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The Effects of Physical Activity and Physical Activity plus Diet
Interventions on Body Weight in Overweight or Obese Women
who are Pregnant or in Postpartum: A Systematic Review and
Meta Analysis of Randomized Controlled Trials

JiWon Choi, PhD, RN, Yoshimi Fukuoka, PhD, RN, and Ji Hyeon Lee, BS
University of California at San Francisco Institute of Health & Aging

Abstract

Objective—To review the effectiveness of physical activity (PA) and PA plus diet interventions
in managing weight among overweight or obese (OW/OB) pregnant or postpartum women.

Methods—Four databases were searched for randomized controlled studies published between
January 2000 and December 2011 that reported weight change outcomes of PA interventions in
OW/OB pregnant or postpartum women. PA alone as well as PA plus diet interventions were
included.

Results—Of 681 abstracts identified, 11 were included (7 trials with pregnant women and 4
trials with postpartum women). Overall, we found that PA interventions were effective for OW/
OB pregnant as well as postpartum women. On average, pregnant women in the intervention
groups gained 0.91 kg less (95% CI: -1.76, —0.06) compared to those in the usual care groups.
Postpartum women in the intervention groups significantly lost more body weight (-1.22 kg; 95%
Cl: -1.89, —0.56) than those in the control groups. In the subgroup analyses by PA intervention
types, supervised PA plus diet interventions were the most effective.

Conclusions—PA plus diet interventions may require more than advice; supervised PA
programs or personalized prescription/goals are needed to prevent excessive weight gain for OW/
OB pregnant women and excessive weight retention for OW/OB postpartum women.

Introduction

In the United States, over one-third of women are overweight or obese (OW/OB) at the start
of pregnancy and the prevalence of pre-pregnancy overweight or obesity is increasing (Kim
et al., 2007). OW/OB women are about two times more likely to gain gestational weight
exceeding the Institute of Medicine (IOM)'s recommendations than normal weight women
(Cedergren, 2006). Women who gain excessive weight during pregnancy are more likely to
retain those extra weight during postpartum (Gunderson and Abrams, 1999; Kac et al., 2003;
Nehring et al., 2011; Rossner and Ohlin, 1995). Excessive weight gain during pregnancy is a
risk factor for adverse maternal as well as infant health outcomes (Baeten et al., 2001;
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Cedergren, 2006; Kiel et al., 2007). Furthermore, excessive weight gain during pregnancy
and excessive weight retention during postpartum are associated with increased risk of long-
term obesity, cardiovascular disease, and type 2 diabetes during midlife (Rooney et al.,
2005; Gavard and Artal, 2008). Regular physical activity is recommended to maintain a
healthy weight during pregnancy and postpartum (American College of Obstetricians and
Gynecologists, 2002; American College of Sports Medicine, 2006; Gavard and Artal, 2008).
However, the great majority of women who are pregnant or in postpartum are physically
inactive, and even women who were physically active prior to their pregnancy tend to
reduce their activity as their pregnancy progresses (Evenson et al., 2004).

There were a few systematic reviews with/without meta-analysis pertaining to gestational
weight gain and postpartum weight loss that reported associations with physical activity.
Kuhlmann et al. (2008) suggested some potential of weightmanagement intervention effects
among pregnant or postpartum women reported in 3 randomized clinical trials (RCTS)
published between 1985 and 2007. The overall findings of a meta-analysis of physical
activity and weight management in pregnant women suggest that physical activity may
restrict gestational weight gain (Streuling et al., 2011). In a meta-analysis of physical
activity or diet, or both for weight reduction in postpartum women, Amorim et al. (2007)
found that diet alone and both physical activity and diet together may be effective in losing
weight during the postpartum period, but not physical activity alone. It has to be noted,
however, that these meta-analyses included pregnant women and postpartum women
regardless of their body mass index (BMI) status. Sui et al. (2012) recently reported that
physical activity might be effective in limiting gestational weight gain in OW/OB pregnant
women in a systematic review, but this review was limited to only supervised antenatal
physical activity interventions excluding physical activity plus diet interventions, which is
known to be most effective in managing weight in OW/OB adult population (Schaar et al.,
2010). Thus, the purpose of this study was to systematically review and investigate the
effectiveness of physical activity alone interventions as well as physical activity plus diet
interventions in managing weight change among OW/OB women during pregnancy as well
as postpartum.

