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Abstract---Background Maternal overweight and obesity are
considered as one of the obstetric risk factors of many health
problems, and physical activity is viewed as one of the strategies in
promoting a healthier pregnancy. Hence, the aim of this systematic
review is to study the effects of physical activity on various pregnancy-
related outcomes in overweight and obese pregnant
women. Methodology Three online databases were searched for
randomized controlled trials published between the years 2010 and
2021. The articles that reported the effect of physical activity on
maternal and/or fetal outcomes were retrieved. The study
characteristics and the data on health outcomes were extracted. Effect
estimates were calculated using relative risk (RR), mean difference
(MD), and standardized mean difference (SMD) with a random-effect
model and 95% confidence interval (CI). Results Eleven studies were
included for the statistical meta-analysis study. Physical activity was
observed to significantly reduced GWG by 0.89 kg (95% CI = -1.63 to -
0.14, P=0.02) and no significant results were found for other maternal
and fetal outcomes measured. Conclusion Physical activity-only
intervention shown to be beneficial in improving gestational weight
gain, and appear to have promising results towards promoting good
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pregnancy-related health outcomes in overweight and obese pregnant
women overall.

Keywords---physical activity; exercise; physical fitness; obese;
overweight; pregnant women; child-bearing women; health outcomes;
health effects.

Introduction

According to World Health Organization (WHO), the prevalence of obesity around
the world continues to grow at an alarming rate. WHO estimates that in 2016,
more than 1.9 billion adults aged 18 and above were overweight, where out of
these 650 million were reported as obese. Around 13% of the world’s adult
population were obese in 2016, where 15% occurs among women and 11% among
men |[1]. Meanwhile, National Health and Morbidity Survey (NHMS) 2019
highlighted that 1 in 2 adults in Malaysia was overweight or obese (30.4% and
19.7% respectively) and found an increasing trend when the data are compared
with findings from NHMS 2011 and NHMS 2015 [2]. The results are concerned as
the numbers are continually rising each year, especially when the occurrence of
overweight and obesity are shown to be highest among women aged 18 and above
which are considered to be a child-bearing age.

The increasing rate of maternal overweight and obesity issues a major challenge
in the aspects of maternal and child health, as it becomes one of the contributing
factors towards the incidence of negative pregnancy-related health outcomes.
Various studies previously discussed the effects of maternal pre-pregnancy BMI
towards different maternal and fetal outcomes [3, 4]. Overall, most of them
concluded that higher pre-pregnancy BMI is associated with a higher risk of
pregnancy-related complications and adverse health outcomes such as
gestational diabetes mellitus, preeclampsia, cesarean delivery, and preterm birth.

Lifestyle interventions such as a regular course of physical activity is identified as
one of the modifiable lifestyle factors that can help to reduce the risk of
overweight and obesity. A structured course of exercise during pregnancy is
shown to offer benefits in preventing maternal and fetal complications, as well as
various possible adverse outcomes [5]. An adequate physical activity is expected
to provide a protective effect among pregnant women especially when the pre-
pregnancy BMI is exceeding the recommended baseline value. Physical Activity
Guidelines for Americans 2nd Edition suggest pregnant women to do at least 150
minutes of moderate-intensity aerobic activity every week throughout their
gestation and the postpartum period [6]. Unless there are any medical reasons or
conditions that require pregnant women to avoid or restrict their involvement in
physical activity, it is safe for them to initiate or continue to do a light to
moderate-intensity aerobic activity with the guidance of a health care provider.

However, still, 1 in 4 Malaysian are reported to be physically inactive and females
take up 28% of the total findings as stated in NHMS 2019. A fair amount of
studies also found a declining engagement in physical activity among pregnant
women throughout the period of gestation [7, 8]. Hence, this study aims to
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identify, summarize and provide the latest insight on the effects of physical
activity on pregnancy-related health outcomes in overweight and obese pregnant
women so that more awareness on these issues can reach child-bearing women
around the world.

2. Materials and Methods

The inclusion criteria include randomized controlled trials (RCT) that involved all
or some overweight or obese pregnant women. The participants should be having
a singleton, uncomplicated pregnancy and have no contraindicated towards
physical activity. The relevant studies were included regardless of the treatment
intensity, frequency, duration, or mode of delivery of the physical activity.
Besides, the physical activity intervention should be the only intervention used
during the studies and should be published in the English language between the
years 2010 to 2021. As for the exclusion criteria, any studies that do not fulfill
the inclusion criteria will not be included for review and analysis. Any studies
that do not measure the outcomes of interest or the results for the outcomes of
interest that were not reported will be ineligible to be included in both review and
analysis.

Two reviewers independently searched the study literature and extracted the data
from eligible studies. Any disagreement or differences in opinion between
reviewers was resolved by discussion and independent assessment by the third
reviewer. Literature searching was conducted using three main online databases;
PubMed, Ovid MEDLINE®, and ScienceDirect®. The search term used includes
(physical activity) OR (workout)) OR (exercise)) OR (physical fitness)) AND
(overweight)) OR (obese)) AND (pregnant women)) OR (anticipating mother)) OR
(child-bearing women)) AND (health outcomes)) OR (health impacts)) OR (health
effects)) OR (health implications).

