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Objective. The reported incidence of type 2 diabetes mellitus (T2DM) after gestational diabetes (GDM) varies widely. The purpose
of this meta-analysis was to define the incidence rate of T2DM among women with a history of GDM and to examine what might
modulate the rate. Research Design and Methods. We searched PubMed and Embase for terms related to T2DM after GDM up to
January 2019. Large cohort studies with sample size ≥300 and follow-up duration of at least one year were included. Data from
selected studies were extracted, and meta-analysis was performed using the random-effects model. Subgroups analyses were
based on the sample size of gestational diabetes, geographic region, maternal age, body-mass index, diagnostic criteria, and
duration of follow-up. Results. Twenty-eight studies involving 170,139 women with GDM and 34,627 incident cases of T2DM
were identified. The pooled incidence of T2DM after GDM was 26.20 (95% CI, 23.31 to 29.10) per 1000 person-years. Women
from Asia and those with older age and higher body mass index seem to experience higher risk of developing T2DM. The
incidence rate of T2DM was lowest when applying IADPSG (7.16 per 1000 person-years) to diagnose GDM. The risk of
developing T2DM after GDM increased linearly with the duration of follow-up. The increments per year of follow-up were
estimated at 9.6‰. The estimated risks for T2DM were 19.72% at 10 years, 29.36% at 20 years, 39.00% at 30 years, 48.64% at 40
years, and 58.27% at 50 years, respectively. Conclusions. The findings of very high incidence of T2DM after GDM add an
important insight into the trajectory of the development of T2DM in the long-term postpartum periods, which could provide
evidence for consultant and might motivate more women with GDM to screen for T2DM. This trial is registered with
PROSPERO identifier CRD42019128980.

1. Introduction

Gestational diabetes mellitus (GDM) is a condition in which
glucose intolerance is first recognized during pregnancy.
After delivery, these affected women are advised to perform
glucose tolerance test as to screen for type 2 diabetes mellitus
(T2DM) [1]. However, the low rate of postpartum screening
for T2DM implies that we should make more efforts to
improve their compliance [2]. Postpartum follow-up screen-
ing is often a responsibility for obstetricians who often pay
more attention to pregnancy-related diseases but might
ignore the conversion of GDM to T2DM. Although meta-

analysis has shown that women with GDM have at least a
seven-fold increased risk of developing T2DM, compared
with those who have had a normoglycaemic pregnancy [3],
there is no available meta-analysis on the incidence of
T2DM after GDM. In addition, the reported incidence of
T2DM after GDM varied widely from 1.3% [4] to 70% [5].
Consequently, demonstrating the incidence of T2DM among
women with a history of GDM may help obstetricians attach
more importance to this conversion and thus encourage
more affected women to screen for T2DM.

Therefore, we conducted a meta-analysis with the follow-
ing aims: (1) to ascertain the incidence rate of T2DM after
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GDM; (2) to perform a subgroup analysis based on study
characteristics, including study designs, geographic region,
sample sizes, age, body mass index (BMI), GDM, and
T2DM criteria; and (3) to explore the link between duration
of follow-up and incidence of T2DM after GDM.

2. Materials and Methods

2.1. Data Sources and Searches. This meta-analysis follows
the MOOSE guidelines. We performed a comprehensive
search of prospective, retrospective, randomized, or cohort
studies in the electronic databases MEDLINE (source
PubMed, January 1, 1966, to January 1, 2019) and Embase
(January 1, 1980, to January 1, 2019) using the following text
and key words in combination both as MeSH terms and text
words “gestational diabetes,” “diabetes mellitus,” “type 2
diabetes mellitus,” “NIDDM,” and “non-insulin dependent
diabetes mellitus.” The search was limited to humans. We
searched articles published in any language and scrutinized
references from these studies to identify other relevant
studies.

2.2. Study Selection. To be included in this meta-analysis, pri-
mary studies had to report the incidence rates of T2DM
among the women with a history of GDM and the explicit
follow-up duration. To enhance the representative and reli-
ability, we made exclusion criteria as follows: (1) The amount
of women with GDM in the study was less than 300. (2) The
duration of follow-up was shorter than 12 months after the
end of the index pregnancy. (3) There existed any form of
intervention on preventing or delaying diabetes among
women with gestational diabetes. (4) The study was a case
series, letter, review, commentary, or editorial. For studies
published in more than one report (duplicates), we consid-
ered the most comprehensive study that reported the largest
sample size.