Search strategy

In collaboration with a professional librarian, we developed individualized search strategies
for 4 databases: PubMed, EMBASE, CINAHL, and Cochrane Library (Appendix 1). We
used search terms such as physical activity, exercise, lifestyle, obesity, overweight, weight
gain, body weight, body mass index, pregnancy, pregnant women, prenatal care, and
postpartum period as MeSH headings, subject headings or titles. Articles about interventions
conducted in any country that were published in either English or Korean between January
2000 and December 2011, used an randomized controlled clinical trial (RCT) study design,
and reported a weight-related outcome measure were included. In 1985, the American
College of Obstetricians and Gynecologists (ACOG) provided recommendations for
exercise during pregnancy that were conservative, based on limited evidence available at
that time. Most recently updated ACOG Guidelines (2002) suggest that all women having a
normal pregnancy can benefit from a physical activity program. Thus, we examined the
cumulative results of the studies that were published in the past 20 years that may reflect the
updated guidelines. We also reviewed the bibliographies of relevant articles identified by the
search strategies. The systematic literature search was performed between October and
December 2011.

Prev Med. Author manuscript; available in PMC 2014 June 01.
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Study inclusion and exclusion criteria

Studies were considered relevant for the systematic review if they met the following
inclusion criteria:

1. Randomized controlled trial

2. Subjects are either overweight (BMI > 25 kg/m?2) or obese (BMI > 30 kg/m?)
3. Subjects are either pregnant or after childbirth (during the postpartum period)
4. Interventions target increasing physical activity

5. Weight change reported

The interventions conducted among mothers with young children were not included when
postpartum status was not clearly stated. To include all available studies, we contacted the
authors via e-mail if we had 1) no access to a specific article, 2) abstracts only, and 3)
insufficient data to calculate weight change for meta-analysis. A trial was excluded where
information was available in abstract form only (Bertz et al., 2010). We excluded training
program with exercise for preventing or treating urinary incontinence. If there was any
disagreement in inclusion/exclusion of studies, two independent reviewers (JC and JL)
reviewed the full-text papers of these studies and reached to consensus.

Data extraction

Two independent reviewers (JC and JL) extracted data from each of the studies. Data
included sociodemographic characteristics, country of origin, sample size, intervention/
control description, intervention outcomes, and intervention effects. Analyses of the
retrieved papers were carried out between December 2011 and May 2012.

Assessing the strength of evidence

Two reviewers (JC and JL) independently reviewed the strength of evidence provided by
studies using the following criteria outlined in the CONSORT (Consolidated Standards of
Reporting Trials) statement (Moher et al., 2001) and the Cochrane Collaboration's tool for
assessing risk of bias (Higgins et al., 2011). The quality of study was determined based on
five elements: sample size, concealment of allocation, blinding, intention-to-treat analysis,
and completeness of data. The criteria were not used to exclude any study that did not meet,
rather assessing the quality of studies. The differences between the reviewers were resolved
by discussion and consensus was reached.

Data analysis

We calculated mean difference scores in weight change (kg) and corresponding 95% Cls
during either pregnancy or postpartum between the intervention and control groups. We
performed meta-analyses to assess summary estimates of the effects— separately in studies
conducted with pregnant women and in studies with postpartum women. In this study, we
used the random effects model. In that model, studies were weighted using a formula that
includes both a measure of the study sample size (1/variance) and a measure of the between-
study variance. Studies with larger sample size (a larger 1/variance term) received more
weight. Heterogeneity among studies was tested with Higgins' /, which “describes the
percentage of total variation across studies that is due to heterogeneity rather than chance”
(Higgins et al., 2003). A vale of 0% indicates no heterogeneity is observed and the larger
values mean the increased heterogeneity. Potential publication bias was assessed in a funnel
plot. We used Begg's test and Egger's test to check for funnel plot asymmetry. The analyses
were performed with the Statal2 statistical software (StataCorp, 2011).

