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Abstract

Purpose The primary aim of this systematic review and meta-analysis was to determine the association between gestational
diabetes mellitus (GDM) and metabolic syndrome (MetS) in women and children. Our secondary aim was to assess the
development of MetS with respect to the elapsed time postpartum at which MetS was diagnosed.

Methods This review is registered with PROSPERO (CRD42020173319). PubMed, CINHAL, SCOPUS, and EMBASE
databases were searched. Studies reporting on the rate of MetS in pregnant women with GDM, the rate of MetS in women
with a history of GDM, and the rate of MetS in offspring exposed to GDM in utero compared to healthy controls were
selected.

Results We identified 588 articles from the literature search. Fifty-one studies were included in the review and of those 35
were included in the meta-analysis. Quantitative summary measures showed that women with a history of GDM had an
increased risk of developing MetS compared to those without a history of GDM (RR 2.36, 95% CI 1.77-3.14, 29 studies,
13,390 participants; heterogeneity: 4 p < 0.00001; I* = 93%). Offspring exposed to GDM in utero have an increased risk of
developing MetS compared to those not exposed to GDM in utero. (RR 2.07, 95% CI 1.26-3.42, three studies, 4,421
participants; heterogeneity: y* p = 0.33; I> = 12%). Women diagnosed with GDM have an increased risk of developing MetS
during pregnancy (RR 20.51, 95% CI 5.04-83.55; three studies, 406 participants; heterogeneity: 4> p = 0.96; I> = 0%).
Subgroup analysis revealed that MetS is diagnosed as early as <1 year postpartum in women with a history of GDM.
Conclusions/interpretation Women with GDM have an increased risk of developing MetS during pregnancy. Women with a
history of GDM and offspring exposed to GDM in utero have higher risks of developing MetS compared to those with no
history of GDM. Metabolic syndrome in women with a history of GDM is seen as early as <1 year postpartum.
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Abbreviations

MetS metabolic syndrome

CVD cardiovascular disease
GDM gestational diabetes mellitus
Introduction

Gestational diabetes mellitus (GDM) is impairment of glu-
cose that is first diagnosed during pregnancy, hence dif-
ferent from both type I and II diabetes mellitus. GDM is
estimated to affect one in seven pregnancies [1]. Women
with a history of GDM are more likely to be obese, have
dyslipidaemia and hypertension during the postpartum
period [2]. These women also have an approximately
sevenfold increased risk of developing type II diabetes
mellitus (T2DM) later in life [3]. The diagnostic criteria for
GDM have changed as of recent, being defined as fasting
glycaemia >5.1 mmol/l, or 1-h plasma glucose >10.0 mmol/l
and 2-h plasma glucose: 8.5 mmol/l with a 75 g oral glu-
cose tolerance test [4].

Metabolic syndrome (MetS) is defined as a cluster of
metabolic disorders, conventionally defined as three or
more of the following: central obesity, reduced high-density
lipoprotein cholesterol, hypertriglyceridemia, hyperglyce-
mia, and hypertension. However, the cut-offs for these
individual components of MetS are different between defi-
nitions [5, 6]. Both GDM and MetS share a similar etiology
and both increase the risk of chronic diseases such as T2DM
and cardiovascular disease (CVD) [3, 7-9].

GDM is promoted by an inability of p-cells to undergo
expansion. Therefore, -cells are unable to compensate for
the highly insulin resistant state leading to the subsequent
elevation of glucose during pregnancy [10]. Development
of pregnancy complications, such as GDM, is influenced by
prepregnancy lifestyle and metabolic characteristics [11].
Women with MetS are already in a state of pro-
inflammation and insulin resistance [12], therefore it is
possible that when they become pregnant, they are more
susceptible to developing GDM [13]. This association has
not been explored in a systematic review and meta-analysis.
Furthermore, GDM increases the risk of developing CVD in
later life and ~50% of women who develop GDM go on to
develop T2DM later in life [14]. Therefore, women who
may not have MetS in pregnancy or only present with one
or two components of MetS may be at risk of developing
MetS postpartum. A meta-analysis in 2014 showed that
women who experience GDM have a higher risk of
developing MetS than women with a normal pregnancy
[15]. However, the studies included in the above meta-
analysis were conducted before the implementation of the
new International Association of Diabetes in Pregnancy
Study Group (IADPSG) guidelines that recommended a

lowering of the glucose threshold for the diagnosis of GDM
[16]. As the new guidelines are known to increase the
number of women diagnosed with GDM, it is possible that
the number of metabolic risk factors in women who had
GDM will also increase. Children exposed to GDM in utero
may also be more susceptible to developing MetS, as it has
been shown that they have higher systolic blood pressure
(SBP), body mass index (BMI), and blood glucose than
those not exposed to GDM in utero [17]. To our knowledge,
no systematic review has assessed the risk for MetS among
children born to pregnancies complicated by GDM. Even
small improvements in the components of MetS such as
hypertension and dyslipidaemia can significantly reduce the
risk of ischemic heart disease in young and middle age
adults [18-20] and reducing childhood adiposity can reduce
the risk of CVD later in life [21].

