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Association of gestational diabetes mellitus with overall and type 
specific cardiovascular and cerebrovascular diseases: systematic 
review and meta-analysis
Wenhui Xie,1 Yu Wang,2 Shiyu Xiao,3,4 Lin Qiu,5 Yang Yu,2 Zhuoli Zhang1

AbstrAct
Objective
To quantify the risk of overall and type specific 
cardiovascular and cerebrovascular diseases as well 
as venous thromboembolism in women with a history 
of gestational diabetes mellitus.
Design
Systematic review and meta-analyses.
Data sOurces
PubMed, Embase, and the Cochrane Library from 
inception to 1 November 2021 and updated on 26 
May 2022.
review methODs
Observational studies reporting the association 
between gestational diabetes mellitus and incident 
cardiovascular and cerebrovascular diseases were 
eligible. Data, pooled by random effects models, are 
presented as risk ratios (95% confidence intervals). 
Certainty of evidence was appraised by the Grading of 
Recommendations, Assessment, Development, and 
Evaluations.
results
15 studies rated as moderate or serious risk of bias 
were included. Of 513 324 women with gestational 
diabetes mellitus, 9507 had cardiovascular and 
cerebrovascular disease. Of more than eight million 
control women without gestational diabetes, 78 895 
had cardiovascular and cerebrovascular disease. 
Compared with women without gestational diabetes 
mellitus, women with a history of gestational diabetes 
mellitus showed a 45% increased risk of overall 
cardiovascular and cerebrovascular diseases (risk 

ratio 1.45, 95% confidence interval 1.36 to 1.53), 
72% for cardiovascular diseases (1.72, 1.40 to 2.11), 
and 40% for cerebrovascular diseases (1.40, 1.29 
to 1.51). Women with gestational diabetes mellitus 
showed increased risks of incident coronary artery 
diseases (1.40, 1.18 to 1.65), myocardial infarction 
(1.74, 1.37 to 2.20), heart failure (1.62, 1.29 to 2.05), 
angina pectoris (2.27, 1.79 to 2.87), cardiovascular 
procedures (1.87, 1.34 to 2.62), stroke (1.45, 1.29 
to 1.63), and ischaemic stroke (1.49, 1.29 to 1.71). 
The risk of venous thromboembolism was observed to 
increase by 28% in women with previous gestational 
diabetes mellitus (1.28, 1.13 to 1.46). Subgroup 
analyses of cardiovascular and cerebrovascular 
disease outcomes stratified by study characteristics 
and adjustments showed significant differences by 
region (P=0.078), study design (P=0.02), source 
of data (P=0.005), and study quality (P=0.04), 
adjustment for smoking (P=0.03), body mass index 
(P=0.01), and socioeconomic status (P=0.006), and 
comorbidities (P=0.05). The risk of cardiovascular and 
cerebrovascular diseases was, however, attenuated 
but remained significant when restricted to women 
who did not develop subsequent overt diabetes (all 
gestational diabetes mellitus: 1.45, 1.33 to 1.59, 
gestational diabetes mellitus without subsequent 
diabetes: 1.09, 1.06 to 1.13). Certainty of evidence 
was judged as low or very low quality.

cOnclusiOns
Gestational diabetes mellitus is associated 
with increased risks of overall and type specific 
cardiovascular and cerebrovascular diseases 
that cannot be solely attributed to conventional 
cardiovascular risk factors or subsequent diabetes.

Introduction
The estimated prevalence of gestational diabetes 
mellitus, defined as glucose intolerance with first 
onset during pregnancy, ranges from 1% to >30%.1  2 
During pregnancy, gestational diabetes mellitus is 
associated with excess risks of adverse maternal and 
neonatal outcomes, including pre-eclampsia, preterm 
birth, stillbirth, large for gestational age, and neonatal 
hyperinsulinaemia.3-5 Although gestational diabetes 
mellitus usually resolves after birth, a growing number 
of long term observational studies suggest that the 
impact persists over time. For example, women with a 
history of gestational diabetes mellitus were reported 
to be at increased risks of developing type 2 diabetes, 
metabolic syndrome, and chronic kidney disease later 
in life.6-9

The increased cardiovascular risk in women with 
gestational diabetes mellitus has been increasingly 
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WhAt Is AlreAdy knoWn on thIs topIc
The overall increased risk of cardiovascular diseases in women with a history of 
gestational diabetes mellitus has been increasingly recognised
The impact of gestational diabetes mellitus on type specific cardiovascular and 
cerebrovascular diseases as well as on venous thromboembolism is, however, 
largely unclear

