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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=131 406) 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 
−0.51 to –0.25, I2=10%) and the odds of prenatal 
depression by 67% (5 RCTs, n=683; OR: 0.33, 95% CI 
0.21 to 0.53, I2=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.1 Pregnant 
and postpartum women are particularly vulnerable 
to declining mental health as a result of elevated 
stress and lack of social support.2 Depression affects 
approximately 13% and anxiety affects up to 39% 
of pregnant and postpartum women;3 4 however, 

it is generally accepted that both conditions are 
underdiagnosed and undertreated during the peri-
natal period.5 6 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.7–9 Maternal depression 
and anxiety have also been linked with delays in 
offspring development (cognitive, emotional and 
social development).10 10–13 Standard treatments for 
depression and anxiety include pharmacological 
and psychological intervention14–16 but the long-
term impact of some medications on the fetus has 
not been established7 16 and psychotherapy can be 
costly and difficult to access.17 18 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, a moderate 
effect size).19 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.20 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.21–23 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).24 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.25

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.25

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).21 26 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.21 22 26

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.27 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 Handbook28; risk of bias in observational studies was 
assessed using the characteristics recommended by Guyatt et al.29 
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 
‘low’.

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).28

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 
(I2≥50%) or when only one study was assessed (I2 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>25.0 kg/m2) prior to pregnancy compared with samples 
of women who were of various BMI (mean BMI<25 kg/m2 but 
possibly with some individuals with BMI>25.0 kg/m2; named 
‘general population’); (3) women>35 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 I2 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.30 Dose-re-
sponse meta-regression31 32 was carried out by weighted no-inter-
cept regression of log OR with a random effects for study, using 
the metafor33 package in R34 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 variable35 were 
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Figure 1 Flow diagram of studies selected for the present study.

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=131 406 women) from 19 coun-
tries were included. There were 26 RCTs, 7 non-randomised 
intervention, 10 cohort, 6 cross-sectional and 3 case control 
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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.

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 >49.9 min 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, I2=63%; figure 2). 
Two exercise-only interventions could not be included in the 
meta-analysis36 37 (see online supplementary file). In the first 
RCT, there was no influence of prenatal exercise on the severity 
of depressive symptoms during pregnancy.37 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.36
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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.

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, I2=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,38–41 one 
cohort42 and three cross-sectional studies43–45 were in agreement 
with the findings from RCTs. In contrast, findings from three 
cohort studies46–48 and one case-control study49 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, I2=59%; 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, I2=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,39 one cohort 
study47 and one cross-sectional study50 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, I2=0%; figure 4).
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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. IV, 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,38 40 51 
one cohort study46 and one cross-sectional study52 are presented 
in the online supplementary file.

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, I2=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)53 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=1785) regarding the association between prenatal exercise 
and prenatal state anxiety symptoms.36 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, I2=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).36

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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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. IV, 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 intervention54 and one 
cohort study47 were in agreement with the findings from RCT. In 
contrast, one cross-sectional study38 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)55 56 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, I2=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)57 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, I2=0%; 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).36

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

Other study designs
Findings from one non-randomised intervention58 and one case 
control study49 were in agreement with findings from RCTs 
(online supplementary figures 26 and 27), while a cross-sec-
tional59 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.55 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)56 60 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, I2=0%; 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)56 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.61 Thus, setting realistic and incremental 
goals may be important considerations when prescribing exer-
cise in the treatment of depression.62

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.16 It has been suggested that supervi-
sion enhances compliance and effectiveness of interventions.63 
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.64 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.65 66 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.67 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.68 
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.20

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.

 on 19 O
ctober 2018 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2018-099697 on 18 O
ctober 2018. D

ow
nloaded from

 

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
http://bjsm.bmj.com/


10 of 11 Davenport MH, et al. Br J Sports Med 2018;52:1376–1385. doi:10.1136/bjsports-2018-099697

Review

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.

 ► Odds 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.

