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Abstract
Aims/hypothesis Excessive gestational weight gain (GWG)
may be a risk factor for gestational diabetes mellitus (GDM).
We aimed to study the association between excessive GWG
(defined according to Institute of Medicine recommendations)
prior to GDM screening, and GDM.
Methods We systematically searched four electronic databases from 1990 until September 2014 for observational studies published in English or German that reported an association between excessive GWG and GDM as the outcome.
Random effects meta-analyses were performed to provide a
pooled estimate of the OR comparing the risk of GDM in
women with and without excessive GWG.
Results A total of eight studies involving 13,748 participants
were included. The pooled analysis of unadjusted OR yielded
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a summary OR of 1.40 (95% CI 1.21, 1.61; p<0.001) with
low between-study heterogeneity (I2 =16.7%). A sensitivity
analysis based on four studies reporting adjusted effect estimates revealed similar results (OR 1.42; 95% CI 1.20, 1.68;
p<0.001; I2 =0%). No evidence was found that the effect of
GWG on GDM differs depending on maternal pre-pregnancy
BMI category. A funnel plot did not indicate substantial publication bias.
Conclusions/interpretation Avoiding excessive weight gain
in pregnancy prior to the GDM screening test may be a potential strategy to reduce GDM risk.
Meta-analysis registration www.crd.york.ac.uk/PROSPERO
CRD42014008802
Keywords GDM . Gestational diabetes . Gestational weight
gain . IOM recommendations . Meta-analysis . Pregnancy .
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GCT Glucose challenge test
GDM Gestational diabetes mellitus
GWG Gestational weight gain
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Institute of Medicine
LMP Last menstrual period

Introduction
Gestational diabetes mellitus (GDM), defined as glucose intolerance with onset or first recognition during pregnancy, is a
serious public health problem [1]. GDM is associated with
short- and long-term complications for both the mother and
the offspring, including newborn macrosomia, obesity in the
offspring and an elevated risk to the mother of developing
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manifest type 2 diabetes [2–4]. Preventing GDM could thus
be an important strategy to interrupt the transgenerational vicious cycle of obesity and diabetes [5].
A large body of evidence suggests that excessive gestational weight gain (GWG) is associated with adverse pregnancy
outcomes [6, 7] and increases the risk of both offspring obesity [8] and maternal postpartum weight retention [9].
However, the role of GWG in the development of GDM is
currently unclear. A positive association between GWG and
GDM is biologically plausible because higher GWG may lead
to greater maternal fat deposition, which may impair insulin
sensitivity [10]. Thus, GWG might represent a modifiable risk
factor for GDM.
When re-examining the guidelines for GWG in 2009, the
Institute of Medicine (IOM) found insufficient evidence that
GWG affects the risk of GDM [10]. However, most of the
reviewed studies focused on total weight gain over the entire
pregnancy, thus also including weight gained after the diagnosis of GDM. Total GWG in mothers with GDM may, however, be influenced by therapeutic intervention in GDM, accounting for reverse causation if GWG is considered a potential cause of GDM [10–13]. Some recent studies have suggested a potentially causal relationship between the extent of
GWG in pregnancy prior to GDM screening and the risk of
GDM [13–17]. However, the reported data are inconsistent.
This may reflect both heterogeneous exposures and outcome
measures. In particular, the use of GWG as a continuous variable may yield misleading results because some weight gain
is undoubtedly needed in pregnancy. The use of study-specific
percentiles for GWG limits between-study comparisons.
Additionally, neither GWG as a continuous variable nor
GWG ranges based on individual studies can be translated
into practical recommendations. The use of gestational week
specific GWG cut-off values based on the IOM recommendations has the major advantage of taking physiological weight
gain into account, thus providing a uniform scale which can
easily be implemented in practice.
We therefore performed a systematic review of the literature and a meta-analysis to evaluate the relationship between
excessive GWG prior to a GDM screening test (according to
IOM criteria) and the risk of GDM.

