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REVIEW ARTICLE

Supervised physical activity and the incidence of gestational diabetes
mellitus: a systematic review and meta-analysis

G. Bennett, N. King, K. Redfern and B. C. Breese

School of Biomedical Sciences, Faculty of Health, University of Plymouth, Plymouth, UK

ABSTRACT
Background: Gestational diabetes mellitus (GDM) characterized by dysfunction in maintaining
glucose homeostasis is recognized as the most common metabolic complication associated with
pregnancy leading to adverse clinical outcomes for maternal and fetal health. Although previous
analysis of the findings from randomized controlled trials (RCTs) support that regular physical
activity reduces the incidence of GDM during pregnancy, less is known about the optimal tim-
ing of intervention with respect to trimester stage.
Objectives: To examine the interaction between both the timing and volume of supervised
physical activity interventions on reducing the incidence of GDM during pregnancy.
Study design: Electronic databases including CINAHL, Embase, Medline and the Cochrane
library were searched for records up to 29 September 2022. Eligibility criteria were RCTs includ-
ing standard antenatal careþ supervised physical activity intervention without dietary modifica-
tion vs. those receiving standard antenatal care alone in women with no previous diagnosis of
GDM, type 1 or type 2 diabetes mellitus.
Results: Of the 3411 records identified, 20 RCTs comprising 6732 participants were included. It
was found that supervised physical activity interventions decreased GDM risk when started
within the first trimester (RR: 0.57, 95% CI: 0.41–0.79; p¼ .001) and by accumulating >600
MET�min�wk�1 of exercise (RR: 0.77, 95% CI: 0.60–0.98; p¼ .03) compared with standard ante-
natal care alone. Women with a BMI �25 kg/m2 experienced the greatest risk reduction in GDM
following supervised exercise training (RR: 0.51, 95% CI: 0.34–0.75; p¼ .001).
Conclusion: Supervised physical activity reduces the incidence of GDM during pregnancy. It is
recommended that pregnant individuals achieve a minimum of 600 MET�min�wk�1 of physical
activity during the first trimester in order to reduce their odds of developing GDM. Attaining a
healthy pre-pregnancy BMI is also an important determinant for the prevention of GDM
with exercise.
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Introduction

Gestational diabetes mellitus (GDM) is defined as glu-
cose intolerance occurring immediately at the start of,
or, during pregnancy [1]. The normal physiological
response to pregnancy is decreased insulin sensitivity
enabling the fetus to receive an adequate glucose
supply. This adaptation is usually compensated by an
increased insulin production by the pancreas to main-
tain a normoglycemic pregnancy; however, endogen-
ous insulin secretion is insufficient in some individuals
leading to the development of GDM [2].

The clinical significance of GDM is the threat
it poses to maternal and fetal morbidity. Individuals

with GDM are at greater risk of gestational hyperten-
sion, pre-eclampsia, polyhydramnios and cesarean
delivery [3]. The complications related to the infant
include macrosomia, large for gestational age, pre-
term delivery, neonatal hypoglycemia and admission
to neonatal intensive care unit [3]. Moreover, infants
born by individuals with GDM are more likely to
develop obesity, thereby increasing their risk of glu-
cose intolerance and pre-diabetes during adolescence
[4]. There are also long-term health implications for
the mother, as GDM increases the risk of developing
type 2 diabetes mellitus after pregnancy by almost 10
times compared to individuals experiencing a normo-
glycemic pregnancy [5].
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Physical activity improves glucose homeostasis and
insulin sensitivity mediated by the translocation of the
GLUT-4 glucose transporter protein increasing muscle
glucose uptake [6]. Previous meta-analyses of random-
ized controlled trials (RCTs) have reported that regular
exercise decreases the incidence of GDM [7–11] with
at least 600 MET�min�wk�1 of moderate-intensity phys-
ical activity recommended for women to achieve a
clinically meaningful effect [7]. This volume of exercise
is consistent with the minimum 150min�wk�1 advised
by The American College of Obstetricians and
Gynecologists (ACOG) [12]. However, the timing of
exercise with respect to trimester stage was not
addressed from these previous reviews. A recent pro-
spective study reported that women persistently active
as defined by ACOG guidelines from preconception
through second trimester displayed improved glucose
metabolism with a “dose–response” relationship (in
MET�min�wk�1) during early-to-mid second trimester
[13]. These data support the importance of physical
activity intervention earlier into pregnancy although
there was no significant association on GDM incidence
[13]. Therefore, the primary aim of this meta-analysis
and systematic review was to examine the interaction
between both the timing and volume of supervised
exercise training in relation to GDM risk.