The study characteristics were extracted which includes information on the
authors, publication year, the sample size for both intervention and control
group, average body mass index of the participants, the intensity of exercise
intervention and the measurement methods used, the weeks where exercise
programs started and ended, frequency and total exercise sessions, as well as the
total duration of the exercise intervention in weeks.

Additionally, the components of the exercise intervention were extracted from the
articles which consist of data on the duration of each session in minutes, and the
types of exercise intervention used by the participants during the study. The data
obtained were tabulated along with the outcomes measured in each study. During
the data extraction process, the pregnancy-related health outcomes measured
were categorized into maternal outcomes and fetal outcomes. Maternal outcomes
measured include gestational diabetes, gestational weight gain, excessive
gestational weight gain, cesarean delivery, gestational hypertension, and
psychological well-being/depression. The fetal outcomes measured include
preterm birth, gestational age, gestational birth weight, 1 and 5 minutes Apgar
score, and neonatal head circumference.
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Quality assessment of the individualized study was evaluated based on the
Cochrane Collaboration’s tool for assessing the risk of bias. The first part of the
tools was the evaluation based on seven criteria which include random sequence
generation (selection bias), allocation concealment (selection bias), blinding of
participants and personnel (performance bias), blinding of outcomes assessment
(detection bias), incomplete outcome data (attrition bias), selective reporting
(reporting bias) and other sources of bias. The second part of the tools is where
each criteria for the study was assigned a judgment of either ‘low risk’ of bias,
‘high risk’ of bias, or ‘unclear risk’ of bias.

Statistical analysis was carried out using Cochrane Software Review Manager 5,
version 5.4.1. Risk ratio (RR) was used to measure dichotomous data while
continuous data were measured using either mean difference (MD) or
standardized mean difference (SMD). Both dichotomous and continuous data
used a random-effect model with a 95% confidence interval (CI), where P < 0.05
was considered as significant findings. Heterogeneity in each pooled analysis was
assessed statistically using the Chi-Square test and Higgins’ I? statistics, where
heterogeneity was interpreted according to the Cochrane Handbook for
Systematic Reviews of Interventions [9]. The I? value of 0% to 40% might
considered to not be important; 30% to 60% may represent moderate
heterogeneity; 50% to 90% may represent substantial heterogeneity and 75% to
100% interpreted as considerable heterogeneity.

3. Results
3.1. Study selection and study characteristics

The study selection process was presented in Figure 1. A total of 5978 references
were retrieved from three main online databases which are PubMed (n=2496),
Ovid Online (n=2966), and ScienceDirect (n=516). Of these, 268 references were
selected for further screening based on the titles, with an additional one reference
from another academic community source, Research Gate, which then adds up to
269 references. Duplicates were removed (n=8) and 261 abstracts were screened.
Of these, full-text articles for 62 references were assessed for eligibility to be
included in the study. The final articles included for the review are 12 studies [10-
21]. Meta-analysis study includes 11 RCTs out of 12, and one study was excluded
due to unfitting data for measurement of outcomes [10].

3.2 Study characteristics

All the studies included for analysis were published between the years 2011 and
2019 in English as shown in Table 1. Most of the randomized controlled trial is
conducted in a developed country; three in Norway [10-12], three in Spain
[13,17,19], and each one study in Ireland [15], New Zealand [18], United States
[20], and the Netherlands [16], while the remaining two studies are conducted in
developing countries; each one study in China [14] and Brazil [21]. In terms of the
author, Garnees et al. was the author of three studies, and each of the studies
was analyzed as an individual study because they measured several different
outcomes and the studies are published in a different time [10-12].
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Figure 1 PRISMA Flow Chart

A total of 12 randomized controlled trials met the inclusion criteria and were
selected for narrative review, and 11 studies were further included for meta-
analysis. For all 12 RCTs included for review and analysis, the total participants
recorded at the baseline were 2912 participants. The participants were allocated
into two groups; the intervention group and the control group following the

enrolment process.
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3.3 Intervention characteristics

Most of the exercise intensity was measured using the Borg Rating of Perceived
Exertion scale between 9 and 15 scale which indicates moderate intensity
physical activity (see Table 1). Four studies [15,18,20,21] either did not mention
the details on the Borg rating scale or did not use the Borg Rating of Perceived
Exertion scale in their program. The exercise program was started on the first
trimester of pregnancy in four papers [13,14, 17,19] selected which is between
week 8 to 11 of gestation, and the remaining eight papers started on the second
trimester which is between week 12 to 24 of gestation. In terms of the frequency
of the exercise session, all of the programs were scheduled for at least two times
per week throughout the intervention and can be up to five or seven times per
week according to the types of exercise intervention and the study requirements.

In the majority of the exercise programs, each session consisted of three main
parts; warm-up, core exercise, and cool-down (see Table 2). Each session lasted
between 25 to 60 minutes; 5 to 12 minutes each for a warm-up and cool-down
while 15 to 50 minutes for the main exercise. However, there are exceptions for
studies conducted by Kong et al. (2014) where the duration of exercise gradually
increases each week and studies by Garnees et al. that described their exercise as
resistance training and endurance training without specifying the exercise as a
warm-up, core exercise or cool-down. The warm-up session explained by the
authors in the articles consists of similar exercise programs which include
walking, static stretching, joint mobility exercise, and low-intensity exercise such
as slow cycling.