Methods
Data sources and searches This report conforms to the Metaanalysis Of Observational Studies in Epidemiology
(‘MOOSE’) guidelines for reporting a meta-analysis of observational studies [18]. We searched the MEDLINE (www.ncbi.
nlm.nih.gov/pubmed/), EMBASE (http://ovidsp.tx.ovid.
com/), Web of Science (www.isiknowledge.com) and
Cochrane Library (http://onlinelibrary.wiley.com/
Cochranelibrary) databases to identify relevant articles. The
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search was restricted to articles published from 1990 because
IOM recommendations were first published in this year and
last updated in September 2014. The following search terms
were used: (‘pregnancy’ OR ‘gestation’ OR ‘gravidity’ OR
‘maternal’) AND (‘weight gain’ OR ‘weight change’ OR
‘weight increase’) AND (‘gestational diabetes’ OR ‘GDM’
OR ‘diabetes’). An additional hand search of reference lists
of relevant articles was carried out to ensure a complete
collection.
Study selection We included observational studies meeting
the following inclusion criteria (defined a priori): (1) published in English or German; (2) reporting an association between GWG and the outcome GDM; (3) singleton pregnancies; (4) GWG measured up to the time of GDM screening or
an earlier period; and (5) GWG classified according to IOM
recommendations as excessive or non-excessive. Only full
papers were included in this review. Data published in conference abstracts only were excluded. A protocol for this review
is registered at the PROSPERO international prospective register of systematic reviews (www.crd.york.ac.uk/
PROSPERO) as CRD42014008802.
All search hits were exported to EndNoteX5 (Thomson
Reuters, Toronto, ON, Canada) for organising the references
and removing duplicates. Two researchers (SB and SZ) independently assessed the identified titles, abstracts and, when
necessary, full text articles for eligibility according to the inclusion criteria. Discrepancies between reviewers were resolved through discussion.
Data extraction and quality assessment Data were abstracted into tables, including information about the study setting,
population, participant characteristics, exposure and outcome
assessment, and study results. If the study did not report ORs
or if the OR could not be calculated from the presented tables
[19–21] or if inconsistent data were reported in the results
section and tables [15], then the authors were contacted by
e-mail and requested to provide the missing information.
The requested information was provided by Gibson et al
[19] and Hedderson et al [15]. Unfortunately, two authors
could not provide the requested information, so these studies
could not be included in the meta-analysis [20, 21]. If papers
reported associations between GWG and GDM but did not
use IOM criteria for GWG, then the authors were contacted
and asked to rerun their analysis [16, 17, 22–31]. Additional
analyses were provided by two authors [17, 22].
For quality assessment, we used the Graphic Appraisal
Tool for Epidemiological studies (‘GATE’), a quality appraisal checklist for quantitative studies reporting correlations and
associations, provided by the National Institute for Health and
Clinical Excellence (UK) [32]. The checklist of 15 questions
relates to the external validity of the selected studies, the reliability of the outcome measures and adjustment for
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confounding factors. According to the tool design, the internal
and external validity of the studies were rated separately as
high, medium or low quality depending on adherence to the
criteria. Two authors independently assessed the study quality
(SB and IN).
Data synthesis and analysis A random effects metaanalysis model was fitted to study-level data to provide
a pooled estimate of the OR for comparing the odds of
GDM between women with and without excessive
GWG prior to the GDM screening test. An OR of >1
indicates that excessive GWG is associated with greater
occurrence of GDM. Between-study heterogeneity was
assessed using the I2 statistic.
If data on GWG were reported separately for each trimester, then second trimester data were used. Since not all studies
provided adjusted ORs, or adjusted ORs could not be generated for the excessive vs non-excessive GWG comparison, we
pooled unadjusted effect estimates from all studies in the main
analysis. A sensitivity analysis based on studies providing
adjusted ORs was performed. A further sensitivity analysis
restricted to studies reporting the OR as a comparison between
excessive GWG and recommended GWG (excluding inadequate GWG) was performed.
Several studies provided data for the association between
excessive GWG and GDM in subgroups according to the prepregnancy maternal BMI category. For these studies, the interaction between pre-pregnancy BMI and GWG was estimated using logistic regression. Potential publication bias was
assessed in a funnel plot. All analyses were performed using
the metafor package in R (version 3.0.2; www.r-project.org).

Results
Selection of studies The search yielded 2,976 results excluding duplicates, of which 2,896 citations were excluded after
screening the title and abstract (Fig. 1). The full texts of the
remaining 80 articles were assessed for eligibility. Eight additional articles were identified from the reference lists of the
reviewed articles. Two articles were excluded because they
were not published in English or German, seven were review
articles, 13 did not report GDM or other related outcome, and
18 did not investigate the relationship between GWG and
GDM. A further 29 articles were excluded because they only
reported the total weight gain over the entire pregnancy or
weight gain in late pregnancy. Eleven reports were excluded
because they did not classify weight gain according to IOM
criteria or did not evaluate an association between excessive
GWG and GDM, and could not provide additional data. Eight
studies met our criteria and were included in the analysis [13,
15, 17, 19, 22, 33–35].
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Description of the included studies The characteristics of the
included studies are summarised in Table 1. The eight studies
included a total of 13,748 participants. Four studies were carried out in the USA [15, 19, 22, 34], one in Canada [13], one
in Norway [17], one in Turkey [33] and one in South Korea
[35].
Five studies comprised multiethnic populations [15, 17, 19,
22, 34], one study was performed in an Asian population [35]
and in two studies the ethnic composition was not explicitly
stated [13, 33].
The main inclusion criterion was women with a singleton
pregnancy with no previous diagnosis of diabetes. One study
provided data for both first and second trimester weight gain
[33]. One study evaluated weight gain for each trimester, but
classified only first trimester weight gain according to IOM
recommendations [13]. Another study investigated early
weight gain up to 15–18 weeks of gestation [34]. The remaining studies contributed data on GWG up to or around the time
of the GDM screening test, which was mostly performed between 24 and 28 weeks of gestation [15, 17, 19, 22, 35].
All except one study used self-reported pre-pregnancy
weight available for all or, in the study of Hedderson et al, at
least 85% of the women [15]. In the other study, the measured
weight at the point closest to the woman’s last menstrual period (LMP), but no more than 12 months before the LMP, was
used to estimate pre-pregnancy weight [15]. In all studies,
measured or recorded weights during pregnancy were used
to calculate the GWG. In the study by Baci et al, the definition
of GWG was not explicitly described and was not provided by
the authors upon request [33].
The approach and criteria used for GDM diagnosis varied
across the studies. Six studies used a two-step approach including a 50 g non-fasting screening glucose challenge test
followed by a 3 h/100 g or 2 h/75 g diagnostic OGTT if the test
result was abnormal [13, 15, 19, 22, 33, 35]; one study used a
universal 2 h/75 g OGTT [17]. Four studies based the GDM
diagnosis on Carpenter & Coustan criteria [19, 22, 33, 35],
one on International Association of Diabetes and Pregnancy
Study Group criteria [17], one on National Diabetes Data
Group 1998 criteria [15] and one on Canadian Diabetes
Association criteria [13]. In one study, the method for diagnosing GDM was not available, and was not provided after
contacting the authors [34].
Study quality Three studies were rated as having good internal and external validity [15, 17, 22]. The remaining studies
were of medium internal validity and of medium or low external validity (Table 2). The internal validity was graded as
‘medium’ for the majority of studies for a variety of reasons.
Some of the studies did not adequately consider confounding
factors in their analysis [13, 19, 33]. One of these was a
matched case–control study that was not primarily designed
to explore the association between GWG and GDM, but rather
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Fig. 1 Flow chart describing the
process of study selection