Author affiliations
1Program for Pregnancy and Postpartum Health, Physical Activity and Diabetes 
Laboratory, Faculty of Kinesiology, Sport, and Recreation, Women and Children’s 
Health Research Institute, Alberta Diabetes Institute, University of Alberta, Edmonton, 
Alberta, Canada
2R. Samuel McLaughlin Foundation-Exercise and Pregnancy Laboratory, School of 
Kinesiology, Faculty of Health Sciences, Department of Anatomy and Cell Biology, 
Schulich School of Medicine and Dentistry, Children’s Health Research Institute, The 
University of Western Ontario, London, Ontario, Canada
3Cardiff School of Sport and Health Sciences, Cardiff Metropolitan University, Cardiff, 
UK
4Independent Researcher, Ottawa, Ontario, Canada
5Healthy Active Living and Obesity Research Group, Children’s Hospital of Eastern 
Ontario Research Institute, Ottawa, Ontario, Canada
6Clinical Research Unit, Children’s Hospital of Eastern Ontario Research Institute, 
Ottawa, Ontario, Canada
7Department of Anatomy, Universite du Quebec a Trois-Rivieres, Trois-Rivieres, 
Quebec, Canada
8Alberta Research Centre for Health Evidence, Faculty of Medicine and Dentistry, 
University of Alberta, Edmonton, Alberta, Canada
9John W. Scott Health Sciences Library, University of Alberta, Edmonton, Alberta, 
Canada
10Facultad de Ciencias de la Actividad Física y del Deporte-INEF, Universidad 
Politécnica de Madrid, Madrid, Spain
11School of Human Kinetics, Faculty of Health Sciences, University of Ottawa, Ottawa, 
Ontario, Canada
12Department of Obstetrics and Gynecology, Queen’s University, Kingston, Ontario, 
Canada
13Department of Human Kinetics, Universite du Quebec a Trois-Rivieres, Trois-Rivieres, 
Quebec, Canada

Acknowledgements We would like to thank Bailey Shandro (UAlberta), 
Anne Courbalay (UQTR) and Meghan Sebastianski (Alberta SPOR SUPPORT Unit 
Knowledge Translation Platform), University of Alberta for their assistance with the 
meta-analysis. We also thank Dr Linda May for her critical review of the manuscript.
The authors wish to acknowledge Mary Duggan from the Canadian Society 
forExercise Physiology which is one of the primary knowledge users. 

Contributors MHD, S-MR, MFM, GAD and KBA contributed to the conception of 
the study. MHD, S-MR, MFM, GAD, KBA, AJG, NB, VJP, CEG, LGS and RB contributed 
to the design of the study and development of the search strategy. LGS conducted 
the systematic search. APM, RS, VLM, LR, FS, MJ, TN, A-AM and MN completed the 
acquisition of data. MHD and NB performed the data analysis. All authors assisted 
with the interpretation. MHD and APM were the principal writers of the manuscript. 
All authors contributed to the drafting and revision of the final article. All authors 
approved the final submitted version of the manuscript.

Funding This project was funded by a Canadian Institute of Health Research 
Knowledge Synthesis Grant (140995). MHD is funded by an Advancing Women’s 
Heart Health Initiative New Investigator Award supported by Health Canada and the 
Heart and Stroke Foundation of Canada (RES0033140). RS is funded by a Canadian 
Institutes for Health Research Doctoral Research Award (146252). A-AM is funded by 
a Fonds de Recherche du Québec–Santé Doctoral Research Award (34399). 

Competing interests None declared.

Patient consent Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

RefeRences
 1 Friedrich MJ. Depression is the leading cause of disability around the world. JAMA 

2017;317:1517.
 2 Biaggi A, Conroy S, Pawlby S, et al. Identifying the women at risk of antenatal anxiety 

and depression: A systematic review. J Affect Disord 2016;191:62–77.
 3 Gaynes BN, Gavin N, Meltzer-Brody S, et al. Perinatal depression: prevalence, 

screening accuracy, and screening outcomes. Evid Rep Technol Assess 2005;119:1–8.
 4 Leach LS, Poyser C, Fairweather-Schmidt K. Maternal perinatal anxiety: A review of 

prevalence and correlates. Clin Psychol 2017;21:4–19.
 5 Goodman JH, Chenausky KL, Freeman MP. Anxiety disorders during pregnancy: a 

systematic review. J Clin Psychiatry 2014;75:e1153–e1184.
 6 Grigoriadis S, VonderPorten EH, Mamisashvili L, et al. The impact of maternal 

depression during pregnancy on perinatal outcomes: a systematic review and meta-
analysis. J Clin Psychiatry 2013;74:e321–e341.

