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Abstract
The main purpose of this systematic review was to summarize the recent randomized controlled trials (RCTs) regarding the effects of exercise on 

gestational diabetes mellitus (GDM) in overweight and obese pregnant women. A literature search was performed on Web of Science, ScienceDirect, 
and Google Scholar. The keywords were “exercise”, “physical activity”, “overweight”, “obese”, “gestational diabetes mellitus” and “gestational 
diabetes”. Only RCTs related to this field that have been published in peer-reviewed journal were covered. Twelve related studies were included in 
this review, 5 trials employed comprehensive lifestyle programs, 4 trials employed comprehensive exercise training programs, and the remaining 
3 trials employed single exercise training programs, respectively. Although there are some conflict results in the effects of exercise on GDM in 
overweight or obese pregnant women, it seems that single exercise training programs (i.e. moderate-intensity cycling intervention) may contribute 
to more benefit on reducing the incidence of GDM and improving glucose metabolism. However, further rigorously well-designed RCTs are much 
warranted for examining the appropriate setting of this intervention and for further verification.
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Introduction
Gestational diabetes mellitus (GDM), similar to type-2 diabetes 

(T2D), is one of the most common complications of pregnancy, 
especially for these overweight or obese women [1-3]. It is 
featured by the disorder of glucose metabolism and carbohydrate 
[1]. Previous studies have indicated that the prevalence of GDM is 
increasing greatly worldwide, with the estimated prevalence risk  

 
being 17.8% [3-5]. GDM is associated with many adverse health 
outcomes both in pregnant women and their infants. For example, 
compared with healthy counterparts, pregnant women with GDM 
are more likely to undergo preterm birth, cesarean section, and 
polyhydramnios [6-9]. In addition, it has been found out that both 
pregnant women with GDM and their offspring have much higher 
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risk of developing T2D and its complications in the future [10]. 
Therefore, it is of great clinical importance to explore some easy 
interventions that can be used during pregnancy to alleviate and 
even cure GDM.

In recent years, a number of studies have indicated that 
exercise has several benefits on women with GDM [11-15]. For 
example, Garnæs et al. [14] found that both the incidence of 
gestational diabetes mellitus and systolic blood pressure were 
significantly lower after exercise intervention than the control. 
Several systematic review and meta-analysis on this topic add more 
evidence. Ming et al. [3] demonstrated that exercise can decrease 
the incidence of GDM without any adverse results on normal-
weight pregnant women.

Several factors are highly associated with the occurrence and 
development of GDM, with overweight or obese being one of the 
most common one [16,17]. However, there is still less evidence 
based on the systematic evaluation of the effects of exercise on 
GDM in overweight and obese pregnant women up to now. In 
addition, emerging studies have revealed that exercise may not 
benefit overweight pregnant women with GDM [18,19]. Therefore, 
the purpose of this study was to review and summarize the recent 
randomized controlled trials (RCTs) regarding the effects of 
exercise on gestational diabetes mellitus (GDM) in overweight and 
obese pregnant women.

Methods

Eligibility Criteria

In order to be included in this review, previous related studies 
must meet the following several eligibility criteria: 1) study types, 
only randomized controlled trials (RCTs) that have been published 
in peer-reviewed English journal and with the aim to investigate the 
effects of exercise on gestational diabetes mellitus in overweight 
and/or obese pregnant women were considered for inclusion, other 
types of research, such as cross-sectional studies, case reports, and 
thesis etc., were not covered; 2) participants, pregnant women who 
have been diagnosed as overweight and/or obese based on body 
mass index (BMI) were included, and there is no restriction on 
ethnicity and age; 3) intervention, participants in the intervention 
group should perform exercise or take part in some comprehensive 
exercise programs, while this is no restriction on control group; 4) 
outcomes, studies evaluated the effects of exercise on parameters 
related to gestational diabetes mellitus were included.