Aerobic exercise, resistance training, and muscle-strengthening exercise were
commonly seen as part of the main exercise program. However, some studies were
conducted with a specific exercise intervention such as a study carried out by
Wang et al. (2017) that focused on a supervised cycling program with different
intensities and intervals. It is almost similar to a study by Seneviratne et al.
(2016) that utilizes the magnetic stationary bicycle for the main part of their
program. The intervention for exercise programs done by Kong et al. (2014) also
differs compared to other studies as they were specifically focused on
unsupervised walking programs throughout the pregnancy.

The majority of the intervention programs evaluated from the studies was ended
with 5 to 12 minutes of a cool down session which generally consisted of
relaxation, static stretching, and pelvic floor muscles. However, there are few
deviations from the study done by Wang et al. (2017) who ended their program
with easy cycling, and few other studies which did not describe in detail the cool-
down part in their programs. Most of the papers reported more than 50 percent
compliance rates for the study group towards the exercise intervention. However,
Seneviratne et al. (2016) and Oostdam et al. (2012) observed that there was a
steady decline in terms of compliance towards the intervention as the pregnancy
progressed.
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3.4 Risk of bias

The results for risk of bias were presented in Figure 2 and Figure 3. All studies
provide reports on the randomization process, with nine out of 12 studies used a
computer-based random generator to randomly assign the participants into the
intervention group or the control groups. The other three [16,18,19] studies either
a random number table, randomization sequence generated by biostatistician or
stratified by hospitals with block randomization to prevent the selection bias in

the respective trials. Six studies do not describe in detail the allocation
concealment, and two [15,21] studies reported that the sequence was randomly
distributed in opaque envelopes, which were sealed and sequentially numbered.
The remaining four [10-12,18] studies mentioned that the allocation results were
received by the study investigators that do not have access to a full randomization
list in order to maintain the allocation concealment.

Table 1 Selected Programs and Their Characteristics

Author [Year) Location Participants Average BMI Intensity and Start/End of Fraquency exerdss Druration
mezasurement method | exerdseprogram | session per week/Total (weak)
Exercze | Confrol Exerciss Conirel . . ) .
{gestational week] exerdse sassion
ETOup BroUp group group
Garnzes et al. Trondheim, =16 =45 33538 | 3zlz4s | 12-15ontheBorg 12-18/34-37 3/37-66 1522
(2013) MNorway Eating of Perceived
Exertion scale
Wangatal Beifing, n=150 =150 [ 2675£274 | 2682276  5-11 an the Barg <12/36-37 37275 2425
{2017) China Fating of Perceived
Exertion scale,
55-65% of HRmax
Daly et al. Drbiin, =4 =4 327+46 | 347251 | Borg Ratingof <17/36-37 3/37-60 1520
{2017) Irsland Perceived Exarfion
Garnzes et al. Trondheim, =46 =45 335£38 | 35lz46 | 12-15onthe Borg 12-18/34-37 3/57-66 15-22
(2017) MNorway Eating of Perceived
Exertion scale
Garnaes et al. Trondheim, =16 =45 339138 351x46 | 1215 onthe Borg 12-1834-37 3/57-66 1537
Eating of Perceived
(2018) MNorway
’ Exertion scale
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Barakatetal Wadrid, Spain n=420 n=420 236+38 2324472 12-14 cn the Borg S-11/38-39 3/84-87 2829
{2016) Fating of Percaived
o o o o Exertion scale, HF.
n=52 n=75 n=5% n=75 monitor (Accure
obese: obese: [Z3.3%5) [19.67%5) Flus; Kempsl
n=2% n=22 obesas obasst Finland)
=5 =z
[6.5%) [7.6%)
Senevirame et al. Anckland, =38 =37 32144 34159 | HE monitor (Polar 20735 3 or 5/67 15
{2016} INew Zealand 5625, Polar RSE00;
Polar Elactro O,
Kempsls, Finland)
Farales et al Wiadrid, =65 =61 37EBE+311 | 2800+ 242 | 10-12 on the Borg E-11/38-39 3BS 28-30
{2015) i Fating of Percaived
Exartion scale , FIR
monitor  (Sccuren
Flus, Polar Electro
O, Finland)
Kong et al. (2014 Towa, =15 =23 | o ofwe Stepi¥atch Activity 12-15/35 57/100 20
Umnited States 265112 Tazld Maonitor (SAM), an
obese- 347 | obesa: ankle-wom
26 32236 accelerometer-based
measuremeant tool,
cadence (steps per
Trinute
Fuizetal Madrid, n=2f1 =281 23739 | B5:x4l | 10-12onthe Borg 9/36-39 38790 2520
(2013) Spain afwar QW oL ofwn=lll | ofwin=82 | Rating of Perceived
abess fal s (23.1%) (151%) Exerfion scale, HE
nel4s | nel | obessobess | momitor (eure
=35 =37 Flus, Polar Electro
[73%) 7% oY)
Oostdam et al. Amsterdam, =62 =53 330237 | 33556 | 1lontheBorgRating | 15-20/12 weeks 272 36
(2012 Meatherlands af Perceived Exertion after delivery
stale, Accelerometer (% menths
(ActiTrng, interventior)
accelerometer;
AdG™
PensacolatLI
MNascmentoetal 530 Faula, =i =42 3abBz6p | 364z6f | HEnetewceed 140 1424736 5fel-110 xx
(2011) Brazil bpm
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Table 2 Exercize Session’s Components and the Outcomes of the Program

