Impact of prenatal exercise on both prenatal and
postnatal anxiety and depressive symptoms: a
systematic review and meta-analysis

Margie H Davenport,' Ashley P McCurdy,' Michelle F Mottola,® Rachel J Skow,’
Victoria L Meah,? Veronica J Poitras,* Alejandra Jaramillo Garcia,* Casey E Gray,”
Nick Barrowman,® Laurel Riske,' Frances Sobierajski,' Marina James,' Taniya Nagpal,’
Andree-Anne Marchand,” Megan Nuspl,® Linda G Slater,” Ruben Barakat, "°

Kristi B Adamo,"" Gregory A Davies,'* Stephanie-May Ruchat"

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
bjsports-2018-099697).

For numbered affiliations see
end of article.

Correspondence to

Dr Margie H Davenport,
Program for Pregnancy and
Postpartum Health, Faculty
of Kinesiology, Sport, and
Recreation, University of
Alberta, Edmonton T6G 2E1,
Canada;
mdavenpo@ualberta.ca

Accepted 10 August 2018

I '.) Check for updates

© Author(s) (or their
employer(s)) 2018. No
commercial re-use. See rights
and permissions. Published
by BMU.

To cite: Davenport MH,
McCurdy AP, Mottola MF,
et al. Br J Sports Med
2018;52:1376-1385.

ABSTRACT

Objective To examine the influence of prenatal exercise
on depression and anxiety during pregnancy and the
postpartum period.

Design Systematic review with random effects meta-
analysis and meta-regression.

Data sources Online databases were searched up to 6
January 2017.

Study eligibility criteria Studies of all designs

were included (except case studies) if they were
published in English, Spanish or French and contained
information on the Population (pregnant women without
contraindication to exercise), Intervention (subjective

or objective measures of frequency, intensity, duration,
volume or type of exercise), Comparator (no exercise

or different frequency, intensity, duration, volume and
type of exercise) and Outcome (prenatal or postnatal
depression or anxiety).

Results A total of 52 studies (n=131406) were
included. 'Moderate" quality evidence from randomised
controlled trials (RCTs) revealed that exercise-only
interventions, but not exercise+cointerventions, reduced
the severity of prenatal depressive symptoms (13 RCTs,
n=1076; standardised mean difference: —0.38, 95% CI
—0.51t0 —0.25, 1’=10%) and the odds of prenatal
depression by 67% (5 RCTs, n=683; OR: 0.33, 95% Cl
0.21 10 0.53, I’=0%) compared with no exercise.
Prenatal exercise did not alter the odds of postpartum
depression or the severity of depressive symptoms,

nor anxiety or anxiety symptoms during or following
pregnancy. To achieve at least a moderate effect size

in the reduction of the severity of prenatal depressive
symptoms, pregnant women needed to accumulate at
least 644 MET-min/week of exercise (eg, 150 min of
moderate intensity exercise, such as brisk walking, water
aerobics, stationary cycling, resistance training).
Summary/Conclusions Prenatal exercise reduced the
odds and severity of prenatal depression.

INTRODUCTION

In 2017, the WHO identified that depression is the
leading cause of disability worldwide.' Pregnant
and postpartum women are particularly vulnerable
to declining mental health as a result of elevated
stress and lack of social support.* Depression affects
approximately 13% and anxiety affects up to 39%
of pregnant and postpartum women;® * however,

it is generally accepted that both conditions are
underdiagnosed and undertreated during the peri-
natal period.’ ¢ These conditions have immediate
and persisting adverse impacts on both mother and
child.

For mothers, depression and/or anxiety during
pregnancy strongly predicts postpartum depres-
sion and anxiety; depression and anxiety are asso-
ciated with reduced self-care, preterm labour, low
birth weight as well as compromised caregiving and
bonding with the infant.”” Maternal depression
and anxiety have also been linked with delays in
offspring development (cognitive, emotional and
social development).'® %3 Standard treatments for
depression and anxiety include pharmacological
and psychological intervention'*™® but the long-
term impact of some medications on the fetus has
not been established” '® and psychotherapy can be
costly and difficult to access.'” '* The consequences
of leaving these disorders untreated can be severe.

In non-pregnant women, exercise may be as
effective as antidepressants and psychotherapy for
treating mild-to-moderate depression (ie, amoderate
effect size)."” A recent review demonstrated that
light to moderate intensity aerobic exercise initi-
ated in the postpartum period improves mild to
moderate depressive symptoms and increases the
likelihood of resolving mild to moderate depres-
sion in the postpartum period compared with stan-
dard care.”® It has not been established if prenatal
exercise reduces the prevalence and/or severity of
depression and anxiety during pregnancy and the
postpartum period.

Current national and international guidelines
recommend that women without contraindica-
tions to exercise (eg, preeclampsia, incompetent
cervix, premature labour) be physically active
throughout pregnancy.”'* This systematic review
and meta-analysis forms part of a series of reviews,
which will form the evidence base for the develop-
ment of the 2019 Canadian guideline for physical
activity throughout pregnancy (herein referred to as
Guideline).** The purpose of this paper is to present
the results of a systematic review and meta-analysis
of the relationships between prenatal exercise, and
(1) depression and anxiety during pregnancy as
well as (2) any persisting effect into the postpartum
period.
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METHODS

In October 2015, the Guidelines Consensus Panel was formed to
identify outcomes for the Guideline update. The panel included
researchers, methodological experts, a fitness professional, a
public health representative (Middlesex-London Health Unit)
and representatives from the Society for Obstetricians and
Gynecologists of Canada, Canadian Society for Exercise Phys-
iology (CSEP), The College of Family Physicians of Canada,
Canadian Association of Midwives and Canadian Academy of
Sport and Exercise Medicine, Exercise is Medicine Canada.
During this meeting, 20 ‘critical’ and 17 ‘important’ outcomes
related to prenatal exercise and maternal/fetal health were
selected. Maternal mental health was rated as “critical” outcome.
This systematic review and meta-analysis was conducted in
accordance with the PRISMA guidelines and the checklist was
completed.”