Materials and methods

This systematic review and meta-analysis was con-
ducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines, and the checklist was com-
pleted [14].

Search strategy

Relevant articles were identified through literature
searches in the following four electronic databases:
the Cochrane Library, the Cumulative Index to Nursing
and Allied Health Literature (CINAHL), Embase and
Medline. No limits were applied for the publication
date, so all available records up until 29 September
2022 were searched. The free-text search term was
based on the PICO format (Population/Problem,
Intervention, Control, Outcome) [15]. Different combi-
nations of keywords were used in each database
search because of the varying search platforms (see
the online supplement Figure 1 for general search
strategy). Searches were also conducted in OpenGrey
and the British Library database to look for relevant
grey literature. Additionally, the reference lists of

published studies and reviews were manually searched
to obtain further eligible trials. Endnote X9.3.3 was
used to manage the articles produced by
the searches.

Inclusion and exclusion criteria

Studies were eligible for inclusion according to the fol-
lowing criteria [1]: study design – randomized con-
trolled trial [2]; participants – pregnant individuals
without contraindication to exercise and previous
diagnosis of GDM, type 1 or type 2 diabetes mellitus
at commencement [3]; intervention – standard ante-
natal careþ supervised physical activity intervention
[4]; control – individuals receiving standard antenatal
care alone [5]; outcome measure – GDM incidence
measured as a primary or secondary outcome. All
studies including a combined dietary intervention
were excluded. Interventions were classified as super-
vised if they included at least one session per week
which was supervised by an exercise professional.
There were no restrictions imposed on the exercise
type, intensity, frequency or duration of the physical
activity intervention nor were there exclusions made
based on differing GDM diagnostic criteria. We did not
apply specific exclusions with respect to weight cat-
egory to ensure that study participants represented
the wider pregnant population. All identified papers
were assessed by GB and reviewed by BB; any discrep-
ancies were resolved by NK.

Data extraction

The data extracted from each paper was as follows [1]:
the first author’s last name [2]; the publication year
[3]; the country in which the study took place [4]; the
study population size (n) [5]; the participant character-
istics (including age, body mass index and health
parameters) [6]; the gestation week that intervention
started [7]; the length of intervention [8]; the interven-
tion characteristics including the type, intensity, fre-
quency and duration of sessions [9]; the number of
cases of GDM in the intervention and control group
[10]; the compliance to intervention, and [11]; the
GDM diagnostic criteria. Data extraction tables were
created in Microsoft Word. Data was extracted by GB
and reviewed by BB; any disputes were resolved by a
third reviewer, NK.

Quality assessment

The Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) framework was
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used to assess the quality of evidence initially rated as
high for RCTs then downgraded if there were concerns
with risk of bias, indirectness, inconsistency, impreci-
sion and publication bias reducing confidence in the
observed effects.

All studies were screened for risk of bias following
the Cochrane Handbook [16] with potential sources of
bias identified as selection bias (inadequate random-
ization), reporting bias (selective/incomplete outcome
reporting), performance bias (compliance to the inter-
vention), detection bias (flawed measurement of out-
come) and attrition bias (high loss to follow-up).
Performance bias was rated as “high” if women on
average attended <70% of supervised exercise ses-
sions throughout the intervention period. Attrition
bias was rated as “high” if >10% of women were lost
to follow-up and intention-to-treat analysis was not
used. Overall risk of bias was considered “serious” if
studies displaying “high” risk of bias had a summed
weighting which contributed >50% to the
pooled estimate.

Indirectness was rated as “non-serious” for all
included RCTs given we excluded previous studies
investigating the effect of exerciseþ co-interventions
on the odds of GDM. Inconsistency was considered
“serious” when heterogeneity was high (i.e. I2 > 50%).
Imprecision was considered “serious” when the 95%CI
crossed the line of no effect, and was wide, such that
interpretation of the data would be different if the
true effect were at one end of the CI or the other.
Publication bias was investigated through visual
inspection of funnel plots and the Classic fail-safe N
method. The latter calculates the number of studies
required to nullify the significance of the effect size in
the meta-analysis, where a low number of studies indi-
cated a “serious” risk of publication bias.