WhAt thIs study Adds
In this meta-analysis of 15 unique studies involving more than eight million 
women, a history of gestational diabetes mellitus was associated with 
significantly increased risks of overall cardiovascular and cerebrovascular 
diseases and diverse common cardiovascular and cerebrovascular diseases to 
varying degrees
The findings cannot be solely attributed to conventional cardiovascular risk 
factors or subsequent diabetes
The results highlight the need for early intervention in women at high risk of 
gestational diabetes mellitus, and for continuous monitoring of women with 
gestational diabetes mellitus
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recognised. A meta-analysis found a nearly twofold 
higher risk of future overall cardiovascular and 
cerebrovascular disease in such women, but the 
analyses on type specific cardiovascular and 
cerebrovascular diseases as well as on venous 
thromboembolism were not further evaluated.10 In 
recent years, the association between gestational 
diabetes mellitus and type specific cardiovascular 
and cerebrovascular diseases is gradually being 
reported.7 10 One of the studies, which included women 
with gestational diabetes mellitus with and without 
future development of diabetes mellitus, reported 
that both groups of women were at increased risks of 
coronary artery diseases.7 Yet knowledge about specific 
cardiovascular diseases such as myocardial infraction 
and heart failure in women with gestational diabetes 
mellitus is still largely limited. To a large extent, there is 
a sparsity of evidence on the association of gestational 
diabetes mellitus with cerebrovascular outcomes and 
venous thromboembolism. We therefore performed 
a systematic review and meta-analysis of available 
evidence from observational studies to quantify the 
risks of overall and type specific cardiovascular and 
cerebrovascular diseases in women with gestational 
diabetes mellitus.

Methods
We developed and followed a protocol for all steps 
of our systematic review and meta-analysis (see 
supplementary appendices S1 and S2 for the updated 
study protocol and protocol deviations). The study was 
reported in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis 
(PRISMA) guidelines.11

literature search and inclusion criteria
We searched PubMed, Embase, and the Cochrane Library 
from inception to 1 November 2021 for potentially 
relevant studies without language restrictions using 
the search terms: exposure (gestational diabetes or 
gestational diabetes mellitus or pregnancy diabetes 
or pregnancy diabetes mellitus) and outcome 
(cardiovascular diseases or cerebrovascular disorders 
or venous thromboembolism or cardiovascular 
or cerebrovascular or coronary artery disease* or 
coronary heart disease* or cardiac or ischaemic heart 
disease* or cardio-cerebrovascular or myocardial 
infarction or heart failure or angina pectoris or cerebral 
or stroke or transient ischaemic attack or pulmonary 
embolism or deep vein thrombosis). The search was 
updated on 26 May 2022. Supplementary appendix S3 
provides full details of the search strategy. In addition, 
we hand searched reference lists of included articles, 
and we also searched for relevant studies from the 
abstracts of conference proceedings of the American 
Diabetes Association, European Association for the 
Study of Diabetes, and Annual Meeting of the Society 
for Maternal-Fetal Medicine (2017-22).

We considered studies eligible for inclusion if 
they: were observational studies with a retrospective 
or prospective cohort or case-control (including 

nested case-control) design (cross sectional studies 
were excluded because the order of occurrence of 
gestational diabetes mellitus and cardiovascular or 
cerebrovascular disease is usually hard to determine); 
reported at least one cardiovascular or cerebrovascular 
disease or episode of venous thromboembolism in 
women with a history of gestational diabetes mellitus; 
included a comparator of women without gestational 
diabetes mellitus; and presented risk ratios (or odds 
ratios, hazard ratios, incidence rate ratios) with 95% 
confidence intervals. Studies were excluded if they 
lacked an eligible control group or relevant data on 
outcomes of cardiovascular and cerebrovascular 
disease. We also excluded publications without original 
data, such as reviews, editorials, and comments. If 
studies comprised overlapping cohorts, we chose 
for analysis the study with the largest cohort or most 
detailed information. Potential studies in non-English 
were translated with the aid of translation software or 
translators if necessary. Study selection was performed 
in two phases: primary screening of title and abstract, 
then full text review of potentially eligible articles. Two 
review authors (WX and YW) independently evaluated 
eligibility, with discrepancies resolved by a third 
investigator (ZZ).