Protocol and registration

Two systematic reviews examining the impact of prenatal exer-
cise on fetal and maternal health outcomes were registered with
PROSPERO, the international prospective register of system-
atic reviews (fetal health: Registration no. CRD42016029869;
Available  from:  https://www.crd.york.ac.uk/PROSPERO/
display_record.asp?ID=CRD42016029869;maternal  health:
Registration no. CRD42016032376; Available from: https://
www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=
CRD42016032376). Because the relationships between prenatal
exercise and maternal/fetal health outcomes are examined
in studies related to both fetal and maternal health, records
retrieved from both of these reviews were considered for inclu-
sion in the present systematic review.

Eligibility criteria
This study was guided by the participants, interventions, compar-
isons, outcomes and study design (PICOS) framework.”

POPULATION

The population of interest included in this review was pregnant
women without contraindication to exercise (according to the
CSEP and American College of Obstetricians and Gynecologists
(ACOG) guidelines).”! 2® Absolute contraindications to exer-
cise were defined as: ruptured membranes, premature labour,
persistent second or third trimester bleeding, placenta praevia,
preeclampsia, gestational hypertension, incompetent cervix,
intrauterine growth restriction, high order pregnancy, uncon-
trolled type 1 diabetes, hypertension or thyroid disease or other
serious cardiovascular, respiratory or systemic disorders. Rela-
tive contraindications to exercise were defined as: a history of
spontaneous abortion, premature labour mild/moderate cardio-
vascular or respiratory disease, anaemia or iron deficiency,
malnutrition or eating disorder, twin pregnancy after 28 weeks
or other significant medical conditions.*! 22°

INTERVENTION (EXPOSURE)

The intervention/exposure was subjective or objective measures
of frequency, intensity, duration, volume or type of exercise.
Although exercise is a subtype of physical activity, for the
purpose of this review, we used the terms interchangeably. Exer-
cise and physical activity were defined as any bodily movement
generated by skeletal muscles that resulted in energy expendi-
ture above resting levels.”” Acute (ie, a single exercise session) or
habitual (ie, usual activity) prenatal exercise and interventions
including exercise alone (termed ‘exercise-only’ interventions)

or in combination with other interventions (such as diet; termed
‘exercise+cointerventions’) were considered. Studies were
excluded if exercise was performed after the beginning of labour.

COMPARISON

Eligible comparators were: various frequencies, intensities, dura-
tions, volumes and types of exercise; various durations of inter-
vention or exercise or exercise in different trimesters.

OUTCOME

Eligible outcomes were diagnosis of depression or anxiety (either
by exceeding a specific threshold via questionnaire or diagnosis
by a qualified professional) and severity of symptoms of depres-
sion or anxiety.

STUDY DESIGN

Primary studies of any design were eligible, except case studies
(n=1). Narrative or systematic reviews and meta-analyses were
excluded.

Information sources

A comprehensive search was created and run by a research
librarian (LGS) in the following databases: MEDLINE, EMBASE,
PsycINFO, Cochrane Database of Systematic Reviews, Cochrane
Central Register of Controlled Trials, Scopus and Web of Science
Core Collection, CINAHL Plus with Full-text, Child Develop-
ment & Adolescent Studies, ERIC, Sport Discus, ClinicalTrials.
gov and the Trip Database up to 6 January 2017 (see online
supplementary file for complete search strategies).

Study selection and data extraction

Titles and abstracts of all retrieved articles were independently
screened by two reviewers. Abstracts that were judged to have
met the initial screening criteria by at least one reviewer were
retrieved as full-text articles. Articles were reviewed for relevant
PICOS information by at least one person. If it was deemed that
articles did not meet the inclusion criteria, they were reviewed by
MHD and/or SMR prior to exclusion. If agreement could not be
reached by discussion, study characteristics related to eligibility
were presented to the Guidelines Steering Committee (MHD,
MFM, SMR, CG, VP, AJG and NB) and final decisions were
made by consensus. Studies that were selected were imported
into DistillerSR (Evidence Partners, Ottawa, Ontario, Canada)
for data extraction. At this point, studies from the maternal and
fetal reviews that were included were de-duplicated against one
another in DistillerSR and were considered as one review from
this point forward.

Data extraction tables were created in DistillerSR in consul-
tation with methodological experts and the Guidelines Steering
Committee. Data were extracted by one person; a content expert
(MHD, MFM or SMR) independently verified the extracted data.
Reviewers were not blinded to study authors. For each single
study, the most recent or complete version of the publication was
selected as the ‘parent’ paper; however, relevant data from all
publications related to each unique study were extracted. Study
characteristics (ie, year, study design, country) and population
characteristics (eg, number of participants, age, pre-pregnancy
body mass index (BMI), previous physical activity levels, parity
and pregnancy complications including preeclampsia, gestational
hypertension and gestational diabetes), intervention/exposure
(actual and/or prescribed exercise frequency, intensity, dura-
tion and type, duration of the intervention, measure of physical
activity) and outcomes (depression or anxiety diagnosis and/or
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symptom severity) were extracted (see online supplementary
table 1). If data were not available for extraction, the authors
were contacted for additional information.

Quality of evidence assessment

The Grading of Recommendations Assessment, Development and
Evaluation (GRADE) framework was used to assess the quality of
evidence across studies for each study design and health outcome.
The risk of bias for all included studies was independently assessed
by two reviewers. The risk of bias in randomised controlled trials
(RCTs) and intervention studies was evaluated following the
Cochrane Handbook?®; risk of bias in observational studies was
assessed using the characteristics recommended by Guyatt et al.”’
All studies were examined for potential sources of bias, ie, selection
bias, reporting bias, performance bias, detection bias, attrition bias
and ‘other’ sources of bias.

Risk of bias across studies was rated as ‘serious’ when studies
having the greatest influence on the pooled result (assessed using
weight (%) given in forest plots or sample size in studies that were
narratively synthesised) presented ‘high’ risk of bias. The greatest
influence on the pooled result was determined as follows: the
studies that had the greatest individual per cent contribution in
the meta-analyses, when taken together, contributed to >50% of
the weight of the pooled estimate. Serious risk of bias was consid-
ered when sample size of studies that were narratively synthe-
sised was similar to the total sample size of studies contributing
to >50% of the weight of the pooled estimate in the meta-anal-
yses. Performance bias was rated as ‘high’ when<60% of partici-
pants performed 100% of prescribed exercise sessions or attended
100% of counselling sessions (defined as low compliance) or when
compliance to the intervention was not reported. Attrition bias was
rated as ‘high’ when >10% of data were missing at the end of
the study and intention-to-treat analysis was not used. Given the
nature of exercise interventions, it is not possible to blind partici-
pants to group allocation. Therefore, if the only source of bias was
related to the blinding of allocation, the risk of bias was rated as
Tow’.