Statistical analysis

Comprehensive Meta-analysis (CMA) software (version
3) was used to perform the statistical analysis. Risk
ratios and their 95% confidence interval (CI) were cal-
culated for each RCT with this data combined using a
random-effects model to determine the pooled effect
size of standard antenatal careþ supervised physical
activity interventions vs. standard antenatal care alone
on GDM incidence. The level for statistical significance
was set at p< .05. The presence of heterogeneity was
assessed using the I2 statistic, which determines the
percentage of total variation across the studies due to
heterogeneity rather than chance. It scores heterogen-
eity between 0% and 100%, with 25%, 50%, and 75%

representing low, moderate and high heterogeneity,
respectively [17]. This analysis was undertaken separ-
ately by identifying a priori subcategories of RCT
according to the timing of intervention, weekly exer-
cise training volume, and weight status of study par-
ticipants. Two categories of RCT were identified based
on the timing of intervention (i.e. started within the first
trimester vs. started after the first trimester). The first tri-
mester is defined from weeks 1 to 13 of gestation [18].
Most authors provided their start date in the form of a
range (e.g. gestational week 6–9) in which cases the
median value was used to assign each study a start
date commencing either within the first trimester or
started after the first trimester. We estimated weekly
exercise training volume from details provided by the
authors’ on exercise type, intensity, frequency and dur-
ation of their intervention. The metabolic equivalents
(METs) for each intervention were calculated from the
compendium of physical activities [19], based on the
type of exercise prescribed. This value was multiplied
by the duration (min) and frequency (days�wk�1) of
training sessions to estimate total training volume in
MET�min�wk�1. Interventions were then grouped into
two categories (i.e. <600 MET�min�wk�1 vs. >600
MET�min�wk�1) corresponding to the minimum advised
by ACOG of at least 150min�wk�1 of moderate-intensity
physical activity per week [12]. For weight status,
included studies were categorized into individuals with
low and high pre-pregnancy BMI (i.e. �25 kg/m2 vs.
>25kg/m2).

Results

Study selection

A PRISMA diagram of the study selection process,
including reasons for exclusion, is shown in Figure 1.
The initial search identified 3407 records. Additionally,
four articles were identified from other sources.
Following the removal of duplicates, 2268 articles
were screened, and 2117 were excluded based on the
title and abstract. The full text of the remaining 151
articles were reviewed for eligibility. Reasons were
stated for the exclusion of articles after review of the
full text. Finally, 20 articles met the inclusion criteria
and were therefore included in the analysis.

Study characteristics

The characteristics of RCTs included in this meta-
analysis are summarized in the online supplement
Table 1 The physical activity programs varied between
studies with respect to exercise type, intensity,
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frequency and duration with differences in the start
date (timing) of the interventions. In the control
groups, individuals received standard antenatal care,
and they did not participate in any structured physical
activity program.

Measurement of study outcomes

All studies included in this meta-analysis recorded the
incidence of GDM in their intervention and control
group. However, different criteria were used to

diagnose GDM in the participants. For example, the
WHO 1999 criteria [20], the WHO 2009 criteria [21],
and the WHO 2014 criteria [22] were each utilized.
Also, Barakat et al. [23] and Daly et al. [24] used the
International Association of Diabetes and Pregnancy
Study Groups (IADPSG) 2010 criteria, and Pelaez et al.
[25] used the Spanish Group of Diabetes and
Pregnancy (GEDE) 2006 criteria. The National Diabetes
Data Group criteria were used by Cordero et al. [26],
and the American Diabetes Association (ADA) criteria
were used by Barakat et al. [27] and Price, Amini and

Figure 1. Consort figure.
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Kappeler [28]. The remaining 11 studies did not report
the diagnostic criteria they used [29–39].

Study quality assessment

The quality of evidence was rated as “low” across all
20 included RCTs and ranged from “low” to
“moderate” from analyzing sub-categories of study
(see online supplement Table 2). The most common
reason(s) for downgrading the quality of evidence was
“serious” risk of bias attributable to high attrition rate
and/or relatively low compliance to the intervention.
Other reasons for downgrading the quality of evi-
dence included imprecision and inconsistency.

Synthesis of results

From the 20 studies included in this meta-analysis,
3320 individuals received standard antenatal
careþ supervised physical activity intervention during
pregnancy, and 3512 individuals received standard
antenatal care alone. Out of those receiving the phys-
ical activity intervention, 227 individuals developed

GDM, and 346 individuals from the control groups
developed GDM. There was a significant 38%
decreased GDM risk among individuals randomized to
the physical activity interventions (RR ¼ 0.62; 95% CI
0.46–0.82; p¼ .002; I2 ¼ 62%) with this effect depend-
ent on the subcategory of study analyzed.