Search hits
N=4,842
n=1,866 duplicates deleted
N=2,976 titles and
abstracts screened
n=2,896 excluded

N=80 full texts assessed
for eligibility
n=8 articles added
after evaluation of
reference lists

•
•
•
•
•
•

n=80 excluded
Other language (n=2)
Review articles (n=7)
GDM not an outcome (n=13)
No relationship between GWG
and GDM reported (n=18)
Total GWG or late pregnancy
GWG (n=29)
GWG not according to IOM
definition or no association
with excessive GWG (n=11)

N=8 articles included in
the analysis

to compare weight gain between the GDM cases and controls
[19]. Another study provided adjusted analyses comparing the
association of excessive GWG with normal GWG, but not
with GWG within or below IOM guidelines [35]. One study
did not describe how the diagnosis of GDM was established
[34]. The study by Park et al was imprecise with respect to the
application of the IOM cut-off values because uniform cut-off
values for the 24–28 week time period were used instead of
the recommended weekly cut-off values [35]. The external
validity was graded as ‘low’ for two studies: Carreno et al only
included nulliparous low-risk women [34] and Gibson et al
included ~80% overweight and obese women [19].
Association between GWG and risk of GDM The pooled
analysis of unadjusted ORs of the eight studies comprising
data for the outcome GDM and comparing excessive GWG
with non-excessive GWG yielded a summary OR of 1.40
(95% CI 1.21, 1.61; p<0.001). There was low betweenstudy heterogeneity (I2 =16.7%; Fig. 2). Therefore, no subgroup analysis to account for potential heterogeneity was performed. A sensitivity analysis restricted to the four studies
reporting adjusted effect estimates resulted in an OR of 1.42
(95% CI 1.20, 1.68; p<0.001, I2 =0%). The variables considered as confounders included maternal age, ethnicity,
smoking, pre-gravid BMI, BP at the first prenatal visit, parity
and history of GDM [15, 17, 22, 34]. A sensitivity analysis
based on the four studies that reported the OR as a comparison
between excessive and recommended GWG resulted in a

smaller effect size, which was not statistically significant
(OR 1.18; 95% CI 0.89,1.55; p=0.253; I2 =44.5%; Fig. 3)
[17, 19, 22, 35]. Another sensitivity analysis excluding the
study with an unclear diagnosis of GDM [34] yielded an OR
of 1.34 (95% CI 1.15, 1.57; p<0.001; I2 =10.9%). No sensitivity analysis was performed by internal validity because all
studies were at least of medium quality.
A stratified analysis was performed to assess potential effect modification of the association between excessive GWG
and GDM due to different maternal pre-pregnancy BMI categories. Four studies reported subgroup analysis by the different maternal pre-pregnancy BMI categories [17, 22, 33, 34].
Overall, no evidence was found for a difference in the effect of
excessive GWG on the risk of GDM between normal weight
and overweight/obese women (electronic supplementary material [ESM] Table 1). The funnel plot did not indicate substantial publication bias (ESM Fig. 1).

Discussion
This meta-analysis demonstrates that excessive GWG occurring before GDM testing increases the risk of GDM by a factor
of 1.4. A similar association was found when the analysis was
restricted to studies which adjusted for confounders. The association was of similar strength in normal and overweight/
obese women.

Study design, data
collection period,
sample size
Participants
(inclusion/exclusion
criteria; mean age
and pre-pregnancy BMI)

Descriptions of included studies

Baci et al,
Turkey [33]