 7 Field T. Postpartum depression effects on early interactions, parenting, and safety 
practices: a review. Infant Behav Dev 2010;33:1–6.

 8 Arteche A, Joormann J, Harvey A, et al. The effects of postnatal maternal depression 
and anxiety on the processing of infant faces. J Affect Disord 2011;133(1-
2):197–203.

 9 Dennis CL, McQueen K. The relationship between infant-feeding outcomes and 
postpartum depression: a qualitative systematic review. Pediatrics 2009;123:e73
6–e751.

 10 Halligan SL, Herbert J, Goodyer IM, et al. Exposure to postnatal depression predicts 
elevated cortisol in adolescent offspring. Biol Psychiatry 2004;55:376–81.

 11 Jones NA, Field T, Almeida A. Right frontal EEG asymmetry and behavioral inhibition in 
infants of depressed mothers. Infant Behav Dev 2009;32:298–304.

 12 Sohr-Preston SL, Scaramella LV. Implications of timing of maternal depressive 
symptoms for early cognitive and language development. Clin Child Fam Psychol Rev 
2006;9:65–83.

 13 Thurgood S, Avery DM, Williamson L, et al. Postpartum depression (PPD). American 
Journal of Clinical Medicine 2009;6:17–22.

 14 Horowitz JA, Goodman JH. Identifying and treating postpartum depression. J Obstet 
Gynecol Neonatal Nurs 2005;34:264–73.

 15 Sockol LE, Epperson CN, Barber JP. Preventing postpartum depression: a meta-analytic 
review. Clin Psychol Rev 2013;33:1205–17.

 16 O’hara MW, Swain AM. Rates and risk of postpartum depression—a meta-analysis. 
International Review of Psychiatry 1996;8:37–54.

 17 Dennis CL, Chung-Lee L. Postpartum depression help-seeking barriers and maternal 
treatment preferences: a qualitative systematic review. Birth 2006;33:323–31.

 18 Gjerdingen DK, Yawn BP. Postpartum depression screening: importance, methods, 
barriers, and recommendations for practice. J Am Board Fam Med 2007;20:280–8.

 19 Cooney GM, Dwan K, Greig CA, et al. Exercise for depression. Cochrane Database 
Syst Rev 2013;9:CD004366.

 20 McCurdy AP, Boulé NG, Sivak A, et al. Effects of exercise on mild-to-moderate 
depressive symptoms in the postpartum period: a meta-analysis. Obstet Gynecol 
2017;129:1087–97.

 21 Davies GA, Wolfe LA, Mottola MF, et al. Joint SOGC/CSEP clinical practice 
guideline: exercise in pregnancy and the postpartum period. Can J Appl Physiol 
2003;28:329–41.

 22 American College of Sports Medicine. ACSM's Guidelines for Exercise Testing and 
Prescription. 9 edn. Philadelphia: Wolters Kluwer/Lippincott, Williams & Wilkins, 2013.

 23 ACOG Committee opinion. No 267, January 2002: exercise during pregnancy and the 
postpartum period. Clin Obstet Gynecol 2002;99:171–3.

 24 Mottola MF, Davenport MH, Ruchat S-M, et al. 2019 Canadian guideline for physical 
activity throughout pregnancy. Br J Sports Med 2018;52:1339–46.

 25 Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for systematic review 
and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015;4:1.

 26 ACOG Committee opinion no. 650: physical activity and exercise during pregnancy 
and the postpartum period. Obstet Gynecol 2015;126:e135–e142.