The risk of bias, indirectness, inconsistency, imprecision or
risk of publication bias was assessed across studies for each study
design and health outcome. Evidence from RCTs began with
a ‘high’ quality of evidence rating and was graded down if any
quality violations occurred. Evidence from all non-randomised
intervention and observational studies began with a ‘low’ quality
rating and, if there was no cause to downgrade, was upgraded if
applicable according to the GRADE criteria (eg, large magnitude of
effect, evidence of dose-response).”®

Indirectness was considered serious when exercise-only inter-
ventions and exercise +cointerventions were combined for analysis
or when the effect of exercise+cointervention on an outcome was
examined. Exercise-only interventions could include standard care.
Inconsistency was considered serious when heterogeneity was high
(I*=50%) or when only one study was assessed (I* unavailable).
Imprecision was considered serious when the 95% CI crossed the
line of no effect and was wide, such that interpretation of the data
would be different if the true effect were at one end of the CI or
the other. When only one study was included, imprecision was not
considered serious because inconsistency was already considered
serious for this reason. Finally, in order to assess publication bias,
funnel plots were created if at least 10 studies were included in
the forest plot (see online supplementary figure 2). If there were
fewer than 10 studies, publication bias was deemed non-estimable
and not rated down. Due to time constraints and feasibility, one
reviewer evaluated the quality of the evidence across each health

outcome using the protocol and a second person reviewed the
GRADE tables as a quality control measure. Quality of evidence
assessment is presented in online supplementary tables 2-5.

Statistical analysis

Statistical analyses were conducted using Review Manager V.5.3.
(Cochrane Collaboration, Copenhagen, Denmark). ORs were calcu-
lated for all dichotomous outcomes. Inverse-variance weighting
was applied to obtain OR using a random effects model. Stan-
dardised mean differences (SMD) were calculated when different
measurement tools or scales were used for a single outcome. SMD
effect sizes were calculated using Hedges’ g. An effect size of 0.2,
0.4 and 0.8 was considered small, moderate and large, respectively.
Significance was defined as p<0.05. Meta-analyses were performed
separately by study design. A staged approach was used to deter-
mine if there was sufficient evidence from RCTs for each outcome
to inform the Guideline or if it was necessary to consider other
study designs. If fewer than 2000 women were included in the
exercise-only RCT meta-analysis, the impact of prenatal exercise
on the specific outcome was examined further using observational
evidence (non-randomised intervention, cohort, cross-sectional
and case-control studies). For RCTs and non-randomised inter-
ventions, sensitivity analyses were performed to evaluate whether
the effects were different when examining relationships between
exercise-only interventions versus exercise-+cointerventions and
depression and anxiety. When possible, the following a priori
subgroup analyses were conducted for exercise-only interventions:
(1) women diagnosed with diabetes (gestational, type 1 or type 2)
compared with women without diabetes (named ‘general popu-
lation’); (2) samples of women with overweight or obesity (mean
BMI>25.0kg/m?) prior to pregnancy compared with samples
of women who were of various BMI (mean BMI<25kg/m* but
possibly with some individuals with BMI>25.0kg/m?; named
‘general population’); (3) women>335 years of age compared with
women<35 years of age; (4) women who were previously inac-
tive compared with those who were previously active (as defined
by individual study authors). If a study did not provide sufficient
detail to allow it to be grouped into the a priori subgroups, then
a third group called ‘unspecified” was created. Tests for subgroup
differences were conducted, with statistical significance set at
p<0.05. If statistically significant differences were found subgroup
differences were interpreted. Finally, a priori subgroup analyses
were also conducted for exercise-only RCTs with critical outcomes
to identify whether a specific type of exercise was associated with
greater benefit compared with aerobic or resistance training alone.
Posthoc subgroup analyses were conducted comparing women
with and without depression at baseline, women who exercised
in supervised versus unsupervised settings and comparing effects
in which the Edinburg Postnatal Depression Scale (EPDS) versus
Center for Epidemiologic Studies Depression Scale (CES-D) tools
were used to assess possible diagnosis of depression and symptom
severity. The I was calculated to indicate the per cent of total vari-
ability that was attributable to between-study heterogeneity. In
studies where there were no observed events in the intervention
or control groups, data were entered into forest plots, but were
considered ‘not estimable’ and excluded from the pooled analysis
as per the recommendation in the Cochrane Handbook.*® Dose-re-
sponse meta-regression’' >* was carried out by weighted no-inter-
cept regression of log OR with a random effects for study, using
the metafor® package in R* V.3.4.1. Models did not include an
intercept term since the log OR is assumed to be zero when the
exercise dose is zero. Restricted cubic splines with knots at the
10th, 50th and 90th percentiles of the explanatory variable® were
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used to investigate whether there was evidence for a nonlinear
relationship. Fitting was performed by maximum likelihood, and
nonlinearity was assessed using a likelihood ratio test. When the
model was statistically significant at p<0.05, the minimum exer-
cise dose to obtain a clinically meaningful benefit was estimated by
the minimum value of the explanatory variable at which the esti-
mated OR was less than 0.75. Linear models were presented unless
the fit of the spline was significantly better. For outcomes or for
subsets of studies where a meta-analysis was not possible, a narra-
tive synthesis of the results was conducted, organised around each
outcome. Unless otherwise specified, studies were not included in
meta-analyses if data were reported incompletely (eg, SD, SE or
number of cases/controls not provided), if data were adjusted for
confounding factors or if the study did not include a non-exer-
cising control group. In studies where data were included in the
meta-analysis but additional information was available that could
not be meta-analysed, the studies were incorporated in both the

meta-analysis and narrative synthesis. Within each outcome, results
were presented by study design.