Therefore, the objective of our systematic review and
meta-analysis was to evaluate the association between
GDM and MetS by determining (1) the risk of MetS in
pregnancy among women who are diagnosed with GDM,
(2) the risk for postpartum MetS among women who
experienced GDM, and (3) the risk of developing MetS in
children born to pregnancies complicated by GDM.

Methods

The review protocol is registered in PROSPERO
(CRD42020173319). The review was undertaken with
reference to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guideline [22].

Search strategy

All studies describing the association between GDM and
MetS were identified by searching the following electronic
databases: PubMed, CINAHL, SCOPUS, and EMBASE
with an end search date of February 18, 2020. The search
was conducted by Z.S.L. The search strategy included the
terms (“gestational diabetes*” OR “pregnancy induced
diabetes”) AND (“metabolic syndrome” OR “insulin resis-
tance syndrome” OR “syndrome X) and is detailed in
Appendix S1. We included observational studies (case-
control, cross-sectional, and cohort). Bibliographies of
previously conducted systematic reviews and meta-analyses
on closely related topics, and eligible studies were checked
for additional studies. All identified studies were indepen-
dently assessed for relevance by two authors (M.M.P. and
A.A)). Two authors (M.M.P. and A.A.) independently
extracted data, and discrepancies were resolved by discus-
sion with Z.S.L. and P.H.A.

Studies were eligible for inclusion if they reported the
number of cases of MetS in (1) pregnant women diagnosed
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Fig. 1 Flow chart showing selection of eligable studies

with GDM, (2) women with a history of GDM, compared to
women who did not experience/have a history of GDM, and
(3) those exposed to GDM in utero compared to those not
exposed to GDM in utero. We included studies that defined
GDM based on the IADPSG guidelines [23]. However,
since the diagnostic criteria have been revised recently, we
included studies that used prior recommended diagnostic
criteria of GDM including the 1999 World Health Organi-
zation (WHO) definition [5], and other regional and study-
specific definitions as detailed in Table S1 [5, 24-31]. MetS
was defined based on the definitions of the National Cho-
lesterol Education Program-Adult Treatment Panel III
(NCEP-ATP-III) [6], International Diabetes Federation
(IDF) [32], the WHO [5], or the American Heart Associa-
tion [33]. Because there is no validated definition of MetS
in children and pregnant women, we accepted variations of
current guidelines and study-specific definitions. The defi-
nitions of GDM and MetS of included studies are detailed in
Table S1. Studies that did not include a definition of GDM
or MetS, those that did not define the case and control
groups, and those that compared women with GDM in
pregnancy/postpartum, and those exposed to GDM in utero
to another risk group were excluded.

Statistical analysis

Data were extracted independently and in duplicate for the
number of MetS cases. We analyzed all studies collectively
as an overall analysis, and subsequently stratified into
subgroups based on the time of follow up postpartum as: <1
year, 1-5 years, 5-10 years, and 10+ years from the index
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pregnancy. Some studies analyzed the rate of MetS based
on the multiple definitions. Therefore, when assessing data
from those studies, the NCEP-ATP-III definition was used
in the overall analysis as the majority of studies used this
definition. However, we conducted subgroup analyses
based on the rate of MetS defined according to the NCEP-
ATP-III, IDF, and WHO guidelines. We performed an ad
hoc analysis based on ethnicity, but only for Asian and
Caucasian ethnicities, as these were the most commonly
reported ethnicities. When the same cohort was assessed
multiple times during the postpartum period, the study with
the largest sample size was used in the overall analysis. For
the analysis on offspring exposed to GDM in utero, the
oldest cohort was used in the meta-analysis. We considered
studies published in English. We did not need to contact any
authors for additional information, as only one dichotomous
outcome was evaluated, and only studies reporting on the
outcome were eligible.

The following data were collected from each included
study: definition of GDM, definition of MetS, time of
postpartum follow up (number of years since index preg-
nancy for both women and children), or gestational age
(week) at which MetS and GDM were diagnosed during
pregnancy, number of cases (those who experienced GDM)
and controls (those who did not experience GDM), birth-
weight of offspring and gestational age at delivery for both
cases and controls.