 27 Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical 
fitness: definitions and distinctions for health-related research. Public Health Rep 
1985;100:126–31.

 28 Cochrane Collaboration. The Cochrane Collaboration’s Tool for Assessing Risk of Bias, 
2017. http://handbook cochrane org/chapter_8/8_5_the_cochrane_collaborations_
tool_for_assessing_risk_of_bias htm.

 on 19 O
ctober 2018 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2018-099697 on 18 O
ctober 2018. D

ow
nloaded from

 

http://dx.doi.org/10.1001/jama.2017.3826
http://dx.doi.org/10.1016/j.jad.2015.11.014
http://www.ncbi.nlm.nih.gov/pubmed/15760246
http://dx.doi.org/10.1111/cp.12058
http://dx.doi.org/10.4088/JCP.14r09035
http://dx.doi.org/10.4088/JCP.12r07968
http://dx.doi.org/10.1016/j.infbeh.2009.10.005
http://dx.doi.org/10.1016/j.jad.2011.04.015
http://dx.doi.org/10.1542/peds.2008-1629
http://dx.doi.org/10.1016/j.biopsych.2003.09.013
http://dx.doi.org/10.1016/j.infbeh.2009.04.004
http://dx.doi.org/10.1007/s10567-006-0004-2
http://dx.doi.org/10.1177/0884217505274583
http://dx.doi.org/10.1177/0884217505274583
http://dx.doi.org/10.1016/j.cpr.2013.10.004
http://dx.doi.org/10.3109/09540269609037816
http://dx.doi.org/10.1111/j.1523-536X.2006.00130.x
http://dx.doi.org/10.3122/jabfm.2007.03.060171
http://dx.doi.org/10.1097/AOG.0000000000002053
http://dx.doi.org/10.1139/h03-024
http://dx.doi.org/10.1136/bjsports-2018-100056
http://dx.doi.org/10.1186/2046-4053-4-1
http://dx.doi.org/10.1097/AOG.0000000000001214
http://www.ncbi.nlm.nih.gov/pubmed/3920711
http://handbook%20cochrane%20org/chapter_8/8_5_the_cochrane_collaborations_tool_for_assessing_risk_of_bias%20htm
http://handbook%20cochrane%20org/chapter_8/8_5_the_cochrane_collaborations_tool_for_assessing_risk_of_bias%20htm
http://bjsm.bmj.com/


11 of 11Davenport MH, et al. Br J Sports Med 2018;52:1376–1385. doi:10.1136/bjsports-2018-099697

Review

 29 Guyatt GH, Oxman AD, Vist G, et al. GRADE guidelines: 4. Rating the quality of 
evidence–study limitations (risk of bias). J Clin Epidemiol 2011;64:407–15.

 30 The Cochrane Collaboration. Cochrane Handbook for Systematic Reviews of 
Interventions. 5.1.0 edn, 2011.

 31 Greenland S, Longnecker MP. Methods for trend estimation from summarized dose-
response data, with applications to meta-analysis. Am J Epidemiol 1992;135:1301–9.

 32 Orsini N, Li R, Wolk A, et al. Meta-analysis for linear and nonlinear dose-response 
relations: examples, an evaluation of approximations, and software. Am J Epidemiol 
2012;175:66–73.

 33 Viechtbauer W. Conducting Meta-Analyses in R with the metafor Package. J Stat 
Softw 2010;36:1–48.

 34 R Core Team. A language and environment for statistical computing. Vienna, Austria: 
R Foundation for Statistical Computing, editor, 2017.

 35 Harrell FE. Regression Modeling Strategies with Applications to Linear Models, 
Logistic and Ordinal Regression and Survival Analysis. 2nd edn. Cham: Springer-
Verlag, 2015.

 36 Satyapriya M, Nagarathna R, Padmalatha V, et al. Effect of integrated yoga on 
anxiety, depression & well being in normal pregnancy. Complement Ther Clin Pract 
2013;19:230–6.