Prev Med. Author manuscript; available in PMC 2014 June 01.
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The study selection process is illustrated in Figure 1. We initially identified 681 abstracts
with our search strategies. Twenty-five studies were selected as potentially relevant studies
for full text investigation after title and abstract screening. We excluded three studies
because of missing data for weight change, even after contacting the authors (Asbee et al.,
2009; O'Toole et al., 2003; Santos et al., 2005). Separate data for OW/OB women were not
reported in six studies (Cavalcante et al., 2009, Haakstad and Bo, 2009; Huang et al., 2011;
Hui et al., 2011; Lewis et al., 2011; Yeo, 2009). There were other reasons to exclude papers:
an intervention for women with gestational diabetes mellitus (Brankston et al., 2004),
unclear postpartum status (Chang et al., 2010), no RCT (Davenport et al., 2011; Gray-
Donald et al., 2000), and protocol (Luoto et al., 2010). Finally, a total of 11 studies (7
studies with pregnant women and 4 studies with postpartum women) were identified for
inclusion in the review. Although a variety of mother's and infant's outcomes were assessed
in the selected studies, only maternal weight change was analyzed in this review. Among the
7 studies with pregnant women, the most studies used the gestational weight gain, but Ong
et al. (2009) used a slightly different time window. Nonetheless, we still used the change in
weight in that study, just as we did in other studies. We did not adapt or convert their
reported weight change.

Methodological quality

Methodological quality varied considerable across the trials (Table 1). The sample size of
randomized participants in the 11 studies ranged from 12 to 450 and five studies of the 7
studies with pregnant women had more than 100 participants (Barakat, et al., 2009;
Guelinckx, et al., 2010; Phelan, et al., 2011; Polley, et al., 2002; Vinter, et al., 2011) while
only one study with postpartum had more than 100 participants (Jstby et al., 2009). Four
studies of the 7 studies with pregnant women clearly reported methods used to generate the
concealed allocation in the participant randomization assignment (Barakat et al., 2009;
Nascimento, et al., 2011; Phelan,et al., 2011; Vinter, et al., 2011), and none of the 4 studies
with postpartum women clearly described those procedures. Blinded assessment was done in
two studies with pregnant women (Barakat et al., 2009; Phelan, et al., 2011) and one study
with postpartum women (Craigie et al., 2011). An intention-to-treat analysis was performed
in three studies with pregnant women (Barakat et al, 2009; Phelan et al., 2011; Polley et al.,
2002) and one study with postpartum women (Jstby et al., 2009). Retention rates were less
than 80% for one study (Guelincks et al., 2010) with pregnant women and three studies with
postpartum women (Craigie et al., 2011; @stby et al., 2009; Walker et al., 2011).

Interventions targeting pregnant women

A summary of study characteristics is provided in Table 1. Seven randomized controlled
trials were included, involving 721 OW/OB pregnant women. Places where the studies were
implemented varied; two in the U.S., and one in Australia, Brazil, Belgium, Denmark, and
Spain respectively. Two of the 7 studies provided structured physical activity programs
alone, in which women participated in supervised physical activity sessions 3 times a week.
Another two studies provided supervised physical activity sessions once a week along with
counseling on diet and the recommended weight gain during pregnancy either once at the
start of the study (Nascimento et al., 2011) or at 15, 20, 28, and 35 weeks gestations (Vinter
etal., 2011). The rest three studies implemented a group or individual counseling/advice on
physical activity, diet, and the recommended weight gain during pregnancy and did not
provide any supervised exercise program (Guelincks et al., 2010; Phelan et al., 2011; Polley
et al., 2002). The meta-analysis on the results of the individual studies are depicted in Figure
2, suggesting a significant reduction of gestational weight gain on overage in the physical
activity intervention groups (p = 0.035), with a weighted mean difference (WMD) of -0.91
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kg (95% CI: -1.76, —0.06). That is, women who were provided with either physical activity
alone or physical activity plus diet gained less of about 0.91 kg during pregnancy, when
compared with women in the control groups. Supervised physical activity only studies
(supervised physical activity programs 3 times per week) showed the largest weight
reduction (WMD = -1.74 kg; 95% CI: —-3.66, +0.19), but it was not statistically significant
(p=0.077). Physical activity plus diet studies consisting of supervised physical activity
program showed a significant treatment effect compared to women in the control groups
(WMD = -1.17 kg; 95% CI: -2.14, —0.21; p=0.017). Overall, women in unsupervised
physical activity programs rather gained more weight than women in the controls, but it was
not statistically significant (WMD = 0.44 kg; 95% CI: -1.86, 2.74; p=0.707) (Figure. 2).
There was low heterogeneity among individual studies as indicated by Higgins' /. Our
funnel plot showed one small study with a larger effect (outlier; Polley et al., 2002).
Publication bias is one possible explanation for a finding of an asymmetric funnel plot
(small studies clustering well above or well below the summary measure of effect).
However, in this case, there is only one outlier study, rather than a cluster of studies. Also,
there are other explanations for outlier studies beyond publication bias. In this case, this
study may have had a much greater estimate of effect because it had a different population.
In the Polley et al. (2002), all of the study participants were recruited from an obstetric clinic
for low-income women and the proportion of an ethnic minority (i.e., African American)
was relatively high. Also, both Begg and Egger test, which are statistical tests to detect
publication bias, did not show evidence of publication bias (Appendix 2).