Data extraction and outcome assessments
Two authors (WX and YW) independently extracted 
data from eligible studies using piloted data 
extraction sheets. Extracted data included first 
author, publication year, country, setting, duration 
of follow-up, study design, data source (national or 
local database), enrolment period, ascertainment of 
gestational diabetes mellitus and cardiovascular and 
cerebrovascular diseases, sample size, personal and 
clinical features of the participants, outcome variables 
of interest, and adjustment variables.

The primary outcome was the association of 
gestational diabetes mellitus with overall and 
type specific cardiovascular and cerebrovascular 
diseases. Secondary outcomes were the association 
of gestational diabetes mellitus with type specific 
cardiovascular and cerebrovascular diseases as well 
as venous thromboembolism (including deep vein 
thrombosis and pulmonary embolism). Cardiovascular 
and cerebrovascular diseases was defined as the 
composite of cardiovascular diseases (including 
angina pectoris, myocardial infarction, coronary artery 
diseases, cardiovascular procedures, heart failure, and 
cardiovascular death) and cerebrovascular diseases 
(ischaemic stroke, haemorrhagic stroke, and transient 
ischaemic attack).

risk of bias and certainty of evidence assessment
Two reviewers (WX and YW) independently assessed 
the risk of bias of selected studies according to the Risk 
of Bias in Nonrandomised Studies of Interventions 
(ROBINS-I) tool.12 This tool consists of seven domains, 
with bias assessed as due to: confounding, selection of 
participants, exposure assessment, misclassification 
during follow-up, missing data, outcome assessment, 
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and selective reporting. Two reviewers (WX and YW) 
rated the risk of each domain as either low, moderate, 
serious, critical, or no information. Supplementary 
appendix S4 provides a detailed description and 
decision criteria for each domain in ROBINS-I. A senior 
investigator (ZZ) resolved discrepancies.

Two investigators (WX and YW) independently 
assessed certainty of evidence for each outcome, 
with discrepancies resolved by a third reviewer (ZZ). 
Certainty of evidence was evaluated using the Grading 
of Recommendations Assessment, Development, 
and Evaluation (GRADE) framework, which divides 
evidence into very low, low, moderate, and high 
levels.13 The quality of evidence from observational 
studies is initially categorised as low and then 
upgraded or downgraded based on predefined 
criteria. Quality can be upgraded for large effect sizes 
(risk estimates >2 or <0.5 in the absence of plausible 
confounders), dose-response gradient, or attenuation 
of the pooled risk estimates by plausible confounders. 
Conversely, quality can be downgraded for risk of 
bias (≥25% of the contributing studies were assessed 
as serious risk of bias), inconsistency (substantial 
between study heterogeneity, I2 ≥50%), indirectness 
(presence of factors limiting generalisability of the 
results), imprecision (95% confidence intervals for 
risk estimates are wide or cross a minimally important 
difference of 10% for outcomes (risk ratio 0.9 to 1.1)), 
and publication bias (evidence of small study effects).

Data synthesis and analysis
Extracted data for meta-analysis were analysed with 
Stata Statistical Software version 13.0 and R statistical 
language version R 3.6.0. The P values were two sided, 
with an alpha level of 0.05 considered significant. 
Random effect models (DerSimonian and Laird 
method) were used to calculate pooled risk ratios 
with 95% confidence intervals for the association 
between gestational diabetes mellitus and risk of 
cardiovascular and cerebrovascular events. Hazard 
ratios and incidence rate ratios were used as good 
estimators of risk ratios to carry out the statistical 
estimations. Because the incidence of cardiovascular 
and cerebrovascular diseases was relatively low in 
women with gestational diabetes mellitus, odds 
ratios can be used to approximate risk ratios.14 
We selected risk estimates from the multivariate 
models that were fully adjusted for confounders. For 
studies that only reported the risk estimates for type 
specific cardiovascular and cerebrovascular diseases, 
however, in the absence of overall cardiovascular and 
cerebrovascular diseases, we summarised type specific 
risk estimates using either fixed effects or random 
effects model based on the level of heterogeneity 
to obtain a combined risk estimates of the study; 
then we entered the combined risk estimate into the 
main pooled analysis.15 The heterogeneity across 
studies was quantified using the I2 statistic (0-25% 
low heterogeneity, 25-50% moderate heterogeneity, 
50-75% substantial heterogeneity, 75-100% high 
heterogeneity).