 37 Gustafsson MK, Stafne SN, Romundstad PR, et al. The effects of an exercise 
programme during pregnancy on health-related quality of life in pregnant women: a 
Norwegian randomised controlled trial. BJOG 2016;123:1152–60.

 38 Guszkowska M, Langwald M, Sempolska K. Does physical exercise help maintain 
mental health during pregnancy? A comparison of changes in mental health in 
participants of physical exercise classes and childbirth classes. J Phys Act Health 
2015;12:30–6.

 39 El-Rafie MM, Khafagy GM, Gamal MG. Effect of aerobic exercise during pregnancy on 
antenatal depression. Int J Womens Health 2016;8:53–7.

 40 Claesson IM, Klein S, Sydsjö G, et al. Physical activity and psychological well-being 
in obese pregnant and postpartum women attending a weight-gain restriction 
programme. Midwifery 2014;30:11–16.

 41 Kalayeh S, Nikbakht R, Seddigi S. The effect of exercise during pregnancy on 
mother’s depression in zahedan. International Journal of Pharmacy and Technology 
2016;8:12248–62.

 42 Downs DS, DiNallo JM, Kirner TL. Determinants of pregnancy and postpartum 
depression: prospective influences of depressive symptoms, body image satisfaction, 
and exercise behavior. Ann Behav Med 2008;36:54–63.

 43 Loprinzi PD, Cardinal BJ, Loprinzi KL, et al. Benefits and environmental determinants 
of physical activity in children and adolescents. Obes Facts 2012;5:597–610.

 44 Petrovic D, Perovic M, Lazovic B, et al. Association between walking, dysphoric 
mood and anxiety in late pregnancy: A cross-sectional study. Psychiatry Res 
2016;246:360–3.

 45 de Wit L, Jelsma JG, van Poppel MN, et al. Physical activity, depressed mood and 
pregnancy worries in European obese pregnant women: results from the DALI study. 
BMC Pregnancy Childbirth 2015;15:158.

 46 Bershadsky S, Trumpfheller L, Kimble HB, et al. The effect of prenatal Hatha 
yoga on affect, cortisol and depressive symptoms. Complement Ther Clin Pract 
2014;20:106–13.

 47 Da Costa D, Rippen N, Dritsa M, et al. Self-reported leisure-time physical activity 
during pregnancy and relationship to psychological well-being. J Psychosom Obstet 
Gynaecol 2003;24:111–9.

 48 Goodwin A, Astbury J, McMeeken J. Body image and psychological well-being in 
pregnancy. A comparison of exercisers and non-exercisers. Aust N Z J Obstet Gynaecol 
2000;40:442–7.

 49 Gaston A, Prapavessis H, Tired PH. Tired, moody and pregnant? Exercise may be the 
answer. Psychol Health 2013;28:1353–69.

 50 Bowen A, Stewart N, Baetz M, et al. Antenatal depression in socially high-risk women 
in Canada. J Epidemiol Community Health 2009;63:414–6.

 51 Battle CL, Uebelacker LA, Magee SR, et al. Potential for prenatal yoga to serve 
as an intervention to treat depression during pregnancy. Womens Health Issues 
2015;25:134–41.

 52 Ersek JL, Brunner Huber LR. Physical activity prior to and during pregnancy 
and risk of postpartum depressive symptoms. J Obstet Gynecol Neonatal Nurs 
2009;38:556–66.

 53 Strøm M, Mortensen EL, Halldorson TI, et al. Leisure-time physical activity in 
pregnancy and risk of postpartum depression: a prospective study in a large national 
birth cohort. J Clin Psychiatry 2009;70:1707–14.

 54 Beddoe AE, Paul Yang CP, Kennedy HP, et al. The effects of mindfulness-based yoga 
during pregnancy on maternal psychological and physical distress. J Obstet Gynecol 
Neonatal Nurs 2009;38:310–9.

 55 Miquelutti MA, Cecatti JG, Makuch MY. Evaluation of a birth preparation program on 
lumbopelvic pain, urinary incontinence, anxiety and exercise: a randomized controlled 
trial. BMC Pregnancy Childbirth 2013;13:154.