In all of the 7 RCTs targeting pregnant women, the intensity of the physical activity
interventions ranged from light to moderate (Table 2). Among the 4 supervised physical
activity interventions, the training intensity was individualized for two studies (Barakat et
al., 2009; Ong et al., 2009) while the other two studies have interventions of either 40
minutes (Nascimento et al., 2011) or 60 minutes (Vinter et al., 2011) per session once a
week. Among the 3 unsupervised physical activity interventions, no individualized physical
activity prescription/goal was used (Guelincks et al., 2010, Phelan et al., 2011; Polley et al.,
2002).

Except the two physical activity alone interventions (Barakat et al., 2009; Ong et al., 2009),
the rest 6 physical activity plus diet interventions had either group or individual counseling
on physical activity, nutrition, and weight during pregnancy. The frequency of the
counseling ranged from once at the study enrollment (Nascimento et al., 2011; Phelan et al,
2011; Polley et al., 2002), 3 times (Guelincks et al., 2010), to 4-6 times (Vinter et al., 2011).
Phelan et al. (2002) provided 3-brief supportive phone calls (10-15 minutes) and additional
brief supportive phone calls (2 calls/month) to those who were over or under weight gain
guidelines. Polley et al. (2002), also provided additional individualized counseling to those
who exceed weight gain guidelines. Feedbacks on participants' weight were given by
sending a participant a personalized graph of their weight gain after each clinic visit in two
studies (Phelan et al, 2011; Polley et al., 2002). Prompts to promote healthy eating and
exercise habits were mailed weekly via automated postcards (Phelan et al., 2011) and
biweekly via newsletters (Polley et al., 2002). For self-monitoring for exercise, monthly
exercise journals (Nascimento et al., 2011) and pedometers (Phlen et al., 2011; Vinter et al.,
2011) were used. Phelan et al. (2011) also utilized food records for healthy eating and
weight scales for weight gain for self-monitoring. A study provided free membership to a
fitness center to participants (Vinter et al., 2011).

Interventions targeting postpartum women

Four randomized controlled trials were included, involving a total of 547 women who were
OWI/OB postpartum women (Table 1). Three studies were conducted in the U.S. (Lovelady
et al., 2000; Dsthy et al., 2009; Walker et al., 2011) and one study was conducted in the
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U.K. (Craigie et al., 2011). Two studies initiated their programs with a relatively wide-open
period: sometime between 6 months postpartum and 18 months postpartum (Craigie et al.,
2011) or between 6 weeks postpartum and 12 months postpartum (Walker et al., 2011). Two
studies initiated when all participants were either 4 week postpartum (Lovelady et al., 2000)
or 6 week postpartum (Jstby et al., 2009). Lovelady et al. included breastfeeding women
only while two studies included women with low-income status (Craigie et al., 2011; Walker
et al., 2011). The duration of three interventions ranged between 10 and 13 weeks (Craigie
etal., 2011; Lovelady et al., 2000; Walker et al., 2011) whereas the duration of one
intervention was 9 months (@stby et al., 2009).