Thirteen studies started their physical activity inter-
vention within the first trimester of pregnancy, and
seven studies started their intervention after the first tri-
mester. There was a significantly decreased GDM risk for
physical activity interventions started earlier into preg-
nancy (within the first trimester) (RR ¼ 0.57; 95% CI
0.41–0.79; p¼ .001; I2 ¼ 50%; Figure 2) with no statistic-
ally significant risk reduction for physical activity inter-
ventions starting later during pregnancy (after the first
trimester) (RR ¼ 0.96; 95% CI 0.75–1.22; p¼ .73; I2 ¼
0%). Data on weekly exercise training volume
(MET�min�wk�1) was available for eighteen studies.
There was a significantly decreased GDM risk for inter-
ventions with an estimated weekly training volume of
>600 MET�min�wk�1 (RR ¼ 0.77; 95% CI 0.60–0.98;
p¼ .03; I2 ¼ 13%; Figure 3), whereas an estimated
weekly training volume of <600 MET�min�wk�1 did not

Figure 2. Effects of prenatal exercise compared with control on GDM risk according to timing of intervention including women
starting exercise within the first trimester (early intervention) or after the first trimester (late intervention). Analysis conducted
with a random effects model.
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promote a significant risk reduction (RR ¼ 0.64; 95% CI
0.35–1.16; p¼ .14; I2 ¼ 66%). There was a significant
49% decreased GDM risk following physical activity
intervention in individuals with a mean BMI of �25 kg/
m2 at baseline (RR ¼ 0.51; 95% CI 0.34–0.75; p¼ .001; I2

¼ 33%). There was no significant difference in GDM inci-
dence between the intervention and control group
observed in the studies including individuals with a
mean BMI >25 kg/m2 (RR ¼ 0.86; 95% CI 0.68–1.08;
p¼ .20; I2 ¼ 29%).

Discussion

The novel, original finding from this meta-analysis and
systematic review was that effects from supervised
physical activity interventions on decreasing GDM risk
were dependent on exercise commencing earlier into
pregnancy (i.e. within the first trimester) together with
accumulating a minimum amount of exercise (i.e. 600
MET�min�wk�1). These data strengthen support for
encouraging healthy women to engage in at least
150min of moderate-intensity physical activity per
week starting between weeks 1 and 13 of gestation. A
lower pre-pregnancy BMI was also identified as an
additional factor predicting a decreased incidence of
GDM following supervised exercise training.

The studies’ pooled estimate found that physical
activity was associated with a 38% decreased risk of

developing GDM. These results are consistent with pre-
vious meta-analyses reporting a decreased GDM risk in
pregnant individuals randomized to the physical activity
interventions [7,8,10]. Doi et al. [8] found that undertak-
ing a physical activity intervention elicited an overall
31% decreased risk of developing GDM from an analysis
of 11 RCTs consisting of 1467 pregnant individuals. This
corresponded to 18 participants requiring treatment
with physical activity (compared to standard care) to
prevent one case of GDM. Russo et al. [10] reported a
similar 28% decreased risk of developing GDM in their
summary estimate from 10 RCTs. Davenport et al. [7]
also reported a 38% reduction in the odds of develop-
ing GDM in individuals receiving prenatal exercise fol-
lowing an analysis of 26 RCTs.

The results from this meta-analysis demonstrated
that physical activity interventions started earlier in
pregnancy augmented the risk reduction for develop-
ing GDM, from 38% for the overall effect of the inter-
ventions to 43% for the interventions starting during
the first trimester. A recent prospective study also
reported that the timing of physical activity was
important for achieving improved glucose metabolism
[13]. It found that women self-reporting higher levels
of moderate-to-vigorous physical activity (MVPA) dur-
ing early-to-mid second trimester displayed significant
reductions in maternal glucose concentrations,
whereas there was no association in the mid-to-late

Figure 3. Effects of prenatal exercise compared with control on GDM risk according to weekly estimated training volume includ-
ing women achieving <600 MET�min�wk�1 or >600 MET�min�wk�1 of exercise. Analysis conducted with a random effects model.
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second trimester [13]. However, this study was unable
to find a significant association between maternal
MVPA with the risk of GDM. The study design likely
contributed to this null finding as the self-reported
measures of maternal MVPA were likely higher than
what was achieved by the participants. This limitation
is overcome in the current meta-analysis by the super-
vised nature of the interventions. Initiating exercise in
the first trimester may be crucial due to the placenta’s
function already being predetermined by the end of
the first trimester [40]. This could be a contributing
factor to why previous RCTs have failed to prevent
GDM in their participants. Of the 124 individuals in
the exercise intervention, only 16.8% started their
exercise program before 14 weeks’ gestation in a RCT
conducted by Nobles et al. [41]. The UPBEAT study, a
multi-centered RCT conducted in the UK by Poston
et al. [42], similarly recruited individuals in their
second trimester between 15 and 18 weeks’ gestation.
Both studies failed to reduce the incidence of GDM in
their intervention groups.