RESULTS

Study selection

The initial search was not limited by language. However, the Guide-
lines Steering Committee decided to exclude studies published in
languages other than English, Spanish or French for feasibility
reasons. A PRISMA diagram of the search results, including
reasons for exclusion, is shown in figure 1. A comprehensive list
of excluded studies is presented in the online supplementary file.

Study characteristics

Overall, 52 unique studies (n=131406 women) from 19 coun-
tries were included. There were 26 RCTs, 7 non-randomised
intervention, 10 cohort, 6 cross-sectional and 3 case control

Maternal Fetal
Rerords ident¥ied through Records dentified through
database searching Ovid, EBSCO, database searching Ovid, EBSCO, PR A ——
) Scopus, Web of Science Core Scopus, Web of Science Core identiFied through
Collection, ClinicalTriak.gov, Trip Collection, ClinicalTrialsgov, Trip other sources
database database (n=0)
5 n=16,123) {n=10,170)
8
] !
s Records after Records after
= duplicatesremoved duplicates removed
(n=13,672) (n=6,673)
Se—
=
= Records screened Records excluded Records screened Records excluded
§ (n=13,672) > (n=11,624) (n=6,673) —* {n=4,855)
“
) 4 v
) Fulktext articles Fulktext articles
assessed for eligibiliy d for elgibility
(n=2,048) (n=1,818)
£
3
[ Fulktext articlkes excluded,
> with reasons
Duplicate(n=1,262)
S No ocutcome of interest (n=1,792)
s Not or ginal data (n = 563)
Mo suitable population (n= 122)
Other Language (n=109)
hd Inaccessible (n=34)
3
k-]
=
E ¥
Studies included in the quantitative Studies included in the qualitative
synthesis synthess
(n=42) (=10}

Figure 1  Flow diagram of studies selected for the present study.
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studies. Among the included exercise interventions, the frequency
of exercise ranged from 1 to 7 days per week, the duration of
exercise ranged from 20 to 75 min per session and the types of
exercise included aerobic exercise, yoga, resistance training and
pelvic floor muscle training. Additional details about the studies
can be found in the online supplementary file. Possible diagnosis
of depression or being high in anxiety was based on a cut-off
score on a clinical scale. Severity of symptoms was the overall
score on a clinical scale. State anxiety is an acute response to a
perceived or real threat, while trait anxiety describes the inter-
individual tendency to have high state anxiety in response to a
threat.

Quality of evidence

Overall, the quality of evidence ranged from ‘very low’ to ‘high’
(see online supplementary tables 2 and 3). The most common
reasons for downgrading the quality of evidence were (1) serious
risk of bias that reduced the level of confidence in the observed
effects and (2) indirectness of the interventions being assessed.
Common sources of bias included poor or unreported compli-
ance and inappropriate treatment of missing data when attrition
rate was high. Publication bias was not observed among the anal-
yses where it was possible to systematically assess publication
bias using funnel plots.

Synthesis of data

The results of the meta-regression analysis are presented in the
online supplementary file (Meta-regressions, online supplemen-
tary figures 31-34). Meta-regression analysis using linear and
spline regression was conducted for each outcome. In each
case, the spline model did not provide a significantly better fit

than the linear model. Minimum exercise thresholds required
to achieve a moderate effect size (SMD>0.4) were estimated.
In order to achieve a moderate effect of exercise in reducing
prenatal depressive symptoms, the following thresholds were
identified: an exercise intensity of 4.0 METs/min (eg, light
walking; online supplementary figure 31), exercise dura-
tion >49.9min per session (online supplementary figure 32);
exercise frequency >2.6 times per week (online supplementary
figure 33) and volume of exercise per week >644 MET-min/
week (eg, 150 min of moderate intensity exercise, such as brisk
walking, water aerobics, stationary cycling, resistance training;
online supplementary figure 34).

Prenatal depressive symptoms

Overall, there was ‘very low” quality evidence from 21 RCTs
(n=4267) regarding the association between prenatal exer-
cise and depressive symptoms. The quality of evidence was
downgraded from ‘high’ to ‘very low’ because of serious risk
of bias, serious inconsistency and serious indirectness of the
intervention. Overall, prenatal exercise was associated with a
small reduction in severity of depressive symptoms compared
with no exercise (pooled estimate based on 19 RCTs, n=3316;
SMD: —0.23, 95% CI —0.36 to —0.09, [*=63%; figure 2).
Two exercise-only interventions could not be included in the
meta-analysis’® ¥ (see online supplementary file). In the first
RCT, there was no influence of prenatal exercise on the severity
of depressive symptoms during pregnancy.’” In contrast, in the
second RCT, yoga (n=51) but not non-yoga (n=45) antenatal
exercises was associated with an improvement in depressive

symptoms.’®

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Exercise Control
Study or Subgroup Mean SD Total Mean SD Total Weight
1.2.1 Exercise Only
Davis, 2015 6.35 3.99 20 7.32 5.06 19 3.4%
Field, 2013 8.5 53 40 115 65 39 51%
Field, 2012 20.12 10.51 11 19.27 10.12 21 2.7%
Field, 2013 235 9 37 239 114 38 5.0%
Guelfi, 2016 3.88 295 85 4.48 3.33 87 71%
Mitchell, 2012 1792 8.67 11 2142 9.79 11 2.2%
Newham, 2014 514 3.86 29 6.77 4.82 22  3.9%
Perales, 2015 7.65 6.65 83 11.93 10.19 59 6.5%
Perales, 2015 767 63 90 11.34 974 77  7.0%
Perales, 2014 933 717 45 1526 9.76 53 5.6%
Robledo-Colonia, 2012 10 6 37 16 8 37 47%
Taniguchi, 2016 4.1 48 54 5.2 6.7 53 59%
Uebelacker, 2016 527 447 11 743 472 7 1.8%
Subtotal (95% CI) 553 523 60.9%
Heterogeneity: Tau? = 0.01; Chi? = 13.27, df = 12 (P = 0.35); I? = 10%
Test for overall effect: Z =5.72 (P < 0.00001)
1.2.2 Exercise plus co-intervention
Choi, 2016 88 27 13 1141 6.9 15  2.6%
Dodd, 2016 583 458 695 563 472 687 10.0%
Phelan, 2014 49 44 128 5 4 133 8.0%
Poston, 2013 71 5.2 80 69 4.2 75 6.9%
Ussher, 2015 8 49 189 7.2 5 194 8.7%
Vieten, 2008 162 7.3 13 172 7.4 18  2.8%
Subtotal (95% CI) 1118 1122 39.1%