To identify the subgroup differences and potential 
sources of the observed heterogeneity, we carried 
out subgroup analyses after stratifying for median 
year of publication (before 2017 v after 2017), study 
location (North America v Europe v Asia), study 
design (prospective v retrospective), source of data 
(nationwide v local database), median duration 
of follow-up (>10 years v ≤10 years), method for 
ascertaining gestational diabetes mellitus (diagnostic 
code v self-report v oral glucose tolerance test), method 
for ascertaining cardiovascular and cerebrovascular 
diseases (diagnostic code v others), median sample 
size (≥100 000 v <100 000), number of cardiovascular 
and cerebrovascular disease events (≥2500 v <2500), 
and quality of study (moderate risk of bias v serious 
risk of bias). To explore whether the association of 
gestational diabetes mellitus with cardiovascular 
and cerebrovascular disease was influenced by 
potential confounders, we performed additional 
analyses, stratified by several factors, including race, 
smoking status, body mass index, socioeconomic 
status, education level, parity, comorbidities, and 
pregnancy complications. A P value of <0.10 for 
differences in estimates between these subgroups was 
considered significant. In addition, to assess the role 
of subsequent diabetes in the association between 
gestational diabetes mellitus and cardiovascular and 
cerebrovascular disease, we further analysed the 
risk estimate for cardiovascular and cerebrovascular 
disease in all women with gestational diabetes mellitus 
and in women with gestational diabetes mellitus who 
did not develop future overt diabetes. To evaluate the 
robustness of pooled results, we performed sensitivity 
analyses by excluding studies one by one, excluding 
the case-control study, and exclusively including 
the studies with direct risk estimates for overall 
cardiovascular and cerebrovascular disease. Potential 
publication bias was assessed by visualisation of 
asymmetry in funnel plots (≥10 included studies) in 
combination with both Egger’s test and Begg’s test.

Patient and public involvement
No patients or members of the public were directly 
involved in the development or completion of this 
study owing to time and funding constraints. However, 
major motivators for research team to complete this 
study were the first author’s (WX) experience in the 
management of women with gestational diabetes 
mellitus during rotation in the endocrinology 
department, and the strong interest expressed by 
patients, endocrinologists, and cardiologists in the 
association between gestational diabetes mellitus and 
cardiovascular and cerebrovascular outcomes.

results
study selection, characteristics, and quality 
assessment
In our initial and updated search, we identified 
32 674 records after the removal of duplicates. Based 
on screening of titles and abstract reviews, the full 
text of 100 articles was subsequently reviewed. 
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Fifteen studies were eligible for data extraction and 
quantitative analysis.7 16-29Figure 1 shows the flow of 
records through the review, supplementary appendix 
S5 includes a list of excluded studies with reasons, and 
supplementary table S1 summarises the characteristics 
of the included articles. The included studies were 
based on 14 datasets and published between 2006 and 
2022. Of these studies, four were from Canada,7 20 24 26 
three from the United States,16 19 22 two from the United 
Kingdom,23 29 and one each from Israel,17 Sweden,18 
France,21 Iran,25 Korea,27 and Denmark.28 The studies 
comprised either a retrospective7 16 17 19-21  23 24 26 or 
prospective cohort design,22 25 27-29 except for one 
study, which used a case-control design.18 Apart from 
one conference abstract,29 the remaining studies 
were published as full text. All studies reported the 
case ascertainment of gestational diabetes mellitus, 
mostly based on diagnostic codes (eg, international 
classification of diseases)7 19 21 23 24 26-29 (see 
supplementary table S1). Of the remaining studies, 
three used self-report of doctors’ diagnosis16 22 25 and 
three used the results of an oral glucose tolerance 
test.17 18 20 In most of the studies, cardiovascular 
and cerebrovascular disease was ascertained using 

diagnostic codes from the international classification 
of diseases.7 17-21 23 24 27-29

Of almost nine million women included in the studies, 
102 470 had cardiovascular or cerebrovascular disease. 
Of 513 324 women with gestational diabetes mellitus, 
9507 had cardiovascular and cerebrovascular disease. 
Of more than eight million control women without 
gestational diabetes, 78 895 had cardiovascular 
and cerebrovascular disease. Supplementary table 
S1 presents the baseline personal and demographic 
characteristics of the two groups. Table 1 summarises 
the outcomes of interest, risk estimates, and 
adjustments across included studies. According to 
the ROBINS-I tool, seven studies showed a moderate 
overall risk of bias18 19 22 23 26 28 29 and eight a serious 
overall risk of bias.7  16  17  20  21  24  25  27 Supplementary 
table S2 presents the detailed assessment of risk of 
bias for each domain.