Author (Year) Exarcise Session Parameters Outcomes in the exercise group
(g5 compared to control group)
Duration Infensity Tvpes of Exercise Used
[mimztes)
Garnaess et al. &0 12-15 on the Borg Fating of | Endurance iraining, resistance training, | Maternal outcomes: |
(2019) Percaived Exartion scale pelvic floor ewerciss, homs exerciss | Fevchological General Well-being (six subscale; ardety,
Program depressed mood, positive well-being, self-conirol, general
health, vitality)
Wang et al. (2017) 4560 5-11 on the Borg Rating of | Warm up: low intensity exercise Maternal outcomes:
Perceived Exertion scala Gestational diabetes, gestafional weight gain, excessive
(5 mimutes warm | 55-85% of HEmax Core exercises Interval statiomary ovding | gestational weight gain, cesarcan delivery, matemal
up, 50 mirtes (different intensifies of the infervals, | hyvpertension
core exarcise, 5 duration of the cyding
minuies cocl progressively inreassd Eetal outcomes:
down) according o individual ability Preterm birth, gestafional age, birth weight, 1 minute and 5
minuies Apgar scors
Cool down: easy ovcling
Daly et al. 50-60 Borg Rating of Perceived | Warm up: core and pelvic floor exercze | Maternal outeomes:
{3017} Exertion scale Gestational disbetes, gestafional weighi gain excessive
(10 mimutes warm Core  exeydse: resistamce or weight | gestational weight gain, cesarean delivery
up, 30-40 minutes enercise, asrobic enerciss
core exercise, 10 Fetal qutcomes:
minutes cool Praterm birth, gestafional ags, birth weight, 1 mdnuie and 5
down minuies Apgar score
Garnees et al. & 12-15 om the Borg Eating of | Endurance training, resistance training, | MMaternal owtcomes
{2017} Perceived Exerfion scale pelvic floor exerciss, home exerdss | Cesarsan delivery
Frogram
Fetal outcomnes:
Preterm birth, gestafional age, birth weight, 1 minute and 5
minutes Apgar score, necnatal head droumference
Garnees et al. &0 12-15 om the Borg REating of | Endurance traiming, resistance training, | MMaternal owtcomes:
(2016) Ferceived Exsrtion scale palvic floor ewerciss, home sexerciss | Gestational diabetes, gestationsl weight gain, ewcessive
Pprogram gestational weight gain, maternal hypertension
Fetal outcomne:
Preterm birth
Barakat =tal 50-55 12-14¢ om the Borg Eating of | Warm  wp: walking and lght statc | MMaternal owtcomes:
(2016 Ferceived Exerfion scala stretching Gestational diabetes, excessive gestabional weight gain,
{10-12 minutes HF. menitor {Scourex Plus; maternal hypertension

warm up, 25-30
minutes core
exardss, 10-12
minutes cocl
domem)

Kemps), Finland)

Core exercse: moderate resistance

exercise

Cool dowrn: relaxation and pelvic flocr

exerciss

Fetal outcome:
Pretermmn birth
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Seneviraine et al. 2545 HER maonitor {Polar | Core exercise: moderate intensity exercise | Maternal cutcomes:
{2016} 2615/ Falar RE500; {magmetic statiomary bicrcle) Gestational diabetes, gestatiomal weight gain, cesaresn
{5 minuaftes warm | Polar Eleckro OY, Eempsle delivery, maternal hypertension
up. 15 to 30 | Finland)
mdnutes core Fatal cutcomes:
mmrsise 5 ommirnates Praterm birth, g:—s:ﬁ.cd"_al age. birth w:igh:, 1 mirmte and 5
cool dowmnl) minutes Apgar score, neocnatal head circumference
Perales =t al 5560 10-1Z2 om B 'Ec'rg Zad:ir.g of | Warm up: vc:-].'l:ing, static axercise jai'nt Iiaternal cutcomes: |
{2015) Perceived Exertion scale mobility exercise Gestational weight gain, excessive gestational weight gain,
{3 minutes warm | 55-50% HE ressrve cesarean delivery, depression
up, 20 miriabes Core syercise- Serobic actvitiss
core exercise. 5-10
minutes coal Cool down: pelvic floor smscle training Fetal cutcomes:
dowmn) Testational aEE, bdrl‘hm'cig}rt, 1 minute and 5 mdnates .%.Pga.t
soore, necnatal head cironmferencs
Kong =t al. First I wwesks: SEpliaish Activity Mondtor | Unsupervised walking program hdaternal cutcomes:
{2014 S0miny week (SAM), an anide-wom Gestational diabetes, gestational weight gain, exmcessive
accelerometar-based gestational weight gain cesarean delivery, maternal
WWeal 3= measureameant tool, ]'r_lrF\-_rbuum
100minfweelk cadence (steps per minate
Fatal cutcomes:
Week 3c Freterm birth, gestational age. birth weight. 1 minute and 5
BDnljr,-'day for minutes Apga.r LooTe
total of 150
min/wesk