Searching Strategy

In order to examine the current evidence regarding this topic, a 
thorough literature search was applied to identify all related studies 
from 2010 until 13 October 2020 from the following three English 
electronic databases: Google Scholar, Web of Science, ScienceDirect. 
The following several keywords were used during search, 

(“exercise” OR “physical activity”) AND (“overweight” OR “obese”) 
AND (“gestational diabetes mellitus” OR “gestational diabetes”). 
The searching strategy was modified according to the requirement 
of each database. In addition, in order to ensure that the searching 
process is thorough and rigorous, all the retrieved records were 
independently assessed by two researchers and discussed with 
the third researcher if any disagreements happened. The citation 
snowballing method was also applied to check the reference lists of 
all included studies and locate any potential related studies [20,21].

Data Management

Two researchers independently extracted and summarized 
the following study characteristic from each trial, authors, country 
(where the trial was carried out), published year, participant 
characteristics (sample size, age, and BMI), interventions (exercise 
types, frequency, and duration), outcome parameters, and primary 
results. Any differences that happened during data management 
would be discussed and resolved with the third researchers. In 
addition, Mendeley Reference Management Software (Elsevier Ltd., 
Amsterdam, Netherlands) was used for further study management.

Risk of Bias Assessment

The Cochrane Risk of Bias Assessment Tool was used to 
evaluate the quality of all the included studies [22]. To be more 
specified, seven sub-domains including random sequence 
generation, allocation concealment, blinding of participants and 
personnel, blinding of outcome assessment, incomplete outcome 
data, selective reporting, and other biases, was assessed, and each 
sub-domain was graded as three levels, low risk of bias, unclear risk 
of bias, and high risk of bias.

Results

Searching Results

The searching and study selecting process is showed in Figure 
1. A total of 21,602 records were retrieved from three literature 
databases, and 452 studies remained after all the irrelevant or 
duplicate items were removed based on titles. According to the 
eligibility criteria, 437 papers were then further excluded from this 
review because of the following several reasons, 1) not randomized 
controlled trials; 2) studies not related to overweight and/or obese 
pregnant women; 3) study not involved in exercise intervention; 
4) study protocols without any outcomes. After that, 5 duplicates 
between databases were excluded while 2 additional articles were 
included after reference searching of the included studies and 
retrieved reviews. Finally, 12 related studies met the criteria were 
included in this review.

Study Quality

The study quality was evaluated in terms of the risk of bias, and 
the detailed information was presented in Figure 2 & Table 1. More 
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than half of the included studies described the random sequence 
generation process in detail (n=9, 75.00%) and concealed the 
allocation from both participants and researchers (n=8, 66.67%). 
However, there is still some studies that did not presented enough 
detailed information regarding these two domains. Regarding 
the following two domains, all studies presented high risk of bias 

because it is usually not possible to blind both participants and 
researchers when performing interventions (n=12, 100.00%). 
Nevertheless, all the studies reported low risk of bias in incomplete 
outcome data and selective reporting (n=12, 100.00%). It is 
unclear if there is any other bias that existed in these studies (n=12, 
100.00%).

Table 1: Risk of bias summary.

Trials
Random 

Sequence Gen-
eration

Allocation 
Conceal-

ment

Blinding of Par-
ticipants and 

Personnel

Blinding of Outcome 
Assessment

Incomplete 
Outcome Data

Selective Re-
porting

Other 
Bias

Daly et al. (2017) [18] Low Low High High Low Low Unclear

Hawkins et al. (2015) 
[19] Low Low High High Low Low Unclear

Wang et al. (2017) [11] Low High High High Low Low Unclear

Bruno et al. (2017) [12] Low Low High High Low Low Unclear

Simmons et al. (2017) 
[23] Low Low High High Low Low Unclear

Wang et al. (2016) [13] Unclear Unclear High High Low Low Unclear

Seneviratne et al. (2016) 
[24] Low Low High High Low Low Unclear

Garnæs et al. (2016) 
[14] Low Low High High Low Low Unclear

Vinter et al. (2018) [25] Low Low High High Low Low Unclear

Oostdam et al. (2012) 
[26] Unclear Unclear High High Low Low Unclear

Callaway et al. (2010) 
[27] Unclear Unclear High High Low Low Unclear

Simmons et al. (2015) 
[28] Low Low High High Low Low Unclear

Table 2: The basic characteristics of included studies.
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Table 3: The primary results and conclusions of the included studies.