The meta-analysis on the results of the individual studies is depicted in Figure 3. Since
Walker et al. (2011) reported a mean weight change for each ethnic group (White, African
American, Hispanic) and the contents of the interventions were slightly different by ethnic
group, three WMDs were calculated for this study, using a random-effects model. The result
of the meta-analysis suggested a significant weight reduction on average in the intervention
groups (p < 0.001), with a WMD of -1.22 kg (95% CI: —1.89, —0.56). Supervised physical
activity plus diet study (Lovelady et al., 2000) showed a significant treatment effect
compared to women in the control group (WMD = -1.50 kg; 95% CI: -1.98, -1.02; p=
0.000). Overall, women in unsupervised physical activity programs rather lost more weight
than women in the control groups, but it was not statistically significant (WMD = -0.94 kg;
95% CI: -2.00, 0.12; p=0.082) (Figure. 3). The unsupervised physical activity plus diet
intervention composed of personalized prescription/goals of physical activity (Craigie, et al.,
2011) showed the greatest treatment effect followed by a supervised physical activity plus
diet intervention (Lovelady, et al., 2000). There was low heterogeneity among individual
studies as indicated by Higgins' /. The funnel plot, Egger's test, and Begg's test indicated no
considerable publication bias (Appendix 3).

All trials consisted of physical activity as well as diet counseling. A supervised physical
activity intervention was offered for 45 minutes per day for 4 days per week in one study
(Lovelady, 2000) while three other studies provided a pedometer to each participant in the
intervention groups -- along with a 4-week walking plan and a personalized physical activity
goal (Craigie et al., 2011), information on strategies to increase the intensity and duration of
daily physical activity (Walker et al., 2011), or a sport stroller at 6-months postpartum
(Dstby et al., 2009). The details of the intervention components are described in Table 2.
The individualized prescription for energy intake along with six commercial low-fat and
low-calorie frozen dinners each week for the 10-week study period was implemented in one
study (Lovelady, 2000). Craigie et al. (2011) delivered 3 face-to-face counseling sessions at
monthly intervals while Walker et al. (2011) delivered weekly 2-hour long ethnic-specific
weight loss group sessions. @sthy et al. (2009) provided 10 physical activity group sessions,
8 healthy-eating sessions, and 6 telephone counseling sessions over a 9-month period.

Discussion

In this systematic review and meta-analysis, we found that supervised physical activity plus
diet had a significantly lower average gestational weight gain (-1.17 kg) for OW/OB
pregnant women and a significantly higher average weight reduction (-1.50 kg) for OW/OB
postpartum women in the intervention groups compared with women in the control groups.
In a meta-analysis of 12 RCTs of interventions comprised solely of physical activity
regardless of pregnant women's BMI status, the finding suggested that women in the
intervention groups had a significantly lower average gestational weight gain (WMD =
-0.61 kg; 95% CI: -1.17, —0.06) compared to women in the control groups (Streuling et al.,
2011). Streuling et al. (2010) reported that physical activity plus diet interventions
significantly reduced gestational weight gain in a meta-analysis of 4 RCTs and 5 non-RCTSs.
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Also, Sui and colleagues (2011) recently published a systematic review of 5 supervised
physical activity interventions on outcomes including gestational weight gain in OW/OB
pregnant women and concluded that supervised physical activity interventions were
associated with lower gestational weight gain (WMD = -0.36 kg; 95% CI: —0.64, —0.09)
when compared with standard antenatal care. In a meta-analysis of 4 RCTs and quasi
—randomized trials of physical activity plus diet intervention regardless of postpartum
women's BMI status, women in the intervention groups showed significantly larger weight
loss (four studies; n=169; WMD = -2.89 kg; 95% CI: —4.83, —0.95) compared to women in
the control groups (Amorim et al., 2007). Along with those reviews, this study supports the
conclusion that supervised physical activity plus diet interventions are most effective in
managing weight regardless of body weight status in pregnant as well as postpartum women.

