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BACKGROUND: Obesity and being overweight are becoming

epidemic, and indeed, the proportion of such women of reproductive age

has increased in recent times. Being overweight or obese prior to

pregnancy is a risk factor for gestational diabetes mellitus, and increases

the risk of adverse pregnancy outcome for both mothers and their

offspring. Furthermore, the combination of gestational diabetes mellitus

with obesity/overweight status may increase the risk of adverse pregnancy

outcome attributable to either factor alone. Regular exercise has the

potential to reduce the risk of developing gestational diabetes mellitus and

can be used during pregnancy; however, its efficacy remain controversial.

At present, most exercise training interventions are implemented on

Caucasian women and in the second trimester, and there is a paucity of

studies focusing on overweight/obese pregnant women.

OBJECTIVE: We sought to test the efficacy of regular exercise in early
pregnancy to prevent gestational diabetes mellitus in Chinese overweight/

obese pregnant women.

STUDY DESIGN: This was a prospective randomized clinical trial in

which nonsmoking women age>18 years with a singleton pregnancy who

met the criteria for overweight/obese status (bodymass index 24�28kg/m2)

and had an uncomplicated pregnancy at <12þ6 weeks of gestation were

randomly allocated to either exercise or a control group. Patients did not have

contraindications to physical activity. Patients allocated to the exercise group

were assigned to exercise 3 times per week (at least 30 min/session with a

rating of perceived exertion between 12-14) via a cycling program begun

within 3 days of randomization until 37 weeks of gestation. Those in the

control group continued their usual daily activities. Both groups received

standard prenatal care, albeit without special dietary recommendations. The

primary outcome was incidence of gestational diabetes mellitus.

RESULTS: From December 2014 through July 2016, 300 singleton

women at 10 weeks’ gestational age and with a mean prepregnancy body

mass index of 26.78� 2.75 kg/m2 were recruited. They were randomized

into an exercise group (n ¼ 150) or a control group (n ¼ 150). In all, 39

(26.0%) and 38 (25.3%) participants were obese in each group,

respectively. Women randomized to the exercise group had a significantly

lower incidence of gestational diabetes mellitus (22.0% vs 40.6%; P <
.001). These women also had significantly less gestational weight gain by

25 gestational weeks (4.08� 3.02 vs 5.92� 2.58 kg; P< .001) and at

the end of pregnancy (8.38 � 3.65 vs 10.47 � 3.33 kg; P < .001), and

reduced insulin resistance levels (2.92� 1.27 vs 3.38� 2.00; P¼ .033)

at 25 gestational weeks. Other secondary outcomes, including gestational

weight gain between 25-36 gestational weeks (4.55 � 2.06 vs 4.59 �
2.31 kg; P¼ .9), insulin resistance levels at 36 gestational weeks (3.56�
1.89 vs 4.07 � 2.33; P ¼ .1), hypertensive disorders of pregnancy

(17.0% vs 19.3%; odds ratio, 0.854; 95% confidence interval,

0.434e2.683; P¼ .6), cesarean delivery (except for scar uterus) (29.5%

vs 32.5%; odds ratio, 0.869; 95% confidence interval, 0.494e1.529;
P ¼ .6), mean gestational age at birth (39.02 � 1.29 vs 38.89 � 1.37

weeks’ gestation; P¼ .5); preterm birth (2.7% vs 4.4%, odds ratio, 0.600;

95% confidence interval, 0.140e2.573; P¼ .5), macrosomia (defined as

birthweight>4000 g) (6.3% vs 9.6%; odds ratio, 0.624; 95% confidence

interval, 0.233e1.673; P ¼ .3), and large-for-gestational-age infants

(14.3% vs 22.8%; odds ratio, 0.564; 95% confidence interval,

0.284e1.121; P¼ .1) were also lower in the exercise group compared to

the control group, but without significant difference. However, infants born

to women following the exercise intervention had a significantly lower

birthweight compared with those born to women allocated to the control

group (3345.27 � 397.07 vs 3457.46 � 446.00 g; P ¼ .049).

CONCLUSION: Cycling exercise initiated early in pregnancy and

performed at least 30 minutes, 3 times per week, is associated with a

significant reduction in the frequency of gestational diabetes mellitus in

overweight/obese pregnant women. And this effect is very relevant to that

exercise at the beginning of pregnancy decreases the gestational weight

gain before the mid-second trimester. Furthermore, there was no evidence

that the exercise prescribed in this study increased the risk of preterm birth

or reduced the mean gestational age at birth.
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Introduction
The global epidemics of overweight and
obesity are leading health burdens
worldwide; moreover, the proportion

of overweight and obese women of
reproductive age is increasing.1,2 Over-
weight and obesity are widely accepted to
affect the entire pregnancy process and
to constitute major risk factors for
perinatal complications, such as gesta-
tional diabetes mellitus (GDM), hyper-
tensive syndrome, fetal growth
disorders, cesarean delivery, post-
operative complications, wound

infections, and deep vein thrombosis.3-7

Among them, GDM is a particular
concern because of its own effects on
other adverse pregnancy outcomes, such
as preeclampsia, macrosomia, or
cesarean delivery.8 Our previous study
showed that overweight and obese
pregnant women have a >2-fold
increased risk of developing GDM
compared with nonobese women.4
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Furthermore, the combination of GDM
and overweight or obesity aggravates the
adverse pregnancy outcomes caused by
either factor alone.9 Importantly, these
poor outcomes also potentially impact
the long-term health of both themothers
and their offspring.10-12 Thus, focusing
on women who are overweight or obese
before pregnancy and seeking ways to
decrease their risk of GDM and other
adverse pregnancy outcomes are of great
importance.