Figure 1: The searching and study selecting flowchart.

Figure 2: Risk of bias evaluation.
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Basic Study characteristics

The basic study characteristics were presented in Table 2. Of all 
the included studies that published in the past 10 years (from 2010 
to 2020), most of them were conducted in the Europe (Ireland (n=1), 
Italy (n=1), Norway (n=1), Denmark (n=1), and The Netherlands 
(n=1); n=5, 41.67%) and Oceania (Australia (n=3) and New Zealand 
(n=1); n=4, 33.33%). The remaining three studies were conducted 
in Asia (China, n=2, 16.67%) and North America (USA, n=1, 8.33%). 
A total of 1940 pregnant women aged from 18 to 40 years old were 
covered in these included studies, and all of them were diagnosed 
as overweight or obese based on their body mass index (BMI). 
Three kinds of exercise intervention were involved in this review, 
comprehensive lifestyle program, including both personalized diet 
and physical activity; comprehensive exercise training program, 
including different types of exercise (e.g. resistance exercise and 
aerobic exercise); single exercise training program, including only 
one type of exercise (cycling). Standard prenatal care was applied 
in all these studies as the control intervention. The duration of the 
intervention varied from studies while most studies stated that 
the intervention was performed from the enrollment day to 35-
37 weeks of gestation or to delivery. In addition, the frequency of 
intervention ranged from 2 to 5 times per week, with each time 
lasts for 15 to 60 minutes.

The primary outcomes of these included studies were presented 
in Table 3. Summary of these resulted were displayed in 3 parts, 
including 1) effects of comprehensive lifestyle program on GDM; 
2) effects of comprehensive exercise training program on GDM; 3) 
effects of single exercise training program on GDM.

Effects of Comprehensive Lifestyle Program on GDM

Most studies (n=5) in this review investigated the effects of 
comprehensive lifestyle program on GDM.

Two studies related to this topic were conducted in 2015. 
Hawkins and his colleagues [19] compared the effects of pregnancy 
lifestyle intervention, which is consisted of personalized diet 
and moderate-intensity physical activity, with standard prenatal 
care on pregnant women. Subjects were asked to perform this 
intervention at least 30 minutes per day for 6 months in total. 
Gestational weight gain, infant birth weight, and parameters related 
to insulin resistance were measured before and after intervention, 
and they found that only the ability for vigorous physical activity 
was significantly improved when compared to the control group. 
Although there are some differences in study design, Simmons 
et al. [28] reported some positive results. Subjects were divided 
into three groups, healthy eating group, physical activity group, 
and healthy eating + physical activity group, and were required to 
perform corresponding intervention from 20 weeks to 35 weeks 
of gestation. They found that the fasting glucose and gestational 

weight gain were significantly reduced after healthy eating 
intervention, but not for the other two groups. However, using the 
same study design, Simmons et al. [23] presented some different 
outcomes. They demonstrated that although the gestational weight 
was significantly reduced after healthy eating + physical activity 
intervention, none of these three interventions can significantly 
reduce the incidence of gestational diabetes mellitus.

Finally, two recent studies in this category also reported some 
controversial results. Bruno et al. [12] compared the effects of 
pregnancy lifestyle intervention (30 minutes per time for 3 times 
per week from enrollment to 36-week gestation) with standard 
prenatal care, and  they found that this comprehensive lifestyle 
program significantly reduced the incidence of GDM.  Vinter et al. 
[25] conducted a similar trial on pregnant women. Subjects were 
asked to perform comprehensive intervention 30 to 60 minutes 
per day for 6 months in total, and they reported that lifestyle 
intervention was not effective in improving metabolic and obstetric 
parameters.