Our findings indicate a potential reduction in gestational weight gain of 0.9 kg and
postpartum weight loss of 1.22 kg by interventions under study. Any attempt to manage
weight during pregnancy and postpartum may be of relevance at a population level, but
innovative strategies to maximize the intervention effect should also be developed and tested
in this population. Given that there is an increase in the use of mobile phones, wireless
devices, and social media among pregnant and postpartum women, these channels may be
excellent modes of delivering health promotion programs. For example, in a systematic
review, the use of text-messaging or smart phone applications showed some potential in
improving physical inactivity and reducing weight, and they were well accepted by non-
pregnant study participants (Stephens and Allen, 2012). The use of mobile applications as a
tool to give prompts, provide self-monitoring, and give feedback on the user's progress is
promising and needs to be evaluated.

There was no study that initiated an intervention during pregnancy and continued to have
that intervention during postpartum. Polley et al. (1992) implemented a behavioral lifestyle
intervention on physical activity, diet, and weight gain during pregnancy in pregnant women
and assessed weight loss at 6 weeks postpartum, but no intervention was delivered during
postpartum. Fear of harming self/unborn baby, general physical discomfort, discouragement
to undertake physical tasks by people around them, and positive view or encouragement
toward over-eating were found to contribute a general decline in physical activity and risks
in excessive weight gain during pregnancy in a systematic review of quantitative and
qualitative data regarding weight management in pregnancy (Campbell et al., 2011). The
lack of information or inconsistent information regarding pregnant women's physical
activity and healthy dietary behaviors, and negative beliefs or attitudes of people (partner,
peers, and wider family) around pregnant women were also addressed as factors that
undermine reducing excessive weight gain in pregnancy in intervention studies. Despite
these factors, pregnancy is often called “teachable moment” for pregnant women to adopt
health-promoting behaviors when these behaviors are perceived to improve women as well
as their babies' health. During postpartum, adjustment to motherhood including caring a
newborn makes it hard for postpartum women to prioritize their own health behavior efforts
and to adopt a new behavior. Poor retention rates were reported in weight management
programs conducted with postpartum women, although those who adhered to the programs
were more likely to lose weight (Mclntyre, et al., 2012; O'Toole, et al., 2003; Jstbye et al.,
2009). That is, pregnancy may be a good timing for adopting physical activity and healthy
dietary behaviors, and postpartum for maintaining these behaviors. Given this challenging,
transitional period of life, motivationto change or initiate weight management behaviors and
self-efficacy in their ability to self-manage their conditions need to be addressed within the
social cognitive theory (SCT) or the theory of planned behavior (TPB). Thus, future studies
need to develop interventions initiated during pregnancy to prevent excessive weight gain
during pregnancy and continued during postpartum to prevent excessive weight retention
and test their efficacies and cost-effectiveness in OW/OB women.
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Although Walker et al. (2011) attempted to develop a ethnic-specific weight-loss
intervention for low-income postpartum women including African American, Hispanic, and
White/Anglo, women in the control group lost more weight than women in the intervention
group for African American only, indicating that the intervention was not effective. Also,
Polley et al. (1992), which included low-income pregnant women showed the similar results
to Walker et al. (2011). Quantitative as well as qualitative studies to understand how low-
income status or ethnicity influence women's attitude toward physical activity, dietary
behaviors, and weight management during pregnancy and postpartum should be conducted.
Furthermore, cultural contexts that low-income African American women may face and that
present challenges unique to their ethnic groups need to be explored in future studies.

All of the studies reviewed in this paper included intervention components that may
influence OW/OB pregnant or postpartum women's physical activity or dietary behaviors at
the individual level only (e.g., providing counseling, feedback on their weights) and targeted
OWI/OB pregnant or postpartum women only. Exploration of family and community related
factors such as social support from spouse or environmental support in this population and
development of interventions that target family, especially spouses, would be worthwhile
since social support from spouse is reported as a major enabler of regular physical activity in
childbearing and childrearing women (Albright, et al., 2005; Brown, et al., 2001; Evenson,
et al., 2009). The recipient of the intervention may need to broaden to the wider family and
social network surrounding pregnant women since lay beliefs about physical activity,
healthy dietary behaviors, and weight management often contradict messages from health
professionals (Campbell et al., 2011).