Primary outcome: overall cardiovascular and 
cerebrovascular diseases
The association between gestational diabetes mellitus 
and overall cardiovascular and cerebrovascular 
diseases could be assessed in 14 eligible studies. 
Compared with women without gestational diabetes 
mellitus, women with a history of gestational diabetes 
mellitus showed a 45% increased risk of developing 
overall cardiovascular and cerebrovascular diseases 
(risk ratio 1.45, 95% confidence interval 1.36 to 1.53) 
(fig 2, supplementary figure S1). Heterogeneity of all 
cardiovascular and cerebrovascular diseases across all 
studies was very low (I2=19%). Separately, the risks 
of developing cardiovascular and cerebrovascular 
diseases were reported in 12 and nine studies, with 
pooled risk ratios of 1.72 (95% confidence interval 
1.40 to 2.11, I2=91%) and 1.40 (1.29 to 1.51, I2=0%), 
respectively (fig 2, supplementary figures S2 and 
S3). Further leave-one-out sensitivity analysis or 
excluding each study one by one, excluding the case-
control study18 and excluding the studies without 
direct information on the risk estimates for total 
cardiovascular and cerebrovascular diseases17192324 
suggested that the pooled estimate of the primary 
outcome of gestational diabetes mellitus was robust 
and not influenced excessively (see supplementary 
figures S4-S6). We found no evidence of publication bias 
through visualisation of funnel plots and the results of 
Egger’s and Begg’s tests (fig 2, supplementary figure 
S7). Supplementary table S3 summarises the quality 
of evidence based on the GRADE framework. For the 
outcomes of cardiovascular and cerebrovascular 
diseases overall and separately, these findings were 
considered as either low or very low quality evidence.

secondary outcome: type specific cardiovascular 
and cerebrovascular diseases
Women with a history of gestational diabetes mellitus 
showed substantially increased risks of subsequent 
coronary artery diseases (risk ratio 1.40, 95% 
confidence interval 1.18 to 1.65, I2=0%), myocardial 
infarction (1.74, 1.37 to 2.20, I2=85%), heart failure 

Records retrieved through
hand searching of reference
lists and major proceedings

Reports excluded
Ineligible population
No outcome of interest
Duplication population
No eligible control
Insufficient data
Case report or series
Review, protocol

21
16
15
10

9
8
6

Records retrieved through
database searching
PubMed
Embase
Cochrane library

11 305
28 536

1070

Remaining records aer duplicates removed

Records excluded

Full reports sought for retrieval

Studies included in review

32 574

Reports not retrieved

32 674

100

Reports assessed for eligibility
100

85

15

3240 911

0

Fig 1 | literature flowchart
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(1.62, 1.29 to 2.05, I2=86%), angina pectoris 
(2.27, 1.79 to 2.87, I2=80%), and cardiovascular 
procedures (1.87, 1.34 to 2.62, I2=83%) compared 
with women without gestational diabetes mellitus 
(fig 2, supplementary figures S8-S12). The summary 
risk ratios for overall stroke, ischaemic stroke, and 
haemorrhagic stroke were 1.45 (95% confidence 
interval 1.29 to 1.63, I2=31%), 1.49 (1.29 to 1.71, 
I2=40%), and 1.44 (1.16 to 1.78, I2=0%), respectively 
(fig 2, supplementary figures S13-S15). In addition, 
women with previous gestational diabetes mellitus 
showed a significantly increased risk of venous 
thromboembolism compared with their peers (risk ratio 
1.28, 95% confidence interval 1.13 to 1.46, I2=0%) 
(fig 2, supplementary figure S16). Neither Egger’s test 
nor Begg’s test showed evidence of publication bias 
for the association of gestational diabetes mellitus 
with type specific cardiovascular and cerebrovascular 
diseases (fig 2). According to the GRADE framework, 
the overall quality of evidence was very low for type 
specific cardiovascular and cerebrovascular outcomes 
(supplementary table S3).