2.3. Data Extraction. Articles were reviewed and cross-
checked independently by two authors (ZYL and YJC). The
percentage agreement between the two authors on the quality
review ranged from 89% to 100%. Any disagreements were
resolved by consensus between the authors (ZYL and YJC).
The relevant data extracted included the year of publication,
first author, source country, geographic region (defined as
Europe, North America, Asia, etc.), study design, baseline
patient characteristics, the total number of women with
GDM and those with T2DM, follow-up data, and diagnostic
criteria for GDM and T2DM.

2.4. Data Synthesis and Analysis. The primary end point of
the study was the incidence rate of T2DM after GDM
expressed as per 1000 person-years of follow-up and is pre-
sented with 95% confidence intervals (CIs). The effect size
was calculated using a random-effects model because we con-
sidered that the different patient groups in different countries
during different periods were unlikely to have a common
effect size. The mean duration of follow-up represented for
the length of follow-up. Median length of follow-up could
be used to estimate mean length because the sample size of

each included study was larger than 25 according to the sim-
ulations derived from Hozo and colleagues [6].

Weighted meta-analytic prevalence estimates for
outcomes were calculated with the variance-stabilizing
Freeman-Tukey double-arcsine transformation with an
inverse-variance random-effects model [7]. Heterogeneity
was assessed with the I2 statistic [8], where I2 of at least 50%
indicated significant heterogeneity. Sources of between-study
heterogeneity were investigated using subgroup analysis.

We used a metaregression model to assess the relation
between follow-up years and incidence rate of T2DM after
GDM. We used Stata, version 14.0 (StataCorp) for all analy-
ses. Statistical tests were two sided and used a significance
level of P < 0:05.

3. Results

3.1. Study Selection. With the search strategy, 1069 unique
citations were initially retrieved. Of these, 159 articles were
considered of interest and full text was retrieved for detailed
evaluation. One hundred and thirty-one of these 159 articles
were subsequently excluded, and finally, 28 articles were
included in the meta-analysis (Figure 1).

3.2. Study Characteristics. Twenty-eight independent studies
[9–36] reporting 170,139 women with GDM with 1,879,062
person-years of follow-up and a total of 34,627 incident cases
of T2DM were identified (Table 1). The mean sample size of
the studies was 6076 (range from 304 to 56,884). Fourteen
studies (n = 155,340) were retrospective investigations, and
the other fourteen studies (n = 14,799) were prospective.

The mean (SD) duration of follow-up was 8.35 (6.43)
years (range, 1 to 30 years; interquartile range, 3.86 to 11.35
years). Patients were followed up for an average of over three
years in a majority of studies (78.57%).

Eleven studies were from Europe, seven from North
America, six from Asia, two from Australasia, and two from
intercontinental countries. Studies were published between
January 1991 and September 2018.

3.3. Incidence of T2DM after GDM. All identified studies
reported an incidence rate meeting all eligibility criteria for
inclusion in a meta-analysis. The incidence proportion esti-
mates ranged from 9.28 [16] per 1000 person-years to 96.10
[34] per 1000 person-years. The overall incidence rate of
T2DM after GDM was 26.20 (95% CI, 23.31 to 29.10) per
1000 person-years with very high between-sample heteroge-
neity (P < 0:001; I2, 99.47%) (Figure 2). The risk of develop-
ing T2DM after GDM increased linearly with the duration of
follow-up by metaregression. The increment per year of
follow-up was estimated to be 9.6‰ (95% CI, 3.6‰-
15.6‰). Accordingly, when the follow-up duration extended
to 10 years, 20 years, 30 years, 40 years, and 50 years, the esti-
mated risk of T2DM was 19.72% (7.44-32.01%), 29.36%
(11.07-47.65%), 39% (14.71-63.29%), 48.64% (18.35-
78.92%), and 58.27% (21.99-94.56%), respectively (Figure 3).

3.4. Subgroup Analysis. To explore the source of study het-
erogeneity, we performed stratified analyses across a number
of key study characteristics and clinical factors, including
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geographic region, baseline age, baseline BMI, study design,
sample sizes, diagnostic criteria for GDM, and diagnostic cri-
teria for T2DM (Figure 4).