Effects of Comprehensive Exercise Training Program on 
GDM

Four studies evaluated the effects of comprehensive exercise 
training program on GDM were included in this category. Callaway 
et al. [27] firstly started RCT on obese pregnant women. Subjects 
were asked to perform individualized exercise intervention from 
12 weeks to 36 weeks of gestation, and they were required to meet 
the 900 kcal energy expenditure per week. Similar to what Hawkins 
et al. has found, the incidence of GDM was not reduced although 
the physical activity ability was improved after individualized 
exercise intervention. In addition, Oostdam et al. [26] also reached 
a relatively similar result. A 60-min course of exercise training 
program including both aerobic and strength exercise was applied 
in their study at 2 times per week from 15 weeks of gestation to 12 
weeks after delivery, and the results shown that no significant effect 
was observed after exercise training programme when compared 
to control group. The subsequent two studies also put some conflict 
results. In Garnæs et al. [14] study, subjects were randomly assigned 
to a 60-min moderate-intensity endurance and strength training 
intervention at 3 times per week or standard prenatal care from 
12-18 weeks of gestation to delivery, and they found that although 
the gestational weight gain was not significantly reduced, both 
the incidence of gestational  diabetes mellitus and systolic blood 
pressure seemed to be lower after moderate-intensity endurance 
and strength training intervention than control group. However, 
using the similar study design, Daly et al. [18] demonstrated that 
the comprehensive exercise training program can significantly 
reduce the gestational weight gain but have no effect on maternal 
glycemia.
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Effects of Single Exercise Training Program on GDM

There are also 3 studies focused on investigating the effects 
of single exercise training program on GDM. The first of the 
three studies compared the effects of moderate-intensity cycling 
intervention with standard prenatal care on GDM [24]. The results 
showed that only fitness was significantly improved after exercise 
intervention. However, Wang et al. conducted two trials in 2016 
[13] and 2017 [11] and found some different results. Although 
there are some differences in the setting of exercise intervention, 
both studies demonstrated that the cycling exercise intervention 
significantly reduced the incidence of GDM.

Discussion
This study comprehensively reviewed and summarized 

evidences from previous RCTs examining the effects of exercise 
on GDM in overweight or obese pregnant women, with the aim 
to find out if there are any better exercise interventions that may 
contribute to more benefits for the treatment of GDM.

Although there are many comprehensive exercise interventions 
and single exercise training programs that have already been used, 
conflict results always existed. For the comprehensive lifestyle 
program, 4 studies reported that it has no positive effects on 
GDM [19,23,25,28] while 1 study did find some positive influence 
after intervention [12]. It is interesting to note that Simmons et 
al. conducted two studies in 2015 [28] and 2017 [23] using the 
same study design respectively but the results were relatively 
different. The former study found that the fasting glucose and 
gestational weight gain were significantly reduced after healthy 
eating intervention while the latter demonstrated that although the 
gestational weight was significantly reduced after healthy eating + 
physical activity intervention, none of these three interventions can 
significantly reduce the incidence of gestational diabetes mellitus. 
The reason for this difference could be the number of subjects 
in these two studies as Simmons et al. [23] increased the subject 
number to 436. There is a similar trend for the comprehensive 
exercise training programs, with 3 neutral results [18,26,27] and 1 
positive result [14]. However, there is a relatively different trend for 
the single exercise training program, with 2 positive results [11,13] 
and 1 neutral result [24]. To sum up, from the recent evidence, 
it seems that moderate-intensity cycling intervention may have 
some positive effects on GDM in overweight or obese women, 
nevertheless, more rigorously well-designed RCTs are needed for 
further verification.

Two potential limitations of this review and design flaws of these 
included studies should be mentioned and addressed in the future 
studies. Firstly, in order to examine the recent evidence regarding 
this topic, only studies published in 2010 to 2020 were included in 
this review, which may be one of the main reasons why this review 

failed to reach a unified conclusion. Further related reviews should 
expand the searching range. Secondly, of the 12 included studies, 
only half studies have a sample size of more than 100, which may 
increase the type Π error risk of their results. Thus, further studies 
with larger sample size in this field are much needed.

Conclusions
In conclusion, although there are some conflict results in 

the effects of exercise on GDM in overweight or obese pregnant 
women, it seems that moderate intensity cycling intervention may 
contribute to more benefit on reducing the incidence of GDM and 
improving glucose metabolism. However, more rigorously well-
designed RCTs are warranted to examine the appropriate setting 
and for further verification.
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