RR 1.95 [95% CI:
1.60, 2.31]), family history of diabetes (RR 1.70 [95% CI:
1.47, 1.97]), non-white ethnicity (RR 1.49 [95% CI: 1.14,

Table 3: Characteristics of the included studies

Included Study Country GDM* criteria  T2DM criteria Follow-up Follow-up T2DM?/ T2DM¥/
study design number years GDM* Non-GDM*
Krishnaveni Cohort study  India Carpenter WHO criteria GDM*=35 S years 13/35 8/489

et al. 200704 Coustan Criteria  (assessed in 2006) NGDM =489

Mukerji Cohort study  Canada - - GDM*=2763 15 years (Median ~ 878/2763  1431/39758
et al. 20120 NGDM'=39758 7.6 years)

Sreelakshmi Retrospective  India - - GDM*=60 4 years 6/60 1/120
etal. 20151 cohort study NGDM=120

Herath et al. Retrospective  Sri WHO§ 1999 WHO§ 1999 GDM*=119 10.8 year 73/119 14/240
201707 cohort study Lanka NGDM'=240

Gadgil et al. Prospective USA - - GDM*=40 - 14/40 71/374
201708 cohort study NGDM'=374

Aziz et al. Follow-up Pakistan ~ IADPSG| - GDM*=78 2 years 11/78 0/89
20181 study NGDM=89

*GDM=Gestational diabetes mellitus; 'NGDM=Non-gestational diabetes mellitus; ‘T2DM=Type 2 diabetes mellitus; "\WHO=World Health Organization;
ITADPSG=International Association of the Diabetes and Pregnancy Study Groups

Table 4: Demographic characteristics of the included studies

Study Length of Age (years) Mean BMI: (kg/m?) Family history of
follow-up (Years) (At Follow-up) T2DM* (%)

Sreelakshmi 4 Age at follow-up: GDM*: 24.6+3.9 GDM* developing

et al. 20151% GDM* + non-GDM: 32+7.8 Non-GDM: 24.8+2.98 T2DM': 48.3

GDM* developing T2DM: 37+7.2
Krishnaveni 5 Age at follow-up: GDM*: 33.25 GDM* developing GDM* developing
et al. 20074 Non-GDM: 28.6 T2DM': 26.7+4.6 T2DM': 92
GDM#*developing T2DM': 33.5 (29.5 to 38.5) Non-GDM developing Non-GDM developing
Non-GDM developing T2DM': 28.6 (27.3 to 30) T2DM': 28.9+4.9 T2DM': 63

Mukerji 15 (median 7.6) Median age at pregnancy: 29 (26-32 interquartile - -

et al. 201203 range)

Herath et al. 10.8 GDM?*: 42.7+5.37 - GDM*: 47.1

201707 Non-GDM: 38.7+5.36 Non-GDM: 21.7

Gadgil et al. - Age at follow-up: GDM*: 26.7+3.8 GDM*: 12.2

201708 GDM*: 51.1%7 Non-GDM: 26+4.3 Non-GDM: 6.2

Non-GDM: 54.7+8.7
Aziz et al. 2 Antenatal data - -
20181 GDM?*: 28.9+2 .84

Non-GDM: 25.68+3.01

*GDM=Gestational diabetes mellitus;" T2DM=Type 2 diabetes mellitus; ‘BMI=Body Mass Index
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GDM Non GDM Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 85% CI

Krishnaveni et al 2007 1335 8 489 141%  22.70[10.09,51.10] 2007 —

Mukerj et al 2012 878 2763 1431 39758 56.6% 8.83[8.19,9.51 2012 |

Sreslakshmi et al 2015 6 60 1120 27%  1200[1.48,97.43 2015

herath et al 2017 73119 14 240 251%  1052[6.20,17.83] 2017 -

Aziz etal 2018 178 0 8 15%  26.20[157,43751 2018

Total (95% Cl) 3055 40696 100.0%  10.81 [7.61,15.35] ¢

Total events 981 1454

Heterogeneity: Tau?= 0.06; Chi2 = 6.26, df = 4 (P = 0.18); 1= 36% f f t |

Test for overall effect: Z = 13.30 (P < 0.00001) 0.001 h?o; GDM1GDM 10 1000
Figure 3: Meta-analysis and forest plot of chance of having T2DM in women with history of GDM
Table 5: Meta-regression analysis
Covariate Coefficient (95% CI*) Standard error zZ P
Mean age —0.0865 (—0.167, —0.0059) 0.0411 2.1 0.0354
Length of follow-up —0.0956 (—0.1555, —0.0357) 0.0306 -3.13 0.0018
Publication year —0.0822 (—0.2394, 0.075) 0.0802 -1.02 0.3055
*CI=Confidence interval
Table 6: Cumulative incidence of type 2 diabetes by length of follow-up
Study follow-up length (years) No of contributing studies GDM* % (95% ClI) Controls (% (95% CI)