Heterogeneity: Tau? = 0.00; Chi? = 3.27, df = 5 (P = 0.66); 1= 0%

Test for overall effect: Z = 1.12 (P = 0.26)

Total (95% CI)

Heterogeneity: Tau? = 0.05; Chi? = 48.83, df = 18 (P = 0.0001); I> = 63%

1671

Test for overall effect: Z = 3.16 (P = 0.002)
Test for subaroup differences: Chi? = 29.42, df = 1 (P < 0.00001), I> = 96.6%

1645 100.0%

-0.21[-0.84, 0.42]
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0.08 [-0.65, 0.81]
-0.04 [-0.49, 0.41]
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-0.36 [-1.21, 0.48]
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-0.84 [-1.32, -0.36]
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-0.45 [-1.41, 0.51]
-0.38 [-0.51, -0.25]

-0.41[-1.17, 0.34]
0.04 [-0.06, 0.15]
-0.02 [-0.27, 0.22]
0.04 [-0.27, 0.36]
0.16 [-0.04, 0.36]
-0.13 [-0.85, 0.58]
0.05 [-0.04, 0.13]
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Figure 2  Effects of prenatal exercise-only versus exercise plus cointerventions (randomised controlled trials) compared with control on prenatal
depressive symptoms. Analyses conducted with a random effects model. IV, inverse variance.
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Sensitivity analysis

The pooled estimate for the exercise-only interventions was
significantly ~ different than the exercise+cointervention
subgroups (p<0.0001). Specifically, exercise-only interven-
tions had a small effect on reducing the severity of depressive
symptoms compared with no exercise (13 RCTs, n=1076;
SMD:—0.38, 95%CI —0.51 to -0.25, [’=10%; ‘moderate’
quality evidence, downgraded due to serious risk of bias; online
supplementary figure 1). There was no statistically significant
difference for those participating in exercise+cointerventions
(online supplementary figure 1).

Subgroup analyses
There were no statistically significant subgroup differences iden-
tified (see figure 2, online supplementary figure 3-7).

Other study designs
Findings from four non-randomised interventions,***' one
o} . . 43-45 .
cohort™ and three cross-sectional studies were in agreement
with the findings from RCTs. In contrast, findings from three
. 46248 49 e

cohort studies and one case-control study™ were not signifi-
cant (see online supplementary file for more details).

Prenatal depression

Overall, there was ‘very low’ quality evidence from eight RCTs
(n=2481) regarding the association between prenatal exercise
and prenatal depression. The quality of evidence was down-
graded from ‘high’ to ‘very low’ because of serious risk of bias,
serious inconsistency and serious indirectness of the interven-
tion. Overall, prenatal exercise was associated with 45% lower
odds of developing prenatal depression compared with no exer-
cise (OR 0.55, 95%CI 0.34 to 0.90, I*=599%; figure 3).

Sensitivity analysis

The pooled estimate for the exercise-only interventions was
significantly ~ different than the exercise+cointervention
subgroups (p<0.0001). Specifically, exercise-only interventions
(all interventions included supervised exercise) reduced the odds
of having depression by 67% (5 RCTs, n=683; OR: 0.33,95% CI
0.21 to 0.53, ’=0%); ‘moderate’ quality evidence, downgraded
due to serious risk of bias; figure 3). There was no statistically
significant difference in odds of developing depression for those
participating in exercise+cointerventions compared with a
no-exercise control (figure 3).

Subgroup analyses

Stratification by exercise type showed no statistically significant
difference in odds of developing prenatal depression (see online
supplementary figure 13). The remaining a priori subgroup
analyses could not be conducted as studies with the relevant
subgroups did not exist.

Other study designs

Findings from one non-randomised intervention,* one cohort
study?” and one cross-sectional study®® were in agreement with
the findings from RCTs (see online supplementary file for more
details).

Postnatal depressive symptoms

Overall, there was ‘low’ quality evidence from seven RCTs
(n=2795) regarding the association between prenatal exercise
and severity of postnatal depressive symptoms. The quality of
evidence was downgraded from ‘high’ to ‘very low’ because of
serious risk of bias and serious indirectness of the intervention.
Overall, prenatal exercise was not associated with reduction
in postnatal depressive symptoms compared with no exercise
(SMD: 0.05, 95% CI —0.02 to 0.12, I*=0%; figure 4).

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 Exercise only
Guelfi, 2016 1 85 3 87 3.8% 0.33[0.03, 3.27]
Haakstad, 2016 3 52 9 53 8.2% 0.30[0.08, 1.18] e —
Perales, 2015 10 83 16 59 13.5% 0.37 [0.15, 0.88] -
Perales, 2014 7 44 25 53 12.2% 0.21[0.08, 0.56] -
Perales, 2015 11 90 19 77 14.3% 0.43[0.19, 0.96] -
Subtotal (95% Cl) 354 329 52.0% 0.33[0.21, 0.53] <o
Total events 32 72
Heterogeneity: Tau? = 0.00; Chi? = 1.25, df = 4 (P = 0.87); 1= 0%
Test for overall effect: Z = 4.65 (P < 0.00001)
2.1.2 Exercise plus cointervention
Dodd, 2016 65 695 62 687 21.2% 1.04 [0.72, 1.50] "
Phelan, 2014 8 128 10 133 12.3% 0.82[0.31, 2.15] B
Poston, 2013 16 80 14 75  14.5% 1.09 [0.49, 2.42] -
Subtotal (95% CI) 903 895 48.0% 1.02 [0.75, 1.40] 2 2
Total events 89 86
Heterogeneity: Tau? = 0.00; Chi? = 0.23, df = 2 (P = 0.89); 1= 0%
Test for overall effect: Z=0.13 (P = 0.89)
Total (95% ClI) 1257 1224 100.0% 0.55 [0.34, 0.90] S
Total events 121 158
Heterogeneity: Tau? = 0.25; Chi? = 16.99, df = 7 (P = 0.02); I = 59% =0.01 0f1 1 1=0 100’