Despite various strategies used in the interventions, only a few studies showed significant
effects in weight management among OW/OB pregnant women (Vinter et al., 2011) and
OWI/OB postpartum women (Craigie et al., 2011; Lovelady et al., 2000). We indicated those
studies with asterisk in Table 2. When we checked the intervention strategies or components
in those studies, we found some common characteristics. First, two of the studies (Lovelady
etal., 2000; Vinter et al., 2011) were supervised physical activity plus diet interventions.
Second, individualized physical activity intensity or goal along with energy intake
restriction was implemented (Lovelady et al., 2000; Craigie et al., 2011). Third, target
weight was specified (Lovelady et al., 2000; Vinter et al., 2011). Those strategies or
components should be included in weight control programs for OW/OB pregnant or
postpartum women in future studies.

Strengths and limitations

In general, a combination of physical activity and diet intervention has shown to be more
effective than a physical activity intervention alone in weight management. However, the
effect of physical activity plus diet intervention has not been well examined in pregnant
women. A previous systematic review lumped antenatal behavioral interventions including
physical activity plus diet interventions into dietary interventions (Dodd et al., 2010) and
another systematic review included studies consisting of supervised physical activity only in
OWI/OB pregnant women (Sui et al., 2012). To our knowledge, this paper is the first
systematic review performed to examine the effect of antenatal physical activity alone as
well as physical activity plus diet interventions on gestational weight gain in OW/OB
pregnant women. Since this review included physical activity alone and physical activity
plus diet interventions, it was possible to compare their effects on gestational weight gain
and find new insights for future studies. More rigorous inclusion criteria could restrict this
review to interventions, which target only supervised physical activity, but in practice,
knowledge of the effectiveness of physical activity plus diet interventions is relevant and
important.
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Research on antenatal interventions including physical activity as a weight management
strategy in OW/OB pregnant or postpartum women is in early stage. The numbers of studies
reviewed in previous systematic reviews were small (< 10 studies, Dodd et al., 20010; Sui et
al., 2012). We also found 11 studies combining 7 studies for pregnant women and 4 studies
for postpartum women. Although we tried to determine the effectiveness of interventions by
choosing RCTs only to minimize study heterogeneity and ensure comparability of studies,
the reviewed interventions were heterogeneous and their qualities varied. Since we did not
select the reviewed papers based on their qualities and we only had a small sample size of
the reviewed papers, our estimates might have been biased. Thus, caution is needed when
interpreting the findings of this review.

Since the proportions of women who exceeded the IOM recommendation for pregnant
women were not reported in two papers (Barakat et al., 2009; Ong et al., 2009), and the
recommended level for the overweight was used for the obese (Guelinckx et al., 2010;
Phelan et al., 2011; Polley et al., 2002), the summary statistic based on weight change seems
a better option than findings reported regarding the IOM recommendation. The information
on losing at least certain % of final pregnancy weight for postpartum women would be better
than overall weight change during postpartum, but this information was also not available
for calculation due to lack of data in three papers (Lovelady et al., 2000; Craigie et al., 2011,
Walker et al., 2011). Because the point in which postpartum women were included in this
paper varied from 4 weeks to 18 months postpartum, the weight loss over time of follow-up
(i.e., how many kilograms lost per month) should have been included. However, we could
not analyze the weight loss over time of follow-up due to the lack of related-data in the
reviewed papers and could only report the overall weight change.

This review may contain a level of error due to publication bias since we did not include
studies in other languages other than English and Korean and did not attempt to contact
authors of non-published studies. It is possible that studies with significant results were
published more frequently than studies without significant results. In this review, six studies
out of the included studies did not contain significant results. However, the potential for
misinterpretation due to the possible bias of published studies should be considered.