Prospective cohort study;
recruitment, June–
December 2009; N=614

Included, age 18–45 y, in
1st trimester of pregnancy;
excluded, multiple pregnancies,
special diet, diabetes before
pregnancy; mean age,
26.5±4.1 y; mean pre-pregnancy
BMI, 22.7±3.3 kg/m2
Carreno et al,
Secondary analysis of an RCT Nulliparous low-risk women; included,
singleton pregnancy, gestational
USA [34]
conducted in 16 clinical
age <16 wks, no previous
centres between 2003
pregnancy >19 wks, available
and 2008; N=7,985
data on height, pre-pregnancy
weight, weight at 15–18 wks
and ≤2 wks prior to delivery;
excluded, delivery prior to
20 wks, death prior to
delivery, abortion, infant
major congenital malformation,
diabetes before pregnancy,
elevated BP, proteinuria,
antihypertensive medication,
vitamin C >150 mg, vitamin E
>75 IU, use of antiplatelet drugs
or NSAIDs, uterine bleeding/
malformation, serious medical
conditions, fetal anomaly, IVF,
drug/alcohol abuse; mean age,
~23.6 y; mean pre-pregnancy
BMI, NR
Excluded (GDM), fetal congenital
Gibson et al,
Case–control study; GDM
anomalies, multiple gestation,
USA [19]
patients (cases) identified
pre-existing diabetes; excluded
2006–2009; controls
(controls), pre-existing diabetes,
2000–2007; GDM,
multiple gestation, no 1 h GCT,
n=163; controls, n=489;
missing data on height and
total, N=652
weight (pre-gravid and at
22–24 wks); 1 case matched
to 3 controls by pre-pregnancy
BMI, age, race and parity; mean
age, ~28.8 y; mean pre-pregnancy
BMI, ~31.7 kg/m2
Included, singleton live birth, no diabetes
Hedderson et al, Case–control study; cases
before pregnancy, no previous
USA [15]
(GDM) and controls
GDM, screening for GDM between
identified between
24 and 28 wks; excluded,
January 1996 and June
missing data on height and
1998; GDM, n=341;
weight (pre-gravid and within
controls, n=793; total
4 wks of GCT); mean age and
N=1,134
pre-pregnancy BMI, NR

Reference,
country

Table 1
Results,
OR (95% CI)a

Calculated from numbers
reported in table (for
outcome GDM): 1st
trimester GWG, 2.81
(0.60, 13.26); 2nd
trimester GWG, 2.46
(0.73, 8.25)
Unadjusted, 1.62 (1.26,
2.08); adjusted,
1.4 (1.1, 1.9)

Calculated from numbers
provided by the authors:
1.83 (1.28, 2.61)

Unadjusted, 1.21 (0.92, 1.60);
adjusted, 1.53 (1.09, 2.15)

Definition of
outcome GDM

50 g/1 h GCT (cut-off ≥7.8 mmol/l)
at 24–28 wks, followed by 100 g/3 h
OGTT; GDM diagnosis based on
Carpenter & Coustan criteria (in
mmol/l): fasting, ≥5.3; 1 h, ≥10;
2 h, ≥8.6; 3 h, ≥7.8 (≥2 values)
GDM definition not reported

GDM diagnosis based on 1 h/50 g GCT
>11.1 mmol/l or 3 h/100 g OGTT
according to Carpenter & Coustan criteria
(1982) (in mmol/l): fasting, ≥5.3; 1 h, ≥10;
2 h, ≥8.6; 3 h, ≥7.8 (≥2 values). Normal
glucose tolerance defined as 50 g GCT of
<7.5 mmol/l at 26–28 wks

1 h/50 g GCT (cut-off ≥7.8 mmol/l) at
24–28 wks followed by 3 h/100 g
OGTT; GDM diagnosis based on
National Diabetes Data Group
Criteria (1998). Cut-offs (in mmol/l):
fasting, ≥5.8; 1 h, ≥10.6; 2 h, ≥9.2;
3 h, ≥8 (≥2 values)

Definition of
GWG/GWG
categorised by
‘Weight gain for each
trimester was
evaluated’/IOM 2009

Measured weight at
15–18 wks minus
self-reported pre-pregnancy
weight/IOM 2009

Measured weight at 24–28
wks minus self-reported
pre-pregnancy
weight/IOM 2009

Weight measured at or
before the GDM
screening test minus
pre-pregnancy weight
(self-reported or measured
weight <12 months
before LMP)/IOM 2009

Age, race/ethnicity,
pre-gravid BMI, BP
at first prenatal visit, parity

–

Maternal age, race, smoking,
treatment group
(vitamins vs placebo)

–

Adjusted for
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Prospective pre-birth cohort;
recruitment, 1999–2002;
GDM, n=93; NGT,
n=1,526; total, N=1,619

Case–control study; cases
(GDM) and controls
identified between
January and December
2007; GDM, n=55;
controls, n=239; total,
N=294

Hospital-based prospective
cohort study; deliveries,
between June 2006
and March 2009; N=731

Herring et al,
USA [22]

Morisset et al,
Canada [13]

Park et al,
South
Korea [35]

Weight recorded at GCT minus
self-reported pre-pregnancy
weight; if no measure of
weight was available
at the time of GCT, linear
interpolation between the 2
surrounding weights was
used to estimate the weight
on that day/IOM 2009

Included, singleton live birth, fluency
in English, gestational age <22;
excluded, pre-pregnancy
BMI <18.5 kg/m2, history
of type 1 or type 2 diabetes,
missing information on
pre-pregnancy diabetes status,
BMI or incomplete data on
glucose tolerance testing or
weight gain; for meta-analysis,
participants excluded if GCT not
between 22 and 30 wks of
gestation; mean age, 32.0 y;
mean pre-pregnancy BMI,
24.9 kg/m2
Included, ≥5 body weight values
recorded in pregnancy,
pre-pregnancy BMI available,
last recorded weight obtained ≥37th
wk; excluded, pre-existing
type 1 and type 2 diabetes, twin
pregnancy, GDM treated with oral
agents; mean age, 29.3±4.7 y;
mean pre-pregnancy BMI,
25.5±6.2 kg/m2
Excluded, twin pregnancy, missing
data, medical conditions that
could affect fetal growth,
gestational age not ascertained by
early ultrasonography; mean age,
~33 y; mean pre-pregnancy BMI,
21.4 kg/m2
Included, singleton live birth, <20 wks
pregnant, underwent OGTT in
pregnancy week 28±2; excluded,
women with pre-existing diabetes
or in need of intensive hospital
follow-up during pregnancy,
missing data on weight variables,
women with South or Central
American ethnicity