Differences in T2DM rates after GDM according to geo-
graphic region were statistically significant (P < 0:001)
(Figure S1). Women from Asia had the highest incidence
rate of T2DM after GDM (45.96 per 1000 person-years),
followed by those from North America (25.22 per 1000
person-years), Europe (25.17 per 1000 person-years),
Australasia (18.12 per 1000 person-years), and
intercontinental (12.51 per 1000 person-years).

Twenty-three studies of the identified studies demon-
strated the baseline age. The mean (SD) baseline age was
30.8 (2.6) years old (range from 23.9 to 35.3). The incidence
rate of T2DM after GDM was significantly higher among
women with age ≥ 30 years than those with age < 30 years

(32.10 (95% CI, 27.82-36.39) vs. 13.25 (95% CI, 11.37-
15.12) per 1000 person-years, P < 0:001) (Figure S2).

Fifteen studies in our meta-analysis reported a baseline
BMI. The mean (SD) baseline BMI was 25.7 (2.9) kg/m2

(range from 20.9 to 30.9). As the average BMI of Asian
women was lower than that of non-Asian women among
the identified studies (23.04 kg/m2 vs 27.53 kg/m2), we con-
ducted stratified analysis of baseline BMI by analyzing Asian
and non-Asian women separately. Six studies from Asian
countries and nine from non-Asian countries reported a
baseline BMI. The incidence rate of T2DM after GDM was
higher among Asian women whose BMI ≥ 23 kg/m2 (45.67
per 1000 person-years) than those with BMI < 23 kg/m2

(11.11 per 1000 person-years) (P < 0:001) (Figure S3).
Similarly, the incidence rate of T2DM after GDM was
significantly higher in non-Asian women with baseline
BMI ≥ 25 kg/m2 than those with baseline BMI < 25 kg/m2

(22.08 vs. 10.26 per 1000 person-years, P < 0:001)
(Figure S4).

In addition, study design and sample size might influence
the results. The incidence rate of T2DM of prospective
studies was 31.79 per 1000 person-years, significantly higher
than 22.68 per 1000 person-years of retrospective studies
(P = 0:01) (Figure S5). Studies with small sample size seem
to reported higher incidence rate than those with large
sample size (P < 0:001) (Figure S6).

Notably, the diagnostic criteria for GDM and T2DM in
the primary studies also seem to be associated with the risk.
The incidence of T2DM after GDM was highest when apply-
ing the Carpenter and Coustan (43.08) diagnostic criteria for
GDM, followed by the International Workshop-Conference
on GDM (39.23), NDDG (32.40), countrywide criteria
(32.17), WHO (30.47), EASD (22.32), other (21.34), self-
reported (11.06), and IADPSG (7.16 per 1000 person-years)
(P < 0:001) (Figure S7). The incidence of T2DM after GDM
for different diagnostic criteria for T2DM per 1000 person-
years were as follows: 45.27 for ADA, 29.23 for NDDG,
28.13 for WHO, 22.94 for other criteria, 17.64 for mixed
criteria, and 14.27 for self-reported (P < 0:001) (Figure S8).

Moreover, in one study by Cho [30], the incidence of
T2DM stratified according to GDM status and the number
of prepregnancy risk factors were reported. In women with
or without GDM, the incidence rate of T2DM increased with
the number of prepregnancy risk factors. Women with GDM
had a higher incidence of T2DM than those without GDM
but with the same number of prepregnancy risk factors.
The incidence of T2DM was highest in women with both
GDM and four prepregnancy risk factors (57.29 per 1000
person-years) and was lowest in those with neither GDM
nor prepregnancy factors (3.19 per 1000 person-years)
(Figure S9).

4. Discussion

The incidence rate of T2DM after GDM was found to be
26.20 per 1000 person-years through the present meta-
analysis. The risk of developing T2DM was greater for
women with GDM from Asia, with increased age, and with
higher BMI in prospective studies, whereas the risk was lower

1069 potential relevant
articles identified

672 articles excluded after
review of titles relevant

397 abstracts retrieved

238 articles excluded after
review of abstracts relevant

159 full manuscripts
retrieved

115 articles excluded
9 not enough data to estimate incidence rate
25 intervention for delaying diabetes
21 duration of follow-up less than 1 year
60 sample sizes of GDM less than 300

44 eligible for inclusion
in meta-analysis

16 excluded (duplicate reports on
the same study population)

28 independent studies
included in meta-analysis

of prevalence of type 2
diabetes after gestational

diabetes

Figure 1: Flowchart of the selection of studies included in meta-
analysis.
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when applying the IADPSG criteria to diagnose GDM. Fur-
thermore, the risk of developing T2DM increased linearly
with the duration of follow-up.