Fuiz=tal 50-35 10-12 on the Borg Rating of | Warm up: walking, static stretching Matermnal cutcomes:

{2015 Percedved Exertion scals Gastatiomal diabetss, gl:iﬂﬁma.'l 'wv:igl'rl: g:.in, Exomssive
{10 mirnates warm | HE <608 predicted HE max Core exercise: moderate-intensity exercise gestational weight gain, c=sarean delivery, maternal
up, 25-30 mirnatas (low i:mPa.:l astobic danca) resistancs }r_l.-FerberuLom
core  axercizs, 10 =carsise
minutes coal Fetal cutcomes:
down) Cool down- w'.'nl.'ls:ir.g, stahic st::'td':ir.g, Praterm birth, gH:ﬁ.eraJ age birth w::igh:. 1 mirate and 5

relacation, P:h":l: floor mxarcise minukes Apga.r sooTe

Costdam et al. &0 12 on the Borg Fating of | Warm up: light intensity activity such as | Matemal cutcomes:

{2012y {3-10 minut=s FPerceived Exertion scale slowr cycling Gastational diabetes, gestational wedight gain, cesarean

ORI up, 40
minutes core
mcarcise 5-10
minutes cool

dowmn)

Acceleromaetar  (AcH i
accelerometar: mﬂe

Core exercise: individualized program; 1
or 2 asrobic exercse and 4 to § strength

=xarcise

delivery

Fetal cutcomes:

Gastational age, birth waight

MNascimento et al.

{2011}

{10 mirmates warm

up., 12 minates
core  axercica, 10
minutes coal
down)

HE not excesd 140 bpm

Warm up: general stretching

Cors axercise: axercize to sixengthen the

lower and upper limb musclas

Cool dowr: supervised relacation

Matermnal cutcomes:
Gastatiomal v:!ight g:u.n, ANCELLTTE ge;ta:'ncn:l v:!igh: g:u'.n,

oe:ue;mde];'v:r?, mal'mmlh:v]:le:‘tﬂu:im

Fatal cutcomes:
Ge:ta.:inm:l:-g:. birth 1-\'Ei.g]'r|;, 1 mirvate anmd 5 minates A]:!gu

sooreE
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In four [14,16,18,20] studies, due to the nature of the intervention programs, the
participants were un-blinded to group allocation after completion of the baseline
assessment, while the other studies do not provide a description on the blinding
of participants. An intention-to-treat (ITT) analysis was performed in nine out of
12 studies, and reasons of participants lost to follow-up was stated accordingly by
authors in all studies.

Random sequence generation {selection bias)
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Figure 2 Risk of bias summary: review authors' judgements about each risk of bias item for
each included study

Random sequence generation (selection bias)
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Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 5% 50% 75%  100%

.Low tiskaf hiag DUncIearrisk of hias .High risk of hiag

Figure 3 Risk of bias graph: review authors' judgements about each risk of bias item presented as
percentages across all included studies

All pooled analyses for both maternal and fetal outcomes were based on random
effect models and 95% CI. In two [19,20] studies, the author separates the
subgroups based on pre-pregnancy BMI; where the data was presented separately
for overweight and obese categories. Hence, the data for both subgroups were
combined manually during the data extraction. For the outcome of gestational
age, two out of nine studies measured the outcomes in days while the other seven
studies measured gestational age in weeks. In this case, standardized mean
difference (SMD) was used to combine the results. Additionally, the value of
standard deviation (SD) was not given in one study for GWG outcome, hence the
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value was calculated using the Review Manager calculator based on the 95% CI
range given.

3.5 Maternal outcomes

Data on gestational weight gain was reported in eight studies involving 953
participants. The pooled effect estimates do not cross the line of null effect which
indicates that there were significant differences in gestational weight gain among
the exercising group with a mean difference of -0.89 kg (95% CI = -1.63 to -0.14,
P=0.02; Figure 4). The heterogeneity of the studies was found to be non-
significant (X2=10.83;/? = 35%; P=0.15). Meanwhile, for the pooled analysis on
excessive gestational weight gain, there were no significant differences in terms of
the effects of exercise in both intervention and control groups (RR=0.89; 95% CI
0.71 to 1.11; P=0.29; Figure 5). The evidence on heterogeneity was shown to be
moderate (X?=7.76, I? = 48%; P=0.10).

Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean SD Total Weight IV,Random, 95%Cl Year IV, Random, 95% Cl
Mascimento et al (2011} 10.3 L] 11.8 T4 4 62%  -1.20[-3.86 1.56] 2011 I E—
Costdam etal (2012) T 43 43 28 226 A2 1TI%  -DA0[1.451.28) 2012 —
Ruiz etal (2013 1.1 43 148 116 42 129 230%  -0A0[1.51,041] 2013 —
Kong etal (2014) 113 72388 18 112768 73935 18 3% 002469 474 2014
Seneviratne etal (2014 12 a3 W 13.2 a% 3 TA% 120373133 015 R
Gamaes et al (2016) 108 BT 38 92 BATY 36 AT®  130[1.58 418 206 —
Wang etal (2017 B38 365 112 1047 333 114 249%  -208[3.00,-1.18] 2017 —a
Dalyetal (2017} 38 18 43 49 38 43 137% 1102730483 2017 A
Total {95% Cl) 482 471 100.0% -0.89 [-1.63,-0.14] L 2
Heterogeneity: Tau®= 0.36; Chit=10.83, df= 7 (P = 0.1} F= 35% 54 52 ’,=2 ji
Test for overall effect 2= 2.34 (P = 0.03) Favours [exercise] Favours [control]

Figure 4 Forest plot of physical activity versus control group on gestational weight gain
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Figure 5 Forest plot of physical activity versus control group on excessive gestational
weight gain

Gestational diabetes mellitus (GDM) was observed in 8 RCTs that involved 1134
participants. The total events of GDM in the intervention group were particularly
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lower compared to the control group, n=79 and n=116 respectively. However, from
the pooled analysis, physical activity was observed to have no significant effect in
reducing the incidence of GDM among participants as it crosses the line of null
effect with RR of 0.73 (95% CI 0.52 to 1.04; P=0.08; Figure 6). The evidence of
heterogeneity between studies was low (X2=10.23; 12=32%; P=0.18), which shows
that the effect estimate is considered as homogenous.
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Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
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Figure 6 Forest plot of physical activity versus control group on gestational diabetes

Nine studies involving 1060 participants were analyzed for incidence of cesarean
delivery and five studies of 871 participants were analyzed for maternal
hypertension. The meta-analysis found no significant differences in the incidence
of cesarean delivery between both groups with RR of 0.95 (95% CI 0.77 to 1.16;
P=0.62; Figure 7). Even so, the incidence of cesarean delivery was slightly lower in
the intervention group than standard care, n=153 and n=161 respectively.
Similarly, the intervention group was shown to reduce the risk of maternal
hypertension by 29%, but there is no significant difference observed (RR=0.71;
95% CI 0.45 to 1.12; P=0.14; Figure 8).
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Figure 7 Forest plot of physical activity wersus control group on cesarean delivery
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Figure 8 Forest plot of physical activity versus control group on gestational hypertension

3.3 Fetal outcomes

Data on preterm birth was analyzed from 8 studies with total participants of
1086. There was no significant difference in regards to the preterm birth
incidence among participants in the intervention group or control group even
though the risk was reduced by 16% with physical exercise (RR=0.84; 95% CI
0.49 to 1.46; P=0.54; Figure 9). No evidence of heterogeneity was observed which
indicates that the effect estimates were homogenous (X?=4.19;I? = 0%; P=0.76).
Meanwhile, data on gestational age were available in 9 RCTs that involved 1064
participants. Similarly, no significant difference between the gestational age of
newborns born to the intervention group and the control group was observed
(SMD=0.02; 95% CI -0.15 to 0.19; P=0.83; Figure 10).
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Figure 9 Forest plot of physical activity versus control group on preterm birth
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Figure 10 Forest plot of physical activity versus control group on gestational age

Data on neonatal birth weight was assessed in 8 studies with a total of 1026
participants. The random-effect model shows that there were no significant
differences in terms of birth weight in newborns of the exercise group and the
control group (SMD= -0.07; 95% CI = -0.19 to 0.06; P=0.29; Figure 11). In terms
of analysis of 1 minute Apgar score which was reported from 6 studies, there is a
lower 1-minute Apgar score in the control group compares to the exercise group
and the difference is statistically significant (MD=0.20; 95% CI=0.05 to 0.34;
P=0.01; Figure 12). The forest plot assumes with lower scores representing a
better outcome, hence it favor towards control. No significant results observed
from 5 minutes Apgar score (MD=0.12; 95% CI= -0.04 to 0.29; P=0.14; Figure 13)
and neonatal head circumference (MD=0.21; 95% CI= -0.18 to 0.60; P=0.29;
Figure 14).
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Figure 11 Forest plot of physical activity versus control group on birth weight
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Figure 12 Forest plot of physical activity versus contrel group on 1 minute Apgar score
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Figure 13 Forest plot of physical activity versus control group on 5 minutes Apgar score
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Figure 14 Forest plot of physical activity versus control group on neonatal head circumference
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Discussion

Physical activity is one of the important elements in pregnancy. Suzanne Phelan
in her study conceptualized pregnancy as a strong ‘teachable moment’ since the
physical and emotional changes experienced by pregnant mothers will enhance
the perceived value of a healthy lifestyle and exercise [22]. It makes pregnancy a
great opportunity to initiate changes especially for pregnant women with pre-
pregnancy BMI of overweight and obese, as they tend to be more motivated to
improve their lifestyle in order to maintain good maternal and fetal health.