Results,
OR (95% CI)a
Adjusted for

1 h/50 g GCT followed by 75 g OGTT
if GCT result between 7.8 and
10.2 mmol/l; GDM diagnosis based on
1 h/50 g GCT ≥10.3 mmol/l or 2 h/75 g
OGTT according to Canadian Diabetes
Association. Cut-offs (in mmol/l): fasting,
≥5.3; 1 h, ≥10.6; 2 h, ≥8.9 (≥2 values).
Normal glucose tolerance defined as 50 g
GCT <7.8 mmol/l

–

Ethnic origin, age, parity
Additional analysis provided
by the authors: unadjusted,
1.40 (1.02, 1.92); adjusted,
1.46 (1.05, 2.02)

–

Calculated from data reported
in table, 1.09 (0.48, 2.47)

Calculated from numbers
reported in the text: 1st
trimester GWG,
1.62 (0.89, 2.94)

Additional analysis provided by Age, race/ethnicity,
1 h/50 g GCT (cut-off ≥7.8 mmol/l) at
history of GDM
the authors: unadjusted, 1.14
26–28 wks followed by 3 h/100 g
(0.74, 1.76); adjusted, 1.20
OGTT. GDM diagnosis based on
(0.75, 1.92)
Carpenter & Coustan criteria (in mmol/l):
fasting, ≥5.3; 1 h, ≥10; 2 h, ≥8.6; 3 h,
≥7.8 (≥2 values). Normal glucose
tolerance defined as 50 g GCT <7.8 mmol/l

Definition of
outcome GDM

1 h/50 g GCT (cut-off ≥7.2 mmol/l) at
Measured weight at 24–28 wks
24–28 wks followed by 3 h/100 g
minus self-reported
OGTT; GDM diagnosis based on
pre-pregnancy weight/IOM
Carpenter & Coustan criteria.
2009; excessive weight gain
Cut-offs (in mmol/l): fasting, ≥5.3;
defined as NW + >6.5 kg,
1 h, ≥10; 2 h, ≥8.6; 3 h ≥7.8 (≥2 values)
overweight as NW + >5.2 kg,
obese as NW + >4.7 kg
Universal screening with 2 h/75 g OGTT
Measured weight at 28±2 wks
at 28±2 wks. GDM diagnosis based
minus self-reported
on WHO 2013/modified IADPSG
pre-pregnancy weight/IOM
(in mmol/l): fasting ≥7.2; 2 h, ≥8.5
2009
(≥1 value; 1 h glucose not available)

Weight gain curves including
self-reported pre-pregnancy
weight and all weight values
from medical records were
computed/IOM 2009

Definition of
GWG/GWG
categorised by

Participants
(inclusion/exclusion
criteria; mean age
and pre-pregnancy BMI)

a

Excessive GWG compared with non-excessive GWG

IADPSG, International Association of Diabetes and Pregnancy Study Groups; IVF, in vitro fertilisation; NGT, normal glucose tolerance; NR, not reported; NSAID, nonsteroidal anti-inflammatory drug;
NW, normal weight; RCT, randomised controlled trial; wks, weeks; y, years

Sommer et al,
Population-based prospective
Norway [17]
cohort study; recruitment,
May 2008–May 2010;
N=719

Study design, data
collection period,
sample size

Reference,
country

Table 1 (continued)
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Validity of included studies

Reference

Internal validity

External validity

Gibson et al (2012) [19]

1.65 (1.05, 2.59)

Park et al (2014) [35]

0.85 (0.58, 1.25)

Baci et al [33]

Medium

Medium

Carreno et al [34]

Medium

Low

Gibson et al [19]
Hedderson et al [15]

Medium
Good

Low
Good

Herring et al (2009) [22]

1.06 (0.67, 1.70)

Herring et al [22]
Morisset et al [13]

Good
Medium

Good
Medium

Sommer et al (2014) [17]

1.32 (0.91, 1.90)

Park et al [35]

Medium

Medium

Sommer et al [17]

Good

Good

RE model

1.18 (0.89, 1.55)

To our knowledge this is the first systematic review/metaanalysis to assess the association between excessive GWG
prior to GDM testing and the risk of GDM. A previous
meta-regression analysis on lifestyle interventions to reduce
GWG assessed the association between GWG and the risk of
GDM [36]. However, no significant association was found.
This may reflect the fact that, unlike in our meta-analysis,
GWG was assessed by kilogram increment in GWG and not
by excessive GWG. Since some GWG is physiological, it is
not surprising that no association was observed. However, we
found a clear association between excessive GWG and the
risk of GDM. Our analysis does not provide evidence of effect
modification by maternal BMI category, which has been suggested previously [15, 37]. However, stratified data to assess
this were only reported in four studies [17, 22, 33, 34].
The observed association appears biologically plausible
because higher GWG, especially in early pregnancy, might
reflect a greater accrual of fat mass [38, 39], which may reduce
the capacity to compensate for the physiological increase in
insulin resistance that occurs in pregnancy [10, 15]. This is