Although quite a few reviews andmeta-analysis [3, 52–55]
have evaluated the relative risk of T2DM after GDM, there are
no available meta-analyses on the incidence rate of T2DM

after GDM. This meta-analysis is the first to our knowledge
to calculate the incidence rate of T2DM among women with
a history of GDM.

The incidence rates of T2DM quoted in our included lit-
eratures have been extremely variable. Some characters of the
studies affect the estimate rate. The highest conversion from
GDM to T2DM in Asian populations in our finding might, in
part, explain why Asia has emerged as the major area with a
rapidly developing T2DM epidemic [56]; apart from that,
Asia has the highest prevalence of GDM [57]. In Asian coun-
tries, the T2DM epidemic is characterized by onset at a lower
BMI than in Western populations [58], which is also consis-
tent with our finding. That is also why we performed sub-
group analysis of baseline BMI by separating Asian and
non-Asian populations and according to Asia-specific BMI
cut points [59] in Asian populations. However, the reasons
why Asians have a higher risk of T2DM at a lower BMI are
unclear. It has been suggested that for a given BMI, Asians
have a higher percentage of body fat and more visceral adi-
pose tissue compared with other racial/ethnic groups [60].
Low BMI and a tendency toward greater abdominal obesity
put Asian people at high risk of β-cell dysfunction and insu-
lin resistance thus triggering T2DM [58].

Aside from populations, the large variation in the subse-
quent development of type 2 diabetes may also be due to the
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use of diverse diagnostic criteria for GDM. Diagnostic cri-
teria for GDM have rapidly evolved during the past few
decades. The IADPSG recommendations [38] are the first
evidence-based, large-scale guideline established in 2010
based on glucose levels associated with adverse pregnancy
outcomes in the HAPO Study [61] and in other studies.
Duran et al. found the application of the new IADPSG cri-
teria was associated with a 3.5-fold increase in GDM preva-
lence compared with the traditional Carpenter-Coustan
criteria [62], as well as significant improvements in preg-
nancy outcomes. But there are few studies exploring the
long-term outcomes of IADPSG-defined GDM until now.
We found the incidence rate of T2DM was lowest among
those with IADPSG-defined GDM (7.16 per 1000 person-
years) compared with GDM defined by other diagnostic cri-
teria. In the ATLANTIC-DIP study of white Europeans [63],

270 women with a history of GDM based on IADPSG criteria
were followed up to 5 years (a mean follow-up of 2.6 years)
postpartum. In total, six women demonstrated T2DM; thus,
the incidence rate of 8.55 per 1000 person-years was similar
to our finding. They also found the that cumulative incidence
of abnormal glucose tolerance between women meeting the
IADPSG criteria only and those meeting the modified
WHO 1999 criteria only was of no significant differences
(P = 0:798). It seems their findings were different from ours.
However, it is uncertain, since they assessed incidence of
abnormal glucose tolerance which included impaired fasting
glucose, impaired glucose tolerance, and diabetes. Even if the
incidence rate of T2DM after the IADPSG-defined GDM
reduced, given the rising prevalence of GDM defined by
IADPSG, the trend of T2DM associated with GDM is unclear
which needs to be explored further.
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Notably, the risk of developing T2DM after GDM tended
to increase linearly with the duration of follow-up. For exam-
ple, women who suffered from GDM during the age of 31
years old would have a risk of 19.72% for developing
T2DM in the age 41 years old and a risk of 39% in the age
61 years old. A systematic review including 28 studies per-
formed by Kim et al. in 2002 [53] showed that the progres-
sion to type 2 diabetes increased markedly within the first 5
years after delivery and appeared to plateau after ten years,
which was not consistent with ours. The substantial differ-
ences might lie in the duration of follow-up. The follow-up
time was shorter than five years among 67.86% of his studies,
while 60.71% of our studies had a duration of follow-up of
more than five years after GDM.