The results from the present study showed that a regular course of physical
activity could significantly reduce the gestational weight gain (GWG) by 0.89 kg
among overweight and obese pregnant women in the intervention group compared
to the control group. The findings were supported by a meta-analysis study by Du
et al [23] that observed a significantly lower average GWG in the exercising group
which is by 1.14 kg. Domenjoz et al [24]| and da Silva et al. [25] reported similar
results, where the authors found that exercise could reduce GWG in pregnant
women by 1.11 kg and 1.13 kg, respectively. Moreover, the present meta-analysis
found that a regular course of physical activity also provides benefits in
preventing excessive GWG by 11% reduction, even though there is no significant
difference observed between both intervention and control group (P=0.29).

Gestational weight gain is a natural response to accommodate the growing fetus.
However, too high or too low GWG contributes to short and long-term health
complications, especially when a woman enters pregnancy with a BMI of 25 or
above. Excess weight gain happens when there is too much energy consumed and
a little of them burnt, which leads to storage of the unused energy as body fat.
Increasing energy expenditure through regular physical activity can help to
reduce excess adipose tissue by breaking down the stored triacylglycerol
(lipolysis) exceeding that of storage and hence, promoting an adequate weight gain
especially in overweight and obese individuals [26].

The findings from the present study of 11 RCTs reported that exercise
intervention could reduce the risk of GDM incidence by 27% (P=0.08) when
compared to the control group in the overweight and obese pregnant women
population. Even though the results for the statistical analysis were not
significant, the GDM cases reported in the intervention group (n=79) are much
lower compared to the control group (n=116). Du et al [23] observed that those
who involve in physical activity have a 29% reduction in the risk of developing
GDM compared to non-exercising participants, which further supports the
findings from the current meta-analysis study (P = 0.004). Another study of 11
trials involving all weight categories of pregnant women also found positive effects
of exercise on the incidence of GDM. Physical activity was shown to reduce the
risk of GDM when compared with a control group, with a RR of 0.69 (31% risk
reduction) [27]. Exercise seems to promote greater glucose uptake by the skeletal
muscle cells and reduce high blood glucose levels in gestational diabetes mellitus.

The incidence of GDM, GWG, and maternal obesity is closely associated with the
risk of cesarean delivery. Results from the present study found a 5% reduction in
risk of cesarean delivery among exercising participants but with no significant



4943

differences between both groups (P=0.62). Even so, the total incidence of cesarean
delivery among 9 RCTs included for analysis was lower in the intervention group
compared to the standard care, n=153 and n=161 respectively. Domenjoz et al.
[24] in their study on the effect of physical activity during pregnancy on mode of
delivery reported that there was a 14.2% and 17.8% incidence of cesarean
delivery in the intervention group and study group, respectively with a mean
difference of — 0.03. The exact mechanism on how physical activity affects the
incidence of cesarean delivery was unclear, however, it may be due to the
protective effect that it provides towards the contributing risk factors of cesarean
delivery such as obesity and maternal diabetes.

Current meta-analysis on gestational hypertension reported that exercise could
reduce the risk of gestational hypertension by 29% among the participants in the
exercise intervention group, and the total incidence from 5 RCTs was shown to be
lower in the exercising group than in the control group. It was supported by
Magro-Malosso et al [28] that found aerobic exercise could significantly reduce the
risk of hypertensive disorder overall and in gestational hypertension specifically
(RR 0.54). Isabel Witvrouwen [29] mentioned that adaptations of maternal
cardiovascular systems occur during pregnancy in order to allow sufficient
placental perfusion. Women who develop hypertensive disorders during
pregnancy such as gestational hypertension appear to fail the stress test of
pregnancy, likely due to insufficient cardiovascular adaptation. Regular
engagement in physical exercise throughout the gestation period is seen to boost
these adaptations and has been demonstrated for angiogenesis and improve
endothelial function in pregnant women

Besides maternal outcomes, the concern related to pregnant women will be the
risk of negative fetal outcomes such as preterm birth. The results from this meta-
analysis that reported exercise intervention could reduce the risk of premature
delivery by 16% (P=0.54). Even so, the incidence of preterm birth was shown to be
slightly lower among the participants in the intervention group compared to the
control group, n=24 and n=26 respectively. When compared to other previous
meta-analysis studies, Aune et al [30] observed a significant reduction in risk of
premature delivery which is by 14% among participants with a higher leisure-time
physical activity compared to lower leisure-time physical activity. The author also
found that for every 3 hours and 5 hours increase in leisure-time physical
activity, there was a 10% and 16% reduction in risk of preterm birth among the
exercising pregnant women respectively. The findings further support the
evidence that a regular engagement in physical activity during pregnancy could
improve the birth outcomes in the aspects of full-term delivery of the baby.
However, another two studies that measured the effects of physical activity on the
incidence of premature birth observed that physical activity did not have notable
effects on birth outcomes among pregnant women in both the intervention group
and standard care [23,31].

The present study does not found any significant results for gestational age and
birth weight between both groups (P=0.83 and P=0.29, respectively). The results
were consistent with other meta-analyses on gestational age at delivery conducted
by Gema Sanabria-Martinez et al [32] and Veisy et al [33]. Both authors found no
significant differences in terms of gestational age at delivery for the exercise
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intervention group and control group with P=0.284 and P=0.72 respectively.
However, both studies also mentioned that physical activity during pregnancy did
not adversely affect the gestation period and cause premature delivery. The
results of the current study on birth weight are also consistent with studies by da
Silva et al [25], Veisy et al [33], and Du et al [23], where there was no significant
evidence observed in both groups that show the effect of physical exercise on
neonatal birth weight. Evidence on the roles of exercise in maintaining an
optimum gestational age and birth weight at delivery is limited and inconclusive
in most studies, hence makes it difficult to draw a clear conclusion on the matter.