Test for overall effect: Z = 2.40 (P = 0.02)

Favours exercise Favours control

Test for subaroup differences: Chi? = 15.48, df = 1 (P < 0.0001), I = 93.5%

Figure 3  Effects of prenatal exercise-only versus exercise+cointervention compared with control on prenatal depression (randomised controlled
trials). Analyses conducted with a random effects model. M-H, Mantel-Haenszel method.
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Experimental

Control

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
9.1.1 Exercise only

Cutinho, 2016 348 3.36 80 3.61 3.55 80 57% -0.04 [-0.35, 0.27]

Field, 2013 243 14 40 245 103 40  2.9% -0.02 [-0.45, 0.42]

Mohammadi, 2015 - 1 month 7.66 5.46 19 746 45 18 1.3% 0.04 [-0.61, 0.68]

Mohammadi, 2015 - 2 month 6.58 4.63 19 6.5 5.12 18 1.3% 0.02 [-0.63, 0.66]

Sonoygard, 2012 252 33 379 252 29 340 257% 0.00[-0.15, 0.15] —
Subtotal (95% CI) 537 496 37.0% -0.01 [-0.13, 0.12] -
Heterogeneity: Tau? = 0.00; Chi? = 0.07, df = 4 (P = 1.00); I = 0%

Test for overall effect: Z = 0.08 (P = 0.93)

9.1.2 Exercise plus cointervention

Dodd, 2016 534 451 597 502 43 624 43.7% 0.07 [-0.04, 0.18] T
Phelan, 2014 - 12 months 56 4.2 64 49 41 67 4.7% 0.17 [-0.18, 0.51] I

Phelan, 2014 - 6 months 51 42 64 44 36 67  4.7% 0.18[-0.17, 0.52] —

Ussher, 2015 6.8 48 146 6.6 4.7 133 10.0% 0.04 [-0.19, 0.28] I
Subtotal (95% CI) 871 891 63.0% 0.08 [-0.01, 0.18] >
Heterogeneity: Tau? = 0.00; Chi? = 0.68, df =3 (P = 0.88); I? = 0%

Test for overall effect: Z=1.73 (P = 0.08)

Total (95% Cl) 1408 1387 100.0% 0.05 [-0.02, 0.12] ’

Heterogeneity: Tau? = 0.00; Chi? = 2.00, df = 8 (P = 0.98); I = 0%
Test for overall effect: Z = 1.33 (P = 0.18)
Test for subaroup differences: Chi2 = 1.25, df = 1 (P = 0.26), 12 = 20.0%

05 -025 0 025 05
Favours exercise Favours control

Figure 4 Effects of prenatal exercise-only versus exercise+cointervention compared with control on postnatal depressive symptoms (randomised
controlled trials). Analyses conducted with a random effects model. 1V, inverse variance.

Sensitivity analysis

The pooled estimate for the exercise-only interventions was
not significantly different than the exercise+cointervention
subgroups (p=0.26). Prenatal exercise-only interventions did
not affect the severity of depressive symptoms in the postpartum
period (figure 4).

Subgroup analyses

Stratification by exercise type showed no statistically significant
difference in odds of developing postnatal depressive symptoms.
The remaining subgroup analyses on exercise-only intervention
could not be conducted due to a lack of studies with relevant
subgroups.

Other study designs

The findings from three non-randomised interventions,
one cohort study*® and one cross-sectional study’? are presented
in the online supplementary file.

38 40 51

Postnatal depression

Overall, there was ‘very low’ quality evidence from four RCTs
(n=2536) regarding the association between prenatal exercise
and postnatal depression. The quality of evidence was down-
graded from ‘high’ to ‘very low’ because of serious risk of bias,
serious imprecision and serious indirectness of the interven-
tion. Overall, prenatal exercise did not decrease the odds of
having depression in the postpartum period compared with
no exercise (OR 0.91, 95%CI 0.61 to 1.36, ?’=8%; online
supplementary figure 18).

Sensitivity analysis

The pooled estimate for the exercise-only interventions was not
significantly different than the pooled estimate for the exer-
cise+cointervention subgroups (p=0.12). Prenatal exercise-only
interventions did not affect the odds of depression in the post-
partum period (online supplementary figure 18).

Subgroup analyses

Stratification by exercise type indicated no statistically signifi-
cant difference in odds of developing postnatal depression (see
online supplementary figure 19). The remaining subgroup anal-
yses on exercise-only intervention could not be conducted due to
a lack of studies with relevant subgroups.

Other study designs

There was ‘very low’ quality evidence (downgraded due to
serious risk of bias and serious inconsistency) from one cohort
study (n=1305)*? showing a reduced odds of postnatal with
prenatal exercise (OR 0.79, 95% CI 0.70 to 0.89; online supple-
mentary figure 20).

Prenatal state anxiety symptoms

Overall, there was ‘very low’ quality evidence from eight RCTs
(n=17835) regarding the association between prenatal exercise
and prenatal state anxiety symptoms.*® The quality of evidence
was downgraded from ‘high’ to ‘very low’ because of serious
risk of bias, serious imprecision and serious indirectness of the
intervention. Overall, prenatal exercise was not associated with
a reduction in prenatal state anxiety symptoms compared with
no exercise (pooled estimate based on seven RCTs, n=1689;
SMD: 0.06, 95%CI —0.04 to 0.15, I*=0%; online supple-
mentary figure 21). The one superiority trial that could not be
included in the meta-analysis showed an improvement in state
anxiety symptoms with yoga (n=51), but not with other forms
of antenatal exercise (n=45).%°

Sensitivity analyses

The pooled estimate for the exercise-only interventions was not
significantly different than the pooled estimate for exercise+-
cointervention subgroups (p=0.79). Prenatal exercise-only
interventions did not affect the severity of prenatal state anxiety
symptoms during pregnancy in either group (online supplemen-
tary figure 21).
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7of 11


https://dx.doi.org/10.1136/bjsports-2018-099697
https://dx.doi.org/10.1136/bjsports-2018-099697
https://dx.doi.org/10.1136/bjsports-2018-099697
https://dx.doi.org/10.1136/bjsports-2018-099697
https://dx.doi.org/10.1136/bjsports-2018-099697
https://dx.doi.org/10.1136/bjsports-2018-099697
https://dx.doi.org/10.1136/bjsports-2018-099697
https://dx.doi.org/10.1136/bjsports-2018-099697
https://dx.doi.org/10.1136/bjsports-2018-099697
https://dx.doi.org/10.1136/bjsports-2018-099697