subgroup analyses
Gestational diabetes and cardiovascular and 
cerebrovascular diseases
To investigate the presence of subgroup differences for 
the outcome of cardiovascular and cerebrovascular 
diseases, we conducted subgroup analyses according 
to the characteristics of eligible studies, including 
publication year, region, study design, setting, data 
source, follow-up period, method for ascertainment 
of gestational diabetes mellitus or cardiovascular 
and cerebrovascular diseases, sample size, number 
of events, and quality of study. Significant differences 
between subgroups were detected by region (P=0.08), 
study design (P=0.02), source of data (P=0.005), and 
quality of study (P=0.04) as well (fig 3, supplementary 
figures S17-S26). This association was weakened 
overall in the national, prospective and moderate 

risk of bias studies compared with local, retrospective 
and serious risk of bias studies. To establish whether 
the associations could be influenced by confounding 
factors, we performed subgroup analyses adjusting for 
factors such as ethnicity, smoking status, body mass 
index, socioeconomic status, education level, parity, 
comorbidities, and pregnancy complications. The 
test for subgroup differences showed a statistically 
significant subgroup effect for smoking (P=0.03), 
body mass index (P=0.01), and socioeconomic status 
(P=0.006), and for comorbidities (P=0.05), suggesting 
that these factors might statistically significantly 
modify the association between gestational diabetes 
mellitus and cardiovascular and cerebrovascular 
diseases (fig 4, also see supplementary figures 
S27-S34). The association was attenuated in the 
studies that adjusted for smoking, body mass index, 
and comorbidities but enhanced in the studies that 
adjusted for socioeconomic status.

In addition, we investigated the role of future 
overt diabetes on risk of overall cardiovascular and 
cerebrovascular diseases in women with previous 
gestational diabetes mellitus. Eight studies reported 
the risk of overall cardiovascular and cerebrovascular 
diseases in both women with gestational diabetes 
mellitus and women who did not develop future overt 
diabetes.7 18 21 22 24 25 27 28 Results of the eight studies 
showed a risk ratio for future incident cardiovascular 
and cerebrovascular diseases of 1.45 (1.33 to 1.59, 
I2=42%) in all women with gestational diabetes 
mellitus. When restricted to the women who did not 
develop future overt diabetes, the association was 
attenuated but remained significant (1.09, 1.06 to 
1.13, I2=31%) (fig 5).

Gestational diabetes and cardiovascular diseases
Subgroup analyses to explore potential sources 
of significant heterogeneity were inconclusive for 
cardiovascular diseases, although heterogeneity was 
reduced in certain specific subgroups, such as studies 
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Fig 2 | risk ratios for cardiovascular and cerebrovascular outcomes in women with a history of gestational diabetes mellitus
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published before 2017 (I2=0%), retrospective studies 
(I2=14%), studies with ≤10 years of follow-up (I2=0%), 
and adjustment for race (I2=0%) (see supplementary 
tables S4 and S5).

discussion
Principal findings
The findings of this systematic review and meta-
analysis of more than eight million women suggest that 
those with a history of gestational diabetes mellitus are 
at significantly increased risks of cardiovascular and 
cerebrovascular diseases in general and at variable 
risks for most common types of cardiovascular and 
cerebrovascular diseases, including myocardial 
infarction, heart failure, stroke, and venous 
thromboembolism, even after accounting for ethnicity, 

sociodemographic characteristics, education level, 
conventional risk factors for cardiovascular and 
cerebrovascular diseases, and future incident 
diabetes. The findings also highlight the need for 
early intervention in women at high risk of gestational 
diabetes mellitus, and for continuous monitoring of 
women with a history of gestational diabetes mellitus 
after pregnancy.