1-5 3
>10 2
All studies 6"

17.34 (12.02-23.82)
33.00 (31.28-34.75)
32.15 (30.50-33.83)

1.29 (0.59-2.43)
3.61 (3.43-3.80)
3.71 (3.53-3.90)

*GDM=Gestational diabetes mellitus; {CI=Confidence interval. *One study did not report follow-up duration; hence, it was only considered in all studies

1.94]), and advanced maternal age (RR 1.20 [95% CI: 1.09,
1.34]) were associated with future risk of type 2 diabetes.
Our meta-analysis has also found advanced maternal age as
a risk factor for future T2DM in GDM patients. Girgis et al.
20122% in a prospective study found women of South Asian
ethnicity with history of GDM had significantly higher risk of
developing T2DM compared to other ethnic groups. A study
conducted in the Indian state of Uttar Pradesh by Rajesh Jain
et al. 20192 had found that GDM women with lower blood
glucose level (140 mg% - <160 mg%) had significantly lower
risk of developing T2DM than those having higher blood
glucose (>160 mg% - >200 mg%). They concluded that
better blood sugar control during GDM can reduce the risk
of developing future diabetes mellitus. Mahalakshmi et al.
201422 in a study of south Indian women with GDM have
found that progression to type 2 diabetes mellitus (T2DM) in
Indian women with GDM is rapid.

Implication on public health

GDM has an adverse impact on immediate maternal and
neonatal outcomes during pregnancy.l®! In the long term,
GDM increases the risk of T2DM and metabolic syndrome in
later years.[?>2¥ Shriraam et al. 201312°! found low awareness
of GDM among antenatal women from rural area in South
India. Knowledge on risk factors of GDM and subsequent
risk of developing T2DM was also low among the antenatal
women. Another study by Koning et al. 2016P% observed low
rates of longer-term follow-up regarding postpartum glucose

testing and suboptimal adherence to a healthy lifestyle for
women with a history of GDM. Considering these facts, our
study has important implications on public health. Increased
risk of T2DM in GDM women necessitates proper postpartum
screening and follow-up.?” India being the country with the
highest population in South Asia, this meta-analysis shows
that the health care policy should include an emphasis on
early detection as well as efforts of prevention of T2DM in
all women with history of GDM.

Strengths of the present study

Our study is one of the first systematic review and meta-analysis
studies to explore the nature of association between GDM and
future T2DM in South Asian women. Multiple studies were
included in our systematic review with total participants of
44165 women with follow-up ranging from 1 to 15 years.

Limitations of the present study

The authors acknowledge that there are number of important
caveats regarding the present meta-analysis. We included fewer
studies for our meta-analysis due to the limited availability of
research articles on the target population. This had resulted in
inclusion of a relatively small sample size. Different studies had
used different diagnostic criteria for GDM and T2DM and two
studies did not specify the diagnostic criteria in their studies.
Moreover, we could not perform subanalysis to assess the
effects of other factors (age, body mass index, family history, or
country of origin) in the development of T2DM among women
with previous GDM due to lack of information. Person years
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of follow-up were not published for every study included in
the meta-analysis, and so we were unable to measure incidence
rate ratios consistently. The risk of T2DM development in
women with previous GDM was estimated using relative risks.
We estimated the cumulative incidence by study length of
follow-up but could not derive the timing of T2DM onset using
study-level data, as the cumulative incidence was not known
when the events occurred. It will be possible to assess more
accurately the cumulative incidence if the individual patient
data in a cohort with regular screening is available.

ConcLusioN

Our systematic review and meta-analysis showed a 10.8-fold
higher risk of T2DM among previous GDM women in the
South Asian region. The cumulative incidence of T2DM in
GDM group was 17.34% at 5 years of follow-up and 33% at
more than 10 years of follow-up. There is a lack of awareness
about this risk and, hence, proper communication, timely
screening for glucose intolerance, and long-term follow-up
are necessary among pregnant women. Therefore, clinicians
should encourage lifestyle modification and pharmacological
intervention for women at risk.
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