Experimental Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 Women with depression

Davis, 2015 34.8 10.68 20 38.79 13.7 19 14.2% -0.32[-0.95, 0.31] - 1
Field, 2013a 46.1 7.9 37 443 114 38 27.7% 0.18 [-0.27, 0.63] =
Field, 2012 426 8.85 11 38.96 9.11 21 10.5% 0.39[-0.34, 1.13]

Field, 2013 48.34 8.1 39 4744 84 40 29.2% 0.11[-0.33, 0.55] [
Subtotal (95% CI) 107 118  81.6% 0.09 [-0.17, 0.36] .
Heterogeneity: Tau? = 0.00; Chi? = 2.42, df = 3 (P = 0.49); I>=0%

Test for overall effect: Z=0.70 (P = 0.48)

1.6.2 General population

Newham, 2014 29.66 9.58 29 32.18 8.35 22 18.4% -0.27 [-0.83, 0.28] R
Subtotal (95% CI) 29 22 18.4% -0.27 [-0.83, 0.28] ——
Heterogeneity: Not applicable

Test for overall effect: Z = 0.96 (P = 0.34)

Total (95% CI) 136 140 100.0% 0.03 [-0.21, 0.27] ?

Heterogeneity: Tau? = 0.00; Chi? = 3.79, df =4 (P = 0.43); I?= 0%
Test for overall effect: Z=0.22 (P = 0.82)
Test for subaroup differences: Chi? = 1.37, df = 1 (P = 0.24), I?=27.1%

4 05 0 05 1
Favours exercise Favours control

Figure 5 Effects of prenatal exercise compared with control on prenatal state anxiety symptoms (randomised controlled trials). Subgroup analyses
were conducted with studies including women with depression prior to the intervention with women who without depression (defined as ‘general
population’). Analyses conducted with a random effects model. 1V, inverse variance.

Subgroup analyses
The tests for subgroup differences performed for exercise-only
interventions were not statistically significant (figure 5).

Other study designs

The findings from one non-randomised intervention®* and one
cohort study*” were in agreement with the findings from RCT. In
contrast, one cross-sectional study®® did not report a reduction
in prenatal state anxiety symptoms with prenatal exercise. See
online supplementary file for more details.

Prenatal state anxiety

Overall, there was ‘very low’ quality evidence from two
RCTs of exercise +cointervention (n=1534)> ¢ regarding the
association between prenatal exercise and odds of prenatal
state anxiety. The quality of evidence was downgraded from
‘high’ to ‘very low’ because of serious risk of bias, serious
indirectness of the intervention and serious imprecision.
Overall, prenatal exercise was not associated with lower odds
of prenatal state anxiety compared with no exercise (OR:
1.12, 95%CI 0.85 to 1.48, I°’=0%; online supplementary
figure 22).

Sensitivity analysis
Sensitivity analysis could not be conducted as there were no
exercise-only interventions.

Prenatal trait anxiety symptoms

Overall, there was ‘low’ quality evidence from two RCTs of
exercise-only interventions (n=90)" regarding the association
between prenatal exercise and severity of prenatal trait anxiety
symptoms. The quality of evidence was downgraded from ‘high’
to ‘low’ because of serious risk of bias and serious imprecision.
Overall, prenatal exercise was not associated with a decrease
in prenatal trait anxiety symptoms compared with no exercise
(SMD: —0.21, 95%CI —0.63 to 0.20, I*=0%j online supple-
mentary figure 25). The one superiority trial that could not be
included in the meta-analysis showed an improvement in trait
anxiety symptoms with yoga (n=51), but not with other ante-
natal exercise (n=45).3¢

Sensitivity analysis
Sensitivity analysis could not be conducted as there were no
exercise+cointervention.

Other study designs

Findings from one non-randomised intervention®® and one case
control study® were in agreement with findings from RCTs
(online supplementary figures 26 and 27), while a cross-sec-
tional’® study demonstrated a reduction in the severity of
prenatal trait anxiety symptoms in women who exercised
during pregnancy compared with those who were inactive
(n=203; SMD: —0.73,95% CI —1.02 to —0.45; online supple-
mentary figure 28).

Prenatal trait anxiety

Overall, there was ‘very low” quality evidence from one RCT
of exercise+cointerventions (n=161) regarding the associa-
tion between prenatal exercise and prenatal trait anxiety.”® The
quality of evidence was downgraded from ‘high’ to ‘very low’
because of serious risk of bias, serious indirectness and serious
inconsistency. Overall, prenatal exercise was not associated
with lower odds of prenatal trait anxiety compared with no
exercise (OR: 0.75,95% CI 0.36 to 1.56; online supplementary
figure 29).

Postnatal state anxiety symptoms

Overall, there was ‘very low’ quality evidence from two RCTs
(n=1299)%¢ ¢ regarding the association between prenatal
exercise and postpartum state anxiety symptoms. The quality
of evidence was downgraded from ‘high’ to ‘very low” because
of serious risk of bias, serious indirectness of the intervention
and serious imprecision. Overall, prenatal exercise was not
associated with reduction in postpartum state anxiety symp-
toms compared with no exercise (SMD: 0.01, 95% CI —0.10
to 0.12, I*’=0%j; online supplementary figure 30).

Sensitivity analysis

The pooled estimate for the exercise-only interventions
was not significantly different than the pooled estimate for
the exercise+cointervention subgroups (p=0.99). Prenatal
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exercise-only interventions did not affect the severity of post-
natal state anxiety symptoms (online supplementary figure
30).