comparison with other studies
In recent years, increasing numbers of observational 
studies have reported the increased risk of adverse 
cardiovascular outcomes in women with gestational 
diabetes mellitus compared with their peers without 
gestational diabetes mellitus. Previous meta-analysis, 
based on nine studies, concluded that a history of 
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Fig 3 | subgroup analyses of association between gestational diabetes mellitus and overall cardiovascular and cerebrovascular diseases according 
to study characteristics. rObins-i=risk of bias in nonrandomised studies of interventions
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gestational diabetes mellitus was associated with 
1.98 times increased risk of future cardiovascular 
events overall, although the 95% confidence were 
relatively wide and the level of heterogeneity was high 
(1.57 to 2.50, I2=98.6%, respectively).10 Moreover, 
the influence of gestational diabetes mellitus on type 
specific cardiovascular and cerebrovascular diseases 
or venous thromboembolism was not analysed at 
all. in their research. To date, the association of 
gestational diabetes mellitus with cerebrovascular 
events and venous thromboembolism is still 
equivocal, leaving a large knowledge gap on this 
topic. In our systematic review and meta-analysis, 
we found that women with a history of gestational 
diabetes mellitus had a 1.45-fold increased 
risk of developing incident cardiovascular and 
cerebrovascular diseases overall, with a 1.72-fold 
and 1.40-fold increased risk of cardiovascular and 
cerebrovascular diseases, respectively. In women 
with gestational diabetes mellitus the risks of 
common types of cardiovascular and cerebrovascular 
diseases were increased to variable degrees, including 
myocardial infarction, heart failure, angina pectoris, 
cardiovascular procedures, and stroke, as well as 
venous thromboembolism. In addition, gestational 
diabetes mellitus remained associated with risk of 

cardiovascular and cerebrovascular diseases even 
after accounting for race, sociodemographic features, 
education level, and conventional risk factors for 
cardiovascular and cerebrovascular diseases.

This study had several advantages over previous 
meta-analysis.10 Firstly, we comprehensively and 
systematically studied the cardiovascular and 
cerebrovascular profiles of women with gestational 
diabetes mellitus, to obtain a more complete 
understanding of the associations. Secondly, we 
are confident that our results are reliable, because 
of robustness, lack of publication bias, and overall 
low heterogeneity. Finally, the strengths of this 
study include the large sample size and country 
representativeness, suggesting good generalisability of 
the results.

implications from subgroup analyses
In the subgroup analyses, associations between 
gestational diabetes mellitus and cardiovascular 
and cerebrovascular disease outcomes differed by 
geographical region, study design, source of data, 
quality of study, and adjustment for smoking, body 
mass index, and socioeconomic status, and for 
pre-existing comorbidities. This association was 
attenuated to different degrees, but it remained in the 
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nationwide, prospective and lower risk of bias studies. 
These high quality studies are more likely to be reliable 
and provide more precise estimates, whereas the 
biased studies could overestimate the association.30 
As for geographical region, the lowest risk of 
cardiovascular and cerebrovascular diseases in women 
with gestational diabetes mellitus was found in Europe 
compared with Asia and North America. These region 
specific differences were, however, based on a few 
reports included in each subgroup, and we also cannot 
discount spurious results in the presence of multiple 
subgroup analyses.31 32 Regarding confounders, we 
found some degree of attenuations in their association 
after adjustment for smoking status, body mass 
index, and pre-existing comorbidities. These residual 
confounding factors are generally thought to artificially 
inflate the risk estimate for cardio-cerebrovascular 
events.33-38 Conversely, the association was found to 
be more significant with adjustment for socioeconomic 
status, but this result needs to be treated with caution. 
As summarised in recent reviews, the evidence for 
the association between socioeconomic factors and 
cardiovascular and cerebrovascular diseases remains 
uncertain, with causation being speculative.39 40 In 
summary, the subgroup differences we found highlight 
the need for high quality studies on the association, 
specifically the improvement in the design of studies, 
greater geographical representation, and adequate 
control for confounding factors to fill the gaps in 
evidence.

Potential underlying mechanisms
The precise mechanisms of how gestational diabetes 
mellitus contributed to increased risk of cardiovascular 
and cerebrovascular diseases remains unknown. The 
findings from clinical investigations indicated that 
the increased cardiovascular risk is substantially 
attributable to the future development of diabetes. 
In a recent population based cohort study including 
10 02 486 women in Demark, around 23% of the 
increased risks could be explained by the subsequent 
development of type 2 diabetes.28 In the present study, 
we also found this increased risk was attenuated in 
women with gestational diabetes mellitus but no 
subsequent diabetes (risk ratio 1.09,95% confidence 
interval 1.06 to 1.13) compared with all women 
with gestational diabetes (1.45, 1.33 to 1.59) on the 
basis of eight studies. The trend is consistent with a 
previous meta-analysis (1.56, 1.04 to 2.32 for women 
with gestational diabetes mellitus but no subsequent 
diabetes),10 although the magnitude of risk estimates 
differed. This trend might be related to several factors: 
firstly, the present study included three new citations 
for this outcome,25 27 28 which concerned a relatively 
large sample size and accounted for a considerable 
proportion of women when pooling the results. In 
addition, the different methods applied to pool the 
results between two studies could have led to the 
difference. In the present study, the low level of 
heterogeneity (I2=31%) enabled us to use the fixed 
effect model with a more precise size of the effect, as 
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Fig 5 | risk ratios for overall cardiovascular and cerebrovascular diseases in all women with gestational diabetes mellitus and in women who did not 
subsequently develop diabetes
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well as narrow 95% confidence intervals. But owing 
to high heterogeneity (I2=98%) in previous meta-
analysis, the authors had to use a random effect model 
with decreased precision and reliability of the results, 
resulting in the difference in the risk estimates.