ACOG recommend that pregnant individuals with-
out contraindications to physical activity achieve at
least 150min of moderate-intensity exercise per week
[12] with a previous review concluding that 600
MET�min�wk�1 represented a minimum amount of
exercise required to achieve a clinically meaningful
(i.e. 25%) reduction in GDM risk [7]. Accordingly, this
value was used as a cutoff for defining sub-categories
of RCT in relation to training volume, with a significant
reduction in GDM risk dependent on interventions
achieving >600 MET�min�wk�1 of exercise. These find-
ings corroborate those previously reported by
Davenport et al. [7] by incorporating 5 new RCTs pub-
lished after 2018 (2130 additional individuals), thus
strengthening the observation.

The subgroup analysis undertaken in the present
investigation in which trials were separated by the mean
BMI of individuals (i.e. �25kg/m2 or >25kg/m2) at the
commencement of the study, revealed an interesting
result. The pooled effect of trials with a mean BMI
�25 kg/m2 was greater with a significant 49% decreased
risk of developing GDM for individuals randomized to
the physical activity intervention, compared to a non-sig-
nificant 14% reduction for those trials including individu-
als with a mean BMI >25kg/m2. The tendency for trials
including individuals classified as overweight or obese to
report an attenuated effect from exercise training on
decreasing GDM risk is consistent with the findings from
a previous study [7] and may be attributed to the likeli-
hood of these individuals displaying a degree of insulin
resistance before pregnancy [43] which was

undiagnosed at the commencement of the physical
activity intervention. Therefore, this meta-analysis has
demonstrated that physical activity alone may not pro-
vide a strong enough stimulus for overcoming the nega-
tive effects of having a high BMI on metabolic health
during pregnancy.

Limitations

A feature of standard antenatal care in many countries
is to provide written dietary and exercise advice dur-
ing pregnancy. Therefore, in the absence of objectively
measured physical activity (i.e. accelerometry) data, we
cannot discard the possibility that effects from the
addition of supervised exercise on the incidence of
GDM may have been concealed due to women in the
control group exercising throughout the intervention
period. Moreover, there may exist disparities between
trials in terms of defining “standard antenatal care”
given differences in the spending on health care serv-
ices between countries [44]. These disparities in
healthcare provision between trials could limit inter-
pretation of the results as it may not be clear whether
a significant finding from a trial is the result of a suc-
cessful intervention or due to comparison against an
ineffective standard of care [45]. Additionally, the
requirement for interventions to be supervised
reduces ecological validity of these findings, given
that supervised interventions are expensive, labor-
intensive and require specialist professionals which are
unlikely to be available in a clinical setting for the
wider population. It should also be highlighted that
the quality of evidence was downgraded for many
RCTs in which high numbers of women were either
lost to follow-up and/or reported low compliance (i.e.
serious risk of bias) to interventions spanning
20–30weeks, thereby potentially weakening the asso-
ciation supervised exercise and GDM risk. The gesta-
tional week that physical activity should be
commenced was addressed in this review; however,
consideration should also be given to the gestation
weeks that physical activity spans. For example, the
duration of the interventions ranges from 12 to
35weeks, so some interventions may have started in
the first trimester and ended in the second, whereas
others continued until term. This information would
help strengthen the recommendations made to preg-
nant individuals by healthcare providers.

Conclusion

In conclusion, women undertaking supervised exercise
training started within their first trimester had
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decreased odds of developing GDM compared to non-
active controls. Accumulating 600 MET�min�wk�1 of
exercise together with having a healthy pre-pregnancy
BMI (i.e. �25 kg/m2) represent other additional factors
predicting lower GDM incidence following supervised
exercise programs. It is recommended that future
studies prioritize the development of behavioral and
educational support for women in achieving at least
150min�wk�1 of moderate-intensity physical activity
earlier into pregnancy.
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