The meta-analysis was performed using RevMan soft-
ware (Review Manager Version 5.3) based on an inverse
variance method. As per protocol, the random effects
model was selected to account for the differences in diag-
nostic criteria of GDM. For each outcome measure, the
number of events and the total number of participants were
used in the meta-analysis to analyze the risk difference. If
the number was only reported as a percentage, then the
number of participants/events was calculated based on the
total sample size for each group. The analysis was cross-
checked and discrepancies were resolved by discussion
(P.H.A. and M.M.P.).

Substantial heterogeneity was considered when I* sta-
tistic exceeded 50%, and the Chi? p value was <0.1. Data
from eligible studies that could not be included in the meta-
analysis are included in Table S2. To assess publication
bias, funnel plots were used for the primary outcome. The
methodological quality was assessed using the National
Heart, Lung and Blood Institute (NHLBI) Quality Assess-
ment Tool for Observational Cohort and Cross-Sectional
Studies and are presented in the Supplementary data (Table
S3) [34]. Sensitivity analysis was performed to evaluate
heterogeneity for outcomes after excluding low-moderate
quality studies (i.e., studies that were considered of low-
moderate quality in the NHLBI Quality assessment tool
after discussion with authors).
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Results

The literature search identified 588 articles. One hundred
and ninety articles were eligible for full text review. Of
these, 51 were included in the review and 35 were
included in the meta-analyses (Table S1). The reasons for
excluding 139 studies are detailed in Fig. 1. The quality
assessment showed that all studies were of moderate to
high quality (Table S3).

Risk of MetS in pregnancy among women
diagnosed with GDM

Eight studies were included in the assessment of this outcome
[13, 35-41], of which three studies were included in the meta-
analysis [35-37]. All three studies assessed GDM and MetS
at the same time (i.e., ~24-32 weeks gestation). Pooled ana-
lysis showed that women diagnosed with GDM had an
increased risk of MetS in pregnancy (RR 20.51, 95% CI
5.04-83.55; three studies, 406 participants; heterogeneity: y*
p =0.96; P = 0%) (Fig. 2a). Five studies were not included in
the meta-analysis [13, 38—41], with four showing an increased
risk of developing GDM in women who are diagnosed with
MetS during pregnancy [39, 40, 42, 43] (Table S2).

Risk of MetS in women with a history of GDM

Thirty-five studies were included in the assessment of this
outcome [42, 44-78], of which 29 studies were included in
the meta-analysis [30, 42, 44—71]. Pooled analysis showed
that women with a history of GDM had a significantly
increased risk of developing MetS (RR 2.36, 95% CI
1.77-3.14; 29 studies, 13,390 participants; heterogeneity: ;(2
p <0.00001; P =93%) (Fig. 2b). Of the six studies that
were not included in the meta-analysis [72-78], one showed
an increase in prevalence of MetS among women with a
history of GDM compared to controls [51] (Table S2).
Sensitivity analysis after excluding the studies of moderate
quality resulted in a slight reduction in heterogeneity (4 p <
0.00001; > = 78%) (Fig. S1). Assessment of the funnel plot
of the meta-analysis revealed moderate publication bias
(Fig. S2).

Risk of MetS in offspring exposed to GDM in utero

Four studies were included in the assessment of this out-
come [79-82], of which three studies were included in the
meta-analysis [79-81]. Pooled analysis showed that off-
spring exposed to GDM in utero had a significantly
increased risk of developing MetS (RR 2.07, 95% CI
1.26-3.42; three studies, 4421 participants; heterogeneity:
7 p 033; P=12%) (Fig. 2c). The study that was not
included in the meta-analysis showed an increased MetS

severity Z-score in those exposed to GDM in utero com-
pared to controls [82] (Table S2).

Subgroup analyses

We conducted subgroup analyses based on the time of
postpartum follow up among women with a history
of GDM. The results are shown in Table S4. The risk of
developing MetS was significantly increased in women with
a history of GDM at <1 year postpartum (RR 1.95, 95% CI
1.15-3.28, three studies, 850 participants; heterogeneity
7 p=0.09; P=59%), 1-5 years postpartum (RR 2.99,
95% CI 2.14-4.18, 18 studies, 7.328 participants; hetero-
geneity > p <0.00001; 2 =70%), 5-10 years postpartum
(RR 2.29, 95% CI 1.62-3.25, nine studies, 4518 partici-
pants; heterogeneity > p<0.0001; I*=79%), and >10
years postpartum (RR 2.07 95% CI 1.22-3.50, six studies,
3037 participants; heterogeneity y* p <0.00001; F* = 94%).