As an important part of lifestyle in-
terventions, exercise has received
increasing attention from investigators
worldwide. In nonpregnant subjects, the
value of regular exercise for reducing the
risk of type 2 diabetes and cardiovascular
disease is well established.13,14 However,
whether exercise is effective in reducing
the risk of GDM and other adverse
pregnancy outcomes is not clear because
the few randomized controlled trials
(RCTs) that investigated these topics
showed conflicting results.15-21 More-
over, most of the current correlative re-
searches were carried out on Caucasian
women and few focus on overweight and
obese pregnant women. In particular,
most exercise training interventions are
implemented in the second trimester.
However, a recent meta-analysis
including 29 RCTs with 11,487 pregnant
women addressed that exercise could
only play a role in preventing GDM in
women with intervention <15 gesta-
tional weeks, whereas, among women
with intervention afterward, it did not
work.22 In addition, a quasiexperimental
study of Chinese pregnant women
pointed out that lifestyle intervention
including exercise, diet, and weight-gain
counseling from 8-12 gestational weeks
could lower the risk of GDM.23

Therefore, the objective of this study
was to determine whether a program of
regular exercise begun in early pregnancy
could reduce the frequency of GDM in
Chinese overweight/obese women.

Materials and Methods
Study design and participants
We conducted a RCTat Peking University
First Hospital from December 2014
through July 2016. A flow chart of the
protocol is shown in the Figure.

Overweight and obesity were determined
based on body mass index (BMI) rec-
ommendations of the Group of China
Obesity Task Force of the Chinese
Ministry of Health24 accounting for
interracial differences: overweight BMI
�24-<28 kg/m2 and obese BMI �28 kg/
m2. Singleton, nonsmoking pregnant
women with a prepregnancy BMI
(p-BMI) of �24 kg/m2 at <12þ6 weeks’
gestation were eligible for the study. The
exclusion criteria were the following: (1)
age <18 years; (2) women unwilling to
provide informed consent; (3) women
with cervical insufficiency (historical
painless cervical dilation leading to
recurrent second-trimester births in the
absence of other causes; dilated cervix on
manual or speculum examination; trans-
vaginal ultrasound cervical length <25
mmat<24weeks of gestation in singleton
gestations with �1 prior spontaneous
preterm births at 14-36 weeks)25; (4)
women on any medication for preexisting
hypertension, diabetes, cardiac disease,
renal disease, systemic lupus erythema-
tosus, thyroid disease, or psychosis; and
(5) women who were currently being
treatedwithmetforminorcorticosteroids.
This study was reviewed and approved

by the Institutional Review Board of
PekingUniversity First Hospital (reference
number: 2014[726]) and registered at
www.clinicaltrials.gov (NCT02304718).
All participants providedwritten informed
consent, and the ethics committee
approved the consent procedure.

Randomization and masking
Eligible womenwere randomly allocated
(ratio 1:1) into either an exercise inter-
vention group or a control group
following an allocation concealment
process using an automatic computer-
generated random number table. The 3
parts of the randomization process, that
is, sequence generation, allocation
concealment, and implementation, were
conducted by 3 different individuals.
Due to the nature of the intervention, all
participants and research staff were
aware of the allocations.

Research procedures
Eligible pregnant women were
approached by research staff at a prenatal

care class specifically for women in early
pregnancy at the Department of
Obstetrics and Gynecology, Peking
University First Hospital, and provided
the project details. Those who were
willing to participate were asked to
complete a questionnaire to assess de-
mographic information, medical and
family history, and current pregnancy
information. Qualified participants
were then asked to sign informed con-
sent and randomly allocated into a
group. Provided permissionwas granted,
and demographic information was
collected from women who declined
participation.

Participants allocated to the control
group continued with their usual daily
activities and were not discouraged from
participating in exercise sessions on their
own. In contrast, the participants ran-
domized to the exercise group engaged
in a supervised cycling program
involving at least 3 sessions per week.
The intervention was initiated within 3
days of randomization and continued to
the end of the third trimester (weeks 36-
37). All women received standard pre-
natal care throughout the intervention
period, and they had equal numbers of
usual visits with their obstetricians dur-
ing pregnancy. All women received
general advice about the positive effects
of physical activity during pregnancy,
and no special dietary recommendation
were given.

The exercise protocol was based on a
previous study26 showing the benefits of
regular stationary cycling exercise for
blood glucose control in women with
GDM. All the exercise sessions occurred
at Peking University First Hospital un-
der supervision. Sessions were con-
ducted on alternate days with the
supervisor maintaining detailed records
regarding the participants’ physiological
indexes and compliance. At the start of
the intervention, each exercise session
consisted of stationary cycling for 30
minutes, beginning with a 5-minute
warm-up at low intensity, which was
55-65% of the age-predicted heart rate
maximum (HRmax) and a rating of
perceived exertion (RPE) according to
Borg27 scale between 9-11. RPE is the
perceived score of difficulty when
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