Our study has important implications. Existing reviews
often accessed the relative risk of T2DM among GDM and
their peers, which could not give an intuitive concept to phy-
sicians and patients. Our study provided an absolute risk of
T2DM among women with GDM, which might motivate
these affected mothers to attend screening programmes thus
help guide lifestyle management and monitoring to reduce
the future risk of T2DM.

Strengths of this meta-analysis include the strict inclu-
sion criteria, the large number of patients analyzed, the
robustness of the findings in subgroup analyses, and the rela-
tionship between follow-up duration and risk of T2DM.

Like all meta-analyses, our study has the limitation of
being a retrospective analysis. Another limitation is the lack
of individual participant data, which precluded stratifying
results according to insulin use during pregnancy, family his-
tory of diabetes, and polycystic ovary syndrome which are
the high risk factors for T2DM. However, in the study by
Cho, the incidence rate of T2DM seemed to be associated
with the number of prepregnancy risk factors. It suggests that
multiple prepregnancy risk factors other than GDM might
also increase the risk of developing T2DM. Further studies,
including well-designed clinical trials, are warranted to eluci-
date the specific pathogenic mechanisms and the impact of
other potential risk factors.

Despite these limitations, this study is, to our knowledge,
the first meta-analysis to quantify the future onset risk of
T2DM in women with GDM. The findings add an important
insight into the trajectory of the development of type 2 diabe-
tes in the long-term postpartum periods.

5. Conclusion

In conclusion, this meta-analysis provided overall estimates
of T2DM incidence rates in women with previous GDM,
which showed substantial differences according to geo-
graphic region, age, baseline BMI, and diagnostic criteria
for GDM and T2DM. Furthermore, we found that the risk
of T2DM increased linearly by 9.6‰ for every additional
one year of follow-up after GDM.
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Figure S1: forest plot of incidence rates of T2DM after GDM
per 1000 person-years of follow-up stratified by geographic
region. Horizontal lines indicate 95% CIs. Differences in
T2DM rates after GDM according to geographic region were
statistically significant (P < 0:001). Figure S2: forest plot of
incidence rates of T2DM after GDM per 1000 person-years
of follow-up stratified by baseline age. Horizontal lines indi-
cate 95% CIs. The incidence rate of T2DM after GDM was
significantly higher among women with age ≥ 30 years than
those with age < 30 years (P < 0:001). Figure S3: forest plot
of incidence rates of T2DM after GDM per 1000 person-
years of follow-up stratified by BMI of Asian. Horizontal
lines indicate 95% CIs. The incidence rate of T2DM after
GDM was higher among Asian women whose BMI ≥ 23 kg/
m2 than those with BMI < 23 kg/m2 (P < 0:001). Figure S4:
forest plot of incidence rates of T2DM after GDM per 1000
person-years of follow-up stratified by BMI of non-Asian.
Horizontal lines indicate 95% CIs. The incidence rate of
T2DM after GDM was significantly higher in non-Asian
women with baseline BMI ≥ 25 kg/m2 than those with base-
line BMI < 25 kg/m2 (P < 0:001). Figure S5: forest plot of
incidence rates of T2DM after GDM per 1000 person-years
of follow-up stratified by study design. Horizontal lines indi-
cate 95% CIs. The incidence rate of T2DM of prospective
studies was significantly higher than retrospective studies
(P = 0:01). Figure S6: forest plot of incidence rates of
T2DM after GDM per 1000 person-years of follow-up strat-
ified by sample size of GDM. Horizontal lines indicate 95%
CIs. Studies with small sample size reported higher incidence
rate than those with large sample size (P = 0:01). Figure S7:
forest plot of incidence rates of T2DM after GDM per 1000
person-years of follow-up stratified by GDM criteria.
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Horizontal lines indicate 95% CIs. The incidence of T2DM
after GDM was highest when applying the Carpenter and
Coustan (43.08) diagnostic criteria for GDM and was lowest
when applying IADPSG (7.16 per 1000 person-years)
(P < 0:001). Figure S8: forest plot of incidence rates of
T2DM after GDM per 1000 person-years of follow-up strat-
ified by T2DM criteria. Horizontal lines indicate 95% CIs.
The incidence of T2DM after GDM for different diagnostic
criteria for T2DM per 1000 person-years was significantly
different (P < 0:001). Figure S9: incidence rate of type 2 dia-
betes stratified by GDM status and the number of prepreg-
nancy risk factors according to the study of Cho [30].
(Supplementary Materials)
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