Although some pathways may be mediated through 
subsequent overt diabetes, the significantly increased 
cardiovascular risk in women with gestational diabetes 
mellitus and no subsequent diabetes indicated 
the involvement of other mechanisms. Gestational 
diabetes mellitus has acute and persistent effects 
on cardiovascular and cerebrovascular systems. The 
presence of gestational diabetes mellitus with a brief 
period of exposure to potentially intense glucose 
intolerance would contribute to endothelial changes 
and subsequent endothelial dysfunction, which would 
be further accelerated in the context of comorbidities 
such as obesity and dyslipidaemia, even without 
development of type 2 diabetes, and finally lead to 
clinically overt cardiovascular and cerebrovascular 
diseases.41 42 In a recent investigation, women with 
gestational diabetes mellitus showed a substantial 
increase in common carotid artery-intima media 
thickness than controls at 36.2 weeks of gestation 
(0.81 v 0.55, P<0.001), which may be associated 
with the increased risk of future cardiovascular and 
cerebrovascular diseases after pregnancy.43 Moreover, 
a US multicentre, community based prospective cohort 
study found a positive correlation between worsening 
glucose tolerance and substantial increase in risk of 
coronary artery calcification.44 In addition, researchers 
also found a strong association between gestational 
diabetes mellitus and increased left ventricular mass 
and impaired left ventricular relaxation and systolic 
function, which were independent of subsequent 
development of type 2 diabetes.45 In a cross sectional 
study, women with gestational diabetes mellitus had 
lower global longitudinal strain of the left ventricle 
than women with uncomplicated pregnancy.46 Thus, 
the presence of gestational diabetes mellitus appears 
to lead to endothelial dysfunction and cardiovascular 
structural change and dysfunction, which can lead 
to premature cardiovascular and cerebrovascular 
diseases in the setting of conventional cardiovascular 
risk factors.

limitations of this study
We acknowledge our study has some limitations. 
Firstly, as with all meta-analyses, the present study 
was limited by the quality of the included studies. 
Interpretation of the evidence from observational 
studies requires caution, as these study types are 
prone to selection bias, recall bias, and exaggeration of 
associations. The studies included in our meta-analysis 
were rated as either moderate or serious risk of bias, 
largely because of serious bias due to confounding (eg, 
race and ethnicity, socioeconomic status, maternal 
education). Confounding bias could affect the validity 
of our observed associations. Secondly, study designs, 
data materials, analytical approaches, periods 
covered, and quality of the studies varied, although the 

low heterogeneity partially indicated that our results 
were statistically reliable. Thirdly, no information on 
repeated measurements of the gestational diabetes 
mellitus diagnosis during follow-up are available in 
selected studies. Therefore, we cannot rule out bias 
due to misclassification during follow-up. Finally, 
using the GRADE framework we found that the low 
or very low quality evidence of study outcomes was 
largely attributed to the nature of the observational 
study design and potential confounding bias without 
adjustment for sufficient confounders. We expect 
quality of evidence to improve with future updates and 
more high quality studies.

conclusion
Our systematic review and meta-analysis showed that 
women with a history gestational diabetes mellitus are 
at substantially higher risk of future cardiovascular 
and cerebrovascular diseases overall and of diverse 
common types of cardiovascular and cerebrovascular 
diseases. This excess risk cannot be solely attributed 
to conventional cardiovascular risk factors, which 
were partially mediated by subsequent diabetes. 
The findings contribute to a more comprehensive 
understanding of the adverse cardiovascular and 
cerebrovascular outcomes associated with gestational 
diabetes mellitus. Our results highlight the need for 
early intervention in women at high risk of gestational 
diabetes mellitus, and for continuous monitoring of 
women with gestational diabetes mellitus.
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