Besides, findings from the current meta-analysis found that there is a lower 1-
minute Apgar score in the control group compares to the exercise group and the
difference is statistically significant (P=0.01). The analysis assumes that lower
scores representing a better outcome, thus it is in favor of control. Even though
the results were opposite to what was expected, it may be due to other
contributing factors that can affect the precision of the results such as adherence
to the exercise intervention. Meta-analysis on Apgar score at 5 minutes shows no
significant differences in both intervention and control group which aligned with
the study by Veisy et al [33] that does not record any remarkable effect of physical
activity on the neonatal Apgar score at 1 minute and 5 minutes. However, the
available evidence that discussed the association between physical activity and
Apgar score may not be sufficient to provide a clear conclusion on the matter and
a more thorough study on regards to Apgar score should be conducted for further
evidence.

As for now, studies on neonatal head circumference and exercise were not widely
discussed compared to other health outcomes either in all-weight pregnant
women or specifically in overweight and obese pregnant women. The present
meta-analysis of three RCTs found that there was no notable effect of physical
activity intervention towards the neonatal head circumference, which was
supported by another meta-analysis of 5 studies with 1,855 participants by Veisy
et al [33] that found no significant differences between both interventions and
control group (p = .86). Due to the limited evidence, there are no clear conclusions
that can be made to relate the effects of physical activity towards neonatal head
circumference in overweight and obese pregnant women. More future studies with
higher quality evidence are needed to further discuss and provide more insight on
the role of exercise in the outcomes of neonatal head circumference.

Overall, the relationship between exercise and maternal and fetal outcomes was
shown to be inconclusive, which could be due to the small sample population of
the trials involved in this study. The results were varied across different studies
as the health outcomes observed may be influenced by the differences in terms of
the types of exercise intervention used during the study, duration of each exercise
session, the exercise intensity, the number of sessions per week as well as the
history of exercise before pregnancy. Even though there were findings that
observed an indistinct correlation between exercise and pregnancy-related health
outcomes, the role of regular exercise may indirectly contribute to maintaining the
overall health condition of the women especially in improving maternal overweight
and obesity that is one of the risks factors of many health comorbidities.
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Strength and limitations of study

To the best of our knowledge, this study provides the latest evidence in discussing
the effects of physical activity on pregnancy-related health outcomes such as
maternal and fetal outcomes among overweight and obese pregnant women. The
strength of the present study is that all the articles included are randomized
controlled trials, which could provide robust and reliable evidence on the
effectiveness of exercise interventions towards the measured outcomes. Besides,
the included trials for the present study were focusing on physical activity
intervention only among study participants, without other co-intervention such as
dietary intervention that may affect the results of the study. It gives us a better
overview on analyzing the roles of physical activity during pregnancy especially for
pregnant women with a higher pre-pregnancy BMI that may receive more benefits
from the findings.

However, there are a few limitations that can be observed from our review and
meta-analysis study. Firstly, more than half of the trials included have a relatively
small sample population which is likely to affect the precision of effect estimates
in each outcome measured. Secondly, even though our study analyzed the
pregnancy-related health outcomes in overweight and obese pregnant women, two
studies by Ruiz et al [13] and Barakat et al [19] also consisted of participants of
other weight categories of pregnant women (underweight and/or normal weight).
We excluded all non-overweight and non-obese participants during our analysis,
however, there may be a possibility of inconsistent estimation of effects of exercise
intervention towards the outcomes.

Thirdly, since we only include articles that were published in the English
language, it may limit our access to other related articles published in other
languages and introduced a selection bias. Fourthly, many randomized controlled
trials that used a combination of exercise intervention and dietary intervention
were excluded, which may narrow the present study but restrict the ability for us
to draw conclusions on the outcomes. Besides, some outcomes such as maternal
hypertension, Apgar score, and neonatal head circumference were only reported
in certain studies, which may likely cause the pooled analysis to be less reliable to
be used to deduce any clear conclusions

Conclusions

In summary, the systematic review and meta-analysis study found that physical
activity-only intervention was shown to significantly reduce the gestational weight
gain in overweight and obese pregnant women. Besides that, the other maternal
and fetal outcomes also show promising results as the trend was evident towards
the benefits of physical activity in improving maternal and fetal health, even
though it was not statistically notable from the present analysis.

Engagement in regular exercise and being physically active throughout the
gestation period is associated with a greater overall health state in overweight and
obese pregnant women. Higher pre-pregnancy BMI is often seen as a risk factor
for various health problems which in turn can also be improved with a regular
course of physical activity. The indirect role of physical activity in improving
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obstetric risk factors of overweight and obesity could be the mechanism behind
the improvement of maternal and fetal outcomes in pregnancy. Even so, future
evidence with a larger sample size and higher quality is needed to further
strengthen the present findings and helps to provide clear conclusions regarding
the roles of physical activity in pregnancy.
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