Baci et al (2013) [33]

2.46 (0.73, 8.25)

Carreno et al (2012) [34]

1.62 (1.26, 2.08)

Gibson et al (2012) [19]

1.83 (1.28, 2.61)

Hedderson et al (2010) [15]

1.21 (0.92, 1.60)

Herring et al (2009) [22]

1.14 (0.74, 1.76)

Morisset et al (2011) [13]

1.62 (0.89, 2.94)

Park et al (2014) [35]

1.09 (0.78, 1.53)

Sommer et al (2014) [17]

1.40 (1.02, 1.92)

RE model

1.40 (1.21, 1.61)

0.61

1.65

4.48

12.18

OR (natural log scale)

Fig. 2 Forest plot of the random effects (RE) model showing the pooled
estimate of the association between excessive vs non-excessive weight
gain and GDM

0.37

0.61

1.00

1.65

2.72

OR (natural log scale)

Fig. 3 Forest plot of the random effects (RE) model showing the pooled
estimate of the association between excessive vs recommended weight
gain and GDM

further supported by recent findings on the regional distribution of adipose tissue gain in pregnancy: Sommer et al evaluated associations of weight gain, total fat gain and regional fat
gain between 14 and 28 weeks of pregnancy with the development of GDM [17]. Following adjustment for prepregnancy BMI, all indicators of adiposity were significantly
related to the development of GDM, with truncal fat emerging
as the strongest predictor of GDM.
Strengths and limitations The major strength of this metaanalysis is the use of excessive GWG (according to IOM 2009
criteria) as an explanatory variable because this provides for
counselling based on benchmarks which have proven useful
for other beneficial and adverse pregnancy outcomes.
However, there are some limitations. As most studies reported associations of GWG with GDM based on comparisons of excessive vs non-excessive weight gain, we focused
on this comparison in our analysis. Non-excessive weight gain
includes both adequate and inadequate weight gain (i.e. below
IOM recommendations). Thus, the effect estimates might be
overestimated and/or partially caused by a potentially reduced
GDM risk associated with lower than recommended weight
gain. A sensitivity analysis restricted to studies comparing
excessive GWG with GWG in the recommended range, however, showed a slightly attenuated association with overlapping 95% confidence limits. Nevertheless, weight gain below
IOM recommendations cannot be recommended because of
the increased risk of preterm birth and small for gestational
age children [10].
Most of the reviewed studies were only of medium quality
mainly because of their failure to adjust for confounding factors. However, a sensitivity analysis restricted to studies with
adjustment for confounding yielded similar results. The
criteria used for diagnosing GDM varied across the included
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studies, and one study did not specify how the diagnosis was
made [34]. However, when this study was omitted from the
analysis, the results were essentially unchanged. Furthermore,
the use of different benchmarks for GDM in different studies
might account for the between-study heterogeneity. The overall between-study heterogeneity, however, was small (I2 =
16.7%). We are therefore confident that different GDM
criteria do not account for the variability in effect strength.
Since the included studies relied upon self-reported prepregnancy weight, the validity of the GWG assessment might
be limited. However, self-reported pre-gravid weight has been
shown to agree fairly well with measured weights [15, 40, 41].
A possible limitation of this meta-analysis may be that most
authors did not explicitly report how the IOM criteria were
used for classifying excessive GWG. One of the studies used
excessive GWG early in the second trimester instead of late
second trimester GWG to predict GDM [34]. However, as
shown previously, the prediction of total GWG does not improve much between week 12 and 24 [42]. Therefore, it may
be assumed that mothers with excessive GWG early in the
second trimester will also have excessive GWG late in the
second trimester. Therefore, effects of early and late second
trimester excessive GWG on the risk of GDM are likely to be
similar.
Another potential limitation is the limited external
validity of some of the included studies due to the
choice of a specific subpopulation, such as nulliparous
low-risk women [34] or mainly overweight/obese women [19]. However, five studies were performed on the
general population.
Since our analysis was based on observational studies, residual confounding cannot be excluded. Hence, it could be
that excessive weight gain is not a genuine risk factor for
GDM, but that the observed association is instead confounded
by another factor representing a common cause for both high
GWG and GDM.
Conclusion and practical implications These data suggest
that avoiding excessive GWG might reduce the risk of GDM.
Although the estimated effect of excessive GWG on the odds
of GDM occurrence is relatively small, the relevance of this
finding may be considerable. Since excessive GWG is common, particularly in overweight and obese women (at least
60%) who have the highest risk of GDM, the population attributable risk for excessive GWG in this subpopulation is
around 20%. Interventions that reduce excessive GWG by
50% would thus reduce the risk for GDM by 10%. As shown
by recent meta-analyses, dietary and lifestyle interventions
during pregnancy are effective in reducing GWG [43–45],
with a trend towards a reduced risk of GDM [44, 46].
Unfortunately, these studies did not explicitly address the
avoidance of excessive GWG prior to GDM screening. Such
studies are urgently needed.