Conclusion

A remarkable opportunity for long-term health effect exists during childbearing and
childrearing period and taking advantage of it may influence not only an individual woman
but also her offspring. The evidence suggests supervised physical activity plus diet programs
were most effective in managing weight among OW/OB pregnant and postpartum women.
However, advice alone to promote physical activity without a personalized physical activity
prescription/goal in physical activity plus diet interventions were not effective enough to
prevent excessive gestational weight gain or postpartum weight retention for OW/OB
women. These findings highlight effective approaches for managing healthy weight for OW/
OB pregnant as well as postpartum women. Furthermore, this systematic review provides a
gateway for continued research on weight-related health behavior strategies for OW/OB
pregnant as well as postpartum women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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681 Records identified and screened for abstract/title

656 References excluded
356 No PA intervention
127 No RCT

A 4

69 Review/Statement/Guideline
59 Duplicates

45 No separate analysis for OW/OB women

v
25 Full —text articles assessed for eligibility

14 Full-text articles excluded
3 No weight change reported
6 No separate data for OW/OB

1 Women with gestational diabetes mellitus

4

1 Definition of postpartum has not met
2No RCT

1 Protocol

11 Atrticles included
7 studies with OW/OB pregnant women &
4 studies with OW/OB postpartum women

Figure 1. Identification of studies in systematic review of effects of physical activity interventions
on pregnant or postpartum women' weight change
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Overall change in weight (kg) (Mean Difference 1V, Random 95% Cl)

Study %
ID WMD (95% Cl) Weight

Supervised PA :
'

Barakat (n=40) —_— -1.92 (-4.49, 0.65) 10.22
Ong (n=12) _—t -1.50 (-4.41, 1.41) 8.08

Subtotal (I-squared = 0.0%, p = 0.832) <—___—r -1.74 (-3.66,0.19) 18.30

Supervised PA and Diet

Nascimento (n=80) -_— -1.20 (-3.96, 1.56) 8.97
Vinter (n=292) —_— -1.17 (-2.20, -0.14) 47.02
Subtotal (I-squared = 0.0%, p = 0.984) <> -1.17 (-2.14, -0.21) 56.00

Unsupervised PA and Diet

Guelinckx (n=85) T — -0.80 (-3.89, 2.29) 7.23

Phelan (n=163) —_— -0.40 (-2.61, 1.81) 13.50
T

Polley (n=49) ! 3.50 (-0.25, 7.25) 4.97

Subtotal (I-squared = 45.3%, p = 0.161) -1 — 0.44 (-1.86,2.74) 25.70
;
'

N 1

Overall (I-squared =8.2%, p = 0.366) <> -0.91 (-1.76, -0.06) 100.00

|
|
NOTE: Weights are from random effects analysis !
T T 1 T T T 1
4 32101 2 3 4
Favors intervention Favors control

Figure 2. Meta-Analysis of the effectiveness of physical activity interventions compared to
comparison group in 7 interventions targeting pregnant women

Heterogeneity: Chi2 = 6.54, df = 6 (p = 0.366); 12 = 8.2%

Test for overall effect: z=2.10 p = 0.035

The area of the gray square reflects the weight that the study contributes to the meta-
analysis.
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Overall change in weight (kg) (Mean Difference 1V,

Study
ID

Supervised PA and Diet
Lovelady (n=40)

Subtotal (I-squared =.%, p =.)

Unsupervised PA and Diet
Craigie (n=36)
Ostbye (n=421)

Walker-white (n=16)

Walker-African American (n=20)
Walker-Hispanic (n=14)
Subtotal (l-squared = 18.8%, p = 0.295)

o of

Overall (l-squared = 25.1%, p = 0.246)

NOTE: Weights are from random effects analysis

Random 95% ClI)

%
WMD (95% Cl)  Weight

-1.50 (-1.98, -1.02) 51.10
-1.50 (-1.98, -1.02) 51.10

-1.80 (-3.22, -0.38) 16.60
-0.54 (-1.50, 0.42) 28.54
-3.10 (-12.99, 6.79) 0.45
3.50 (-2.01,9.01) 1.42
-2.00 (-6.77,2.77) 1.89
-0.94 (-2.00, 0.12) 48.90

-1.22 (-1.89, -0.56) 100.00

TT T T T T T1
-4-3-2-10123 4
Favors intervention Favors control

o=

Figure 3. Meta-Analysis of the effectiveness of physical activity interventions compared to
comparison group in 6 interventions (4 papers) targeting postpartum women

Heterogeneity: ChiZ = 6.68, df = 5 (p = 0.246); 12 = 25.1%
Test for overall effect: z= 3.60 p = 0.000

The area of the gray square reflects the weight that the study contributes to the meta-

analysis.
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