Postnatal state anxiety

Overall, there was ‘very low’ quality evidence from one exer-
cise+cointervention RCT (n=1220)°° regarding the associa-
tion between prenatal exercise and postnatal state anxiety. The
quality of evidence was downgraded from ‘high’ to ‘very low’
because of serious risk of bias, serious indirectness and serious
inconsistency. Overall, prenatal exercise was not associated
with lower odds of postnatal state anxiety compared with no
exercise (OR: 1.28, 95% CI 0.91 to 1.80; online supplemen-
tary figure 31).

DISCUSSION

The main finding of our systematic review was that exer-
cise-only interventions were associated with a reduction in the
severity of prenatal depressive symptoms (SMD —0.39), and
this reduction was greatest in women who were supervised
during exercise. Pregnant women need to accumulate at least
644 MET-min/week of moderate-to-vigorous intensity exer-
cise (eg, 150 min of moderate intensity exercise, such as brisk
walking, water aerobics, stationary cycling, resistance training)
in order to achieve a moderate effect size in the reduction in
the severity of prenatal depressive symptoms. There appears
to be a dose-dependent association of this benefit. A greater
volume of exercise was associated with a greater reduction in
the severity of prenatal depressive symptoms. Further, exer-
cise-only interventions were associated with a 67% reduction
in the odds of developing prenatal depression.

Postnatal depression—symptoms and diagnosis—was not
reduced by prenatal exercise. There was no association between
prenatal exercise and anxiety or the severity of anxiety symp-
toms in the prenatal or postnatal period.

SENSITIVITY ANALYSIS
Sensitivity analyses comparing trials with cointerventions
(diet+exercise; education classes+exercise; smoking cessa-
tion programme+exercise) against trials without cointerven-
tions lowered heterogeneity within each group (11% and 0%,
respectively). There was a significant difference between the
two types of interventions; severity of depressive symptoms
was lower postintervention in standalone exercise trials than
for trials including cointerventions. The lack of improvement
in depressive symptoms in response to a co-intervention may
have been due to the fact that women were required to change
multiple behaviours at once, in addition to responding to the
demands of pregnancy.®' Thus, setting realistic and incremental
goals may be important considerations when prescribing exer-
cise in the treatment of depression.®

Supervised exercise was associated with a moderate reduc-
tion in the severity of depressive symptoms. This may be
partially explained by the social support women in super-
vised interventions received; low social support is a known
correlate of depression.'® It has been suggested that supervi-
sion enhances compliance and effectiveness of interventions.®
However, because adherence was either not reported by the
authors in a standard manner or not reported at all, we were
not able to analyse the effects of the exercise-only interven-
tions in compliant versus non-compliant women to focus on
the issue of compliance.

What mechanisms may underpin these epidemiological
findings?

Rauff and Downs suggested that improvement in body image
may be a factor mediating the positive relationship between
exercise and reduced depression or depressive symptoms
during pregnancy.®* Physiological mechanisms have also been
proposed. In non-pregnant populations, aerobic exercise
may normalise dopamine-serotonin levels and reduce stress,
resulting in a subsequent decrease in anxiety and depres-
sion.® ®® Depression has been suggested to result, at least in
part, from dysregulation of biochemical and neurophysiolog-
ical function including attenuated release of norepinephrine,
serotonin and dopamine.®” Exercise may counteract these
effects by increasing the release of dopamine and serotonin as
well as blunting the release of cortisol in response to stress.®®
In our systematic review of exercise-only interventions, both
yoga and aerobic exercise had a small effect size in reducing
the severity of depressive symptoms. However, these data were
from a small number of trials and women; thus, additional
studies examining the potential impact of different types of
exercise are warranted.

Is there a carryover benefit into the postpartum period?
Prenatal exercise-only interventions had no impact on depres-
sive symptoms or the incidence of depression during the post-
partum period. However, a recent meta-analysis suggested that
exercise interventions initiated during the postpartum period
(at least 4 weeks after delivery) reduced the severity of depres-
sive symptoms.*’

We highlight that no trials examined populations with diag-
nosed clinical anxiety disorders. Our meta-analysis does not
extend to the efficacy of exercise in the treatment of anxiety
disorders (generalised anxiety disorder, panic disorder, social
anxiety disorder, among others).

Strengths of this review include our broad inclusion criteria
covering all studies types (except case studies), grey litera-
ture and three languages (English, French and Spanish from
19 countries). We applied rigorous methodology (GRADE,
PRISMA) to the systematic review process and evaluation of
the quality of evidence. Subgroup analyses allowed identifi-
cation of possible sources of heterogeneity; however, statis-
tical heterogeneity was still moderate within subgroups. There
was also considerable variability regarding the tools used to
measure depression/depressive symptoms, with the majority
of trials using either the CES-D or EPDS. As noted by Gong
(2015), the CES-D, while a validated measure of perinatal
depression, may misattribute some of the somatic symp-
toms associated with pregnancy (lack of energy, tiredness)
to depression, which may have underestimated the effective-
ness of exercise interventions. Five trials examined prenatal
exercise and depression or anxiety and showed considerable
baseline differences in depression and anxiety. However, an
exploratory sensitivity analysis performed without these trials
had no significant impact on findings. Finally, some of the
trials included in our review included women who were using
antidepressants, an important confounding variable, that may
have influenced the findings.

CONCLUSION

Overall, prenatal exercise reduced the odds of prenatal depres-
sion and the severity of depressive symptoms. This positive
effect of prenatal exercise did not extend to the postpartum
period or prenatal or postnatal anxiety.
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What are the new findings?

» Exercise-only interventions reduced the severity of prenatal
depressive symptoms with an effect size similar to that found
for psychological treatments in depressed prenatal women.

» 0dds of prenatal depression were reduced by 67% in women
who engaged in prenatal exercise.

» The benefits of prenatal exercise on depression or depressive
symptoms did not extend into the postpartum period.

» To achieve at least a moderate reduction in the severity of
prenatal depressive symptoms, pregnant women needed
to accumulate at least 644 MET-min/week of exercise (eg,
150 min of moderate intensity exercise, such as brisk walking,
water aerobics, stationary cycling, resistance training).

What is already known?

» Depression and anxiety during and following pregnancy
impact the short-term and long-term health issues for mother
and child.

» Exercise prevents and treat anxiety and depression in non-
pregnant populations. Whether exercise prevents and treats
mental health issues during pregnancy is poorly understood.
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