We conducted a subgroup analysis to evaluate the risk of
developing MetS in women with a history of GDM based
on the three most common definitions of MetS (i.e., NCEP-
ATP-III, IDF, and WHO). A significantly increased risk of
MetS was demonstrated for women with a history of GDM
compared to women without a history of GDM, irrespective
of the definition used to diagnose MetS (NCEP-ATP-III:
RR 2.58 95% CI 1.72-3.87, 20 studies, 8768 participants;
heterogeneity »* p <0.00001; I* = 94%; IDF: RR 2.15 95%
CI 1.60-2.90, 11 studies, 5615 participants; heterogeneity
7 p<0.00001; P=79%; WHO: RR 299 95% CI
2.51-3.57, five studies, 3433 participants; heterogeneity y>
p=0.69; 12:0%) (Table S5). We performed an ad hoc
analysis based on ethnicity (Asian and Caucasian) and
found that there was a similar increased risk of MetS for
women with a history of GDM for both ethnicities (Table
S6).

Discussion
Main findings

Our meta-analysis revealed that women with a history of
GDM are at a significantly increased risk of developing MetS
later in life, and that this risk is seen as early as <1 year
postpartum. Our results also demonstrate that the risk for
MetS in pregnancy is higher among women diagnosed with
GDM and that children born to women who experience GDM
have an increased risk of developing MetS in later life.

Strengths and limitations

This systematic review and meta-analysis was a compre-
hensive review of the literature on the association between
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Fig. 2 a Meta-analysis showing the risk of developing MetS during
pregnancy in women with GDM. b Meta-analysis showing the risk of
developing metabolic syndrome in women with previous GDM.

GDM and MetS, among women and their offspring. There
has not been a systematic review and meta-analysis that
investigated the association between GDM and MetS in
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pregnant women and offspring, and no review has evaluated
the association between GDM and MetS in women with a
history of GDM after the change of guidelines in 2013 [15].



Endocrine (2021) 71:310-320

315

Many environmental and genetic factors contribute to the
risk for GDM. There are certain candidate genes that are
associated with T2DM and GDM that mainly influence
insulin secretion [83]. Obesity and GDM share the same
causal pathway, through elevation of free fatty acids and
dysregulation of cytokines to promote insulin resistance
[84, 85]. Common risk factors such as advanced maternal
age, familial history of T2DM or GDM in a first-degree
relative (either mother or sister) also contribute to a higher
risk for GDM [86]. Therefore, it is unclear whether MetS in
overweight/obese women with a history of GDM is due to
the disease phenotype, or due to a preexisting predisposi-
tion. Asian ethnicity is a significant risk factor for GDM
[86] and diagnosis of MetS can also vary based on ethnicity.
Therefore, we assessed the influence of ethnicity through an
ad hoc analysis and found that both Caucasian and Asian
ethnicities conferred similar increased risks for MetS in
women with a history of GDM (Table S6). Women and men
have different CVD risks, particularly with regard to obe-
sity, as men generally have greater muscle mass and women
have higher fat mass. Research into a modified female
definition of MetS may be important, considering the dif-
ferences in body composition and conventional risk factors
between males and females and the higher risk of CVD
among women who experience major pregnancy compli-
cations [87].

Our results on the risk for MetS among women with a
history of GDM showed substantial heterogeneity. How-
ever, when we performed subgroup analyses based on the
time of diagnosis of MetS, definition of MetS and ethnicity,
heterogeneity was substantially reduced (Tables S4 and S5).
Sensitivity analysis also showed a reduction in hetero-
geneity after removing studies of moderate quality. Funnel
plot assessment revealed a moderate degree of publication
bias (Fig. S2). It is difficult to elucidate the reason for
heterogeneity in aggregate data, but it is typically due to
differences in study design, differences in definitions (i.e.,
MetS and GDM definitions), years of postpartum follow-up,
and study populations. The heterogeneity that was observed
in our analysis could also be attributed to genetic and
environmental factors. Large, well-characterized long-
itudinal cohort studies will contribute to further evidence
and help reduce overall heterogeneity.