Diabetologia (2015) 58:2229–2237
Acknowledgements We thank K. Gibson, Department of Obstetrics
and Gynecology, MetroHealth Medical Center, Cleveland, OH, USA,
and M. Hedderson, Division of Research, Kaiser Permanente Medical
Group, Oakland, CA, USA, for providing the requested information.
Funding This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.
Duality of interest The authors declare that there is no duality of interest associated with this manuscript.
Contribution statement HH conceived the research question; RvK
finalised the research question and study design; SB and SZ performed
the literature review and study selection; SB and IN performed the quality
assessment of the studies; LS performed the statistical analysis; SLR-S
performed the statistical analysis of Project Viva (USA) cohort data and
critically revised the manuscript; CS performed the statistical analysis of
STORK Groruddalen study (Norway) cohort data; RvK interpreted the
data; SB drafted the manuscript; LS and HH contributed to the initial and
final drafts of the manuscript; CS, IN and SZ critically revised the manuscript; SB and RvK prepared the final draft of the manuscript. All authors read and approved the final version of the manuscript. SB is the
guarantor of this work.

References
1.

2.
3.

4.

5.

6.

7.

8.

9.

10.

11.

Ferrara A (2007) Increasing prevalence of gestational diabetes
mellitus: a public health perspective. Diabetes Care 30(Suppl 2):
S141–S146
Jovanovic L, Pettitt DJ (2001) Gestational diabetes mellitus. JAMA
286:2516–2518
Nehring I, Chmitorz A, Reulen H, von Kries R, Ensenauer R (2013)
Gestational diabetes predicts the risk of childhood overweight and
abdominal circumference independent of maternal obesity. Diabet Med
30:1449–1456
Kim C, Newton KM, Knopp RH (2002) Gestational diabetes and
the incidence of type 2 diabetes: a systematic review. Diabetes Care
25:1862–1868
Dabelea D, Crume T (2011) Maternal environment and the
transgenerational cycle of obesity and diabetes. Diabetes
60:1849–1855
Siega-Riz AM, Viswanathan M, Moos MK et al (2009) A systematic review of outcomes of maternal weight gain according to the
Institute of Medicine recommendations: birthweight, fetal growth,
and postpartum weight retention. Am J Obstet Gynecol 201(339):
e331–314
Beyerlein A, Lack N, von Kries R (2010) Within-population average ranges compared with Institute of Medicine recommendations
for gestational weight gain. Obstet Gynecol 116:1111–1118
Nehring I, Lehmann S, von Kries R (2013) Gestational weight gain
in accordance to the IOM/NRC criteria and the risk for childhood
overweight: a meta-analysis. Pediatr Obes 8:218–224
Nehring I, Schmoll S, Beyerlein A, Hauner H, von Kries R (2011)
Gestational weight gain and long-term postpartum weight retention:
a meta-analysis. Am J Clin Nutr 94:1225–1231
Institute of Medicine (US) and National Research Council (US)
Committee to Reexamine IOM Pregnancy Weight Guidelines,
Rasmussen KM, Yaktine AL (eds) (2009) Weight gain during pregnancy: reexamining the guidelines. National Academies Press,
Washington DC
Nohr EA, Vaeth M, Baker JL, Sorensen T, Olsen J, Rasmussen KM
(2008) Combined associations of prepregnancy body mass index

Diabetologia (2015) 58:2229–2237

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

and gestational weight gain with the outcome of pregnancy.
Am J Clin Nutr 87:1750–1759
Catalano PM, Roman NM, Tyzbir ED, Merritt AO, Driscoll P,
Amini SB (1993) Weight gain in women with gestational diabetes.
Obstet Gynecol 81:523–528
Morisset AS, Tchernof A, Dube MC, Veillette J, Weisnagel SJ,
Robitaille J (2011) Weight gain measures in women with gestational diabetes mellitus. J Women’s Health 20:375–380
Gaillard R, Durmus B, Hofman A, Mackenbach JP, Steegers EA,
Jaddoe VW (2013) Risk factors and outcomes of maternal obesity
and excessive weight gain during pregnancy. Obesity (Silver
Spring) 21:1046–1055
Hedderson MM, Gunderson EP, Ferrara A (2010) Gestational
weight gain and risk of gestational diabetes mellitus.
Obstet Gynecol 115:597–604
Liu Z, Ao D, Yang H, Wang Y (2014) Gestational weight gain and
risk of gestational diabetes mellitus among Chinese women.
Chin Med J (Engl) 127:1255–1260
Sommer C, Morkrid K, Jenum AK, Sletner L, Mosdol A, Birkeland
KI (2014) Weight gain, total fat gain and regional fat gain during
pregnancy and the association with gestational diabetes: a
population-based cohort study. Int J Obes 38:76–81
Stroup DF, Berlin JA, Morton SC et al (2000) Meta-analysis of
observational studies in epidemiology: a proposal for reporting.
Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) group. JAMA 283:2008–2012
Gibson KS, Waters TP, Catalano PM (2012) Maternal weight gain
in women who develop gestational diabetes mellitus.
Obstet Gynecol 119:560–565
Harrison CL, Lombard CB, Teede HJ (2012) Understanding health
behaviours in a cohort of pregnant women at risk of gestational diabetes mellitus: an observational study. BJOG: Int J Obstet Gynaecol
119:731–738
Saldana TM, Siega-Riz AM, Adair LS, Suchindran C (2006) The
relationship between pregnancy weight gain and glucose tolerance
status among black and white women in central North Carolina.
Am J Obstet Gynecol 195:1629–1635
Herring SJ, Oken E, Rifas-Shiman SL et al (2009) Weight gain in
pregnancy and risk of maternal hyperglycemia. Am J Obstet Gynecol
201:61.e61–61.e67
Gaillard R, Durmus B, Hofman A, MacKenbach J, Steegers E,
Jaddoe V (2012) Risk factors and outcomes of maternal obesity
and excessive weight gain during pregnancy. Pregnancy Hypertens
2(3):186
Rajput R, Yadav Y, Nanda S, Rajput M (2013) Prevalence of gestational diabetes mellitus & associated risk factors at a tertiary care
hospital in Haryana. Indian J Med Res 137:728–733
Far MA, Ziaei S, Kazemnejad A (2012) The impact of maternal
age, pre-pregnancy body mass index, weight gain and parity on
glucose challenge test (GCT). Int J Fertil Steril 5:207–210
Da Ros Wendland EM, Duncan BB, Belizan JM, Vigo A, Schmidt
MI (2008) Gestational diabetes and pre-eclampsia: common antecedents? Arq Bras Endocrinol Metabol 52:975–984
Kieffer EC, Carman WJ, Gillespie BW, Nolan GH, Worley SE,
Guzman JR (2001) Obesity and gestational diabetes among
African-American women and Latinas in Detroit: implications for
disparities in women’s health. J Am Med Womens Assoc (1972)
56:181–187, 196
Jang HC, Min HK, Lee HK, Cho NH, Metzger BE (1998) Short
stature in Korean women: a contribution to the multifactorial predisposition to gestational diabetes mellitus. Diabetologia
41:778–783

2237
29.

Yang XL, Hsu-Hage B, Zhang H et al (2002) Gestational diabetes
mellitus in women of single gravidity in Tianjin City, China.
Diabetes Care 25:847–851
30. Di Cianni G, Volpe L, Lencioni C et al (2003) Prevalence and risk
factors for gestational diabetes assessed by universal screening.
Diabetes Res Clin Pract 62:131–137
31. Roseman JM, Go RCP, Perkins LL et al (1991) Gestational diabetes
mellitus among African-American women. Diabetes Metab Rev
7:93–104
32. Jackson R, Ameratunga S, Broad J et al (2006) The GATE frame:
critical appraisal with pictures. Evid Based Med 11:35–38
33. Baci Y, Ustuner I, Keskin HL, Ersoy R, Avsar AF (2013) Effect of
maternal obesity and weight gain on gestational diabetes mellitus.
Gynecol Endocrinol 29:133–136
34. Carreno CA, Clifton RG, Hauth JC et al (2012) Excessive early
gestational weight gain and risk of gestational diabetes mellitus in
nulliparous women. Obstet Gynecol 119:1227–1233
35. Park S, Kim MH, Kim SH (2014) Early gestational weight gains
within current recommendations result in increased risk of gestational diabetes mellitus among Korean women. Diabetes Metab Res
Rev 30:716–725
36. Ruifrok AE, van Poppel MN, van Wely M et al (2014) Association
between weight gain during pregnancy and pregnancy outcomes
after dietary and lifestyle interventions: a meta-analysis. Am J
Perinatol 31:353–364
37. Tovar A, Must A, Bermudez OI, Hyatt RR, Chasan-Taber L (2009)
The impact of gestational weight gain and diet on abnormal glucose
tolerance during pregnancy in Hispanic women. Matern Child
Health J 13:520–530
38. Committee on Nutritional Status During Pregnancy and Lactation,
Institute of Medicine (1990) Nutrition during pregnancy: part I
weight gain: part II nutrient supplements (1990). National
Academy of Sciences, Washington DC
39. van Raaij JM, Peek ME, Vermaat-Miedema SH, Schonk CM,
Hautvast JG (1988) New equations for estimating body fat mass
in pregnancy from body density or total body water. Am J Clin Nutr
48:24–29
40. Oken E, Taveras EM, Kleinman KP, Rich-Edwards JW, Gillman
MW (2007) Gestational weight gain and child adiposity at age
3 years. Am J Obstet Gynecol 196(322):e321–e328
41. Shin D, Chung H, Weatherspoon L, Song WO (2014) Validity of
prepregnancy weight status estimated from self-reported height and
weight. Matern Child Health J 18:1667–1674
42. Knabl J, Riedel C, Gmach J et al (2014) Prediction of excessive
gestational weight gain from week-specific cutoff values: a cohort
study. J Perinatol 34:351–356
43. Oteng-Ntim E, Varma R, Croker H, Poston L, Doyle P (2012)
Lifestyle interventions for overweight and obese pregnant women
to improve pregnancy outcome: systematic review and meta-analysis.
BMC Med 10:47
44. Tanentsapf I, Heitmann BL, Adegboye AR (2011) Systematic review of clinical trials on dietary interventions to prevent excessive
weight gain during pregnancy among normal weight, overweight
and obese women. BMC Pregnancy Childbirth 11:81
45. Thangaratinam S, Rogozinska E, Jolly K et al (2012) Effects of
interventions in pregnancy on maternal weight and obstetric outcomes: meta-analysis of randomised evidence. BMJ 344:e2088
46. Rauh K, Gabriel E, Kerschbaum E et al (2013) Safety and efficacy
of a lifestyle intervention for pregnant women to prevent excessive
maternal weight gain: a cluster-randomized controlled trial. BMC
Pregnancy Childbirth 13:151