Interpretation in light of other evidence

Our meta-analysis revealed that women with a history of
GDM are at significantly increased risk for developing
MetS later in life (RR 2.48). Women who experience GDM
have a reduction in insulin sensitivity in the third trimester,
to support an increase in glucose transfer to the fetus. This is
promoted by an increase in fetal and placental factors
[84, 88]. However, if women are insulin resistant prior to

pregnancy and fail to increase p-cell capacity during preg-
nancy, maternal glucose levels are unlikely to return to
normal after pregnancy [89]. Considering the increased risk
for cardiovascular risk factors and T2DM in women with a
history of GDM [3, 11], it is not surprising that these
women are at a higher risk for developing MetS later in life.
Intervention trials to reduce the development of T2DM are
known to be successful during the early period after preg-
nancy, but compliance in exercise and weight loss are
shown to decrease over time [90-92]. This is likely due to
the difficulty in changing behavioral patterns and individual
circumstances. It may be more beneficial to intervene before
a diagnosis of GDM, as both diet and physical activity
changes have been shown to result in an 18% reduction in
the risk for GDM among women with a prepregnancy BMI
<25kgm? as well as >25kgm?; and this intervention was
shown to be most effective before 15 weeks’ gestation [93].
The prevalence of obesity in women of reproductive age is
around 15-18% in Australian women [94]. Therefore, it is
necessary to identify women who are at increased risk of
developing GDM and implement interventions as soon as
practical (either during preconception planning or in early
pregnancy) with the aim of reducing the risk of develop-
ment of GDM. This is especially important, as our results
showed that women who experience GDM are at increased
risk of being diagnosed with MetS, as early as <1 year
postpartum.

Our study also demonstrated that offspring exposed to
GDM in utero have a twofold increased risk of developing
MetS. GDM promotes a hyperinsulinemic environment to
allow increased nutrient delivery to the fetus, thereby
increasing fetal growth and body mass resulting in macro-
somia which may persist as obesity throughout childhood
and adolescence [88]. This idea pertains to “The Barker
Hypothesis” which states that adverse nutrition in early life
increases the likelihood of developing metabolic risk factors
[95]. We have recently shown in a meta-analysis that those
exposed to GDM in utero have higher SBP, BMI z-score,
and blood glucose compared to those not exposed to GDM
in utero [17]. Previous studies have also shown that juvenile
T2DM is significantly associated with exposure to GDM in
utero [96, 97], therefore highlighting the need for weight
management and lifestyle guidance throughout childhood
and adolescence for this group. It is important to note that
there were only four eligible studies for the meta-analysis
on offspring of pregnancies complicated by GDM. We
believe this is influenced by the lack of consensus on a
definition of MetS in childhood. An IDF recommended
definition for the diagnosis of MetS in children older than 6
years of age does exist, but this definition is not universally
used [98]. Furthermore, obesity as measured by BMI is
not an accurate measure, as BMI varies greatly based
on the muscle mass and fat mass, hence it is accurate
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for fatter children but not for those who are lean. BMI z-
score is a more appropriate measure as it adjusts for age and
gender [99]. Only one study assessed the MetS z-score,
which adjusts for age and gender [82]. Considering the
increasing rate of childhood obesity, a clear definition of
MetS is required that can accurately account for childhood
adiposity and adjust for important factors such as age,
gender, weight distribution, and puberty.

We also observed that the risk for MetS in pregnancy was
increased among women who were diagnosed with GDM
compared to normoglycaemic women (RR 20.51). There are
studies that have investigated the association between indi-
vidual components of MetS including dyslipidaemia and
obesity and the risk of developing GDM [100-102]. Gun-
derson et al. showed that BMI and waist circumference were
associated with increased risks for GDM after adjusting for
lipids, fasting glucose, and insulin [102]. Studies by Grieger
and Chatzi showed a threefold increased risk of GDM for
women diagnosed with MetS in early pregnancy [13, 39]. It is
difficult to diagnose MetS in pregnancy due to hemodynamic
and inflammatory changes that occur during the first trimester
of pregnancy, as SBP and maternal lipids decrease during this
time [43, 103]. Furthermore, placental and maternal hormones
during pregnancy promote weight gain and also result in
altered fat distribution in both healthy pregnancies and those
complicated by GDM [104]. Therefore, these results signify a
need for further research in large pregnancy cohorts.

Conclusion

Pregnant women with GDM are at a higher risk of developing
MetS during pregnancy. Furthermore, women who experi-
ence GDM have an increased risk of developing MetS later in
life. They may develop MetS as early as <1 year postpartum.
Children born to pregnancies complicated by GDM are also at
increased risk of developing MetS in later life. This review
signifies the importance of considering GDM in CVD risk
stratification, thus allowing an opportunity for primordial
prevention. Based on our findings, pre-conceptional man-
agement of cardiometabolic risk factors may be useful to
reduce the risk of both GDM and MetS. Furthermore, it will
be beneficial to screen women who experience GDM and
children born to pregnancies complicated by GDM to detect
modifiable CVD risk factors.
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