 56 Dodd JM, Newman A, Moran LJ, et al. The effect of antenatal dietary and lifestyle 
advice for women who are overweight or obese on emotional well-being: the LIMIT 
randomized trial. Acta Obstet Gynecol Scand 2016;95:309–18.

 57 Newham JJ, Wittkowski A, Hurley J, et al. Effects of antenatal yoga on maternal 
anxiety and depression: a randomized controlled trial. Depress Anxiety 
2014;31:631–40.

 58 Shim MJ, Lee YS, Oh HE, He O, et al. Effects of a back-pain-reducing program during 
pregnancy for Korean women: a non-equivalent control-group pretest-posttest study. 
Int J Nurs Stud 2007;44:19–28.

 59 Guszkowska M. Physical activity in relation to affective states and labor anxiety in 
pregnant women. Medicina Sportiva 2011;15:114–8.

 60 Field T, Diego M, Delgado J, et al. Yoga and social support reduce prenatal depression, 
anxiety and cortisol. J Bodyw Mov Ther 2013;17:397–403.

 61 Ussher M, Lewis S, Aveyard P, et al. Physical activity for smoking cessation in 
pregnancy: randomised controlled trial. BMJ 2015;350:h2145.

 62 Seime RJ, Vickers KS. The challenges of treating depression with exercise: from 
evidence to practice. Clinical Psychology: Science and Practice 2006;13:194–7.

 63 Choi J, Fukuoka Y, Lee JH. 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. 
Prev Med 2013;56:351–64.

 64 Rauff EL, Downs DS. Mediating effects of body image satisfaction on exercise 
behavior, depressive symptoms, and gestational weight gain in pregnancy. Ann Behav 
Med 2011;42:381–90.

 65 Heyman E, Gamelin FX, Goekint M, et al. Intense exercise increases circulating 
endocannabinoid and BDNF levels in humans–possible implications for reward and 
depression. Psychoneuroendocrinology 2012;37:844–51.

 66 Brändle E, Fritzsch G, Greven J. Affinity of different local anesthetic drugs and 
catecholamines for the contraluminal transport system for organic cations in proximal 
tubules of rat kidneys. J Pharmacol Exp Ther 1992;260:734–41.

 67 Cramer H, Lauche R, Langhorst J, et al. Yoga for depression: a systematic review and 
meta-analysis. Depress Anxiety 2013;30:1068–83.

 68 Syvälahti EK. Biological aspects of depression. Acta Psychiatr Scand Suppl 
1994;377:11–15.

 on 19 O
ctober 2018 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2018-099697 on 18 O
ctober 2018. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.jclinepi.2010.07.017
http://dx.doi.org/10.1093/oxfordjournals.aje.a116237
http://dx.doi.org/10.1093/aje/kwr265
http://dx.doi.org/10.18637/jss.v036.i03
http://dx.doi.org/10.18637/jss.v036.i03
http://dx.doi.org/10.1016/j.ctcp.2013.06.003
http://dx.doi.org/10.1111/1471-0528.13570
http://dx.doi.org/10.1123/jpah.2012-0393
http://dx.doi.org/10.2147/IJWH.S94112
http://dx.doi.org/10.1016/j.midw.2012.11.006
http://dx.doi.org/10.1007/s12160-008-9044-9
http://dx.doi.org/10.1159/000342684
http://dx.doi.org/10.1016/j.psychres.2016.10.009
http://dx.doi.org/10.1186/s12884-015-0595-z
http://dx.doi.org/10.1016/j.ctcp.2014.01.002
http://www.ncbi.nlm.nih.gov/pubmed/12854395
http://www.ncbi.nlm.nih.gov/pubmed/12854395
http://dx.doi.org/10.1111/j.1479-828X.2000.tb01178.x
http://dx.doi.org/10.1080/08870446.2013.809084
http://dx.doi.org/10.1136/jech.2008.078832
http://dx.doi.org/10.1016/j.whi.2014.12.003
http://dx.doi.org/10.1111/j.1552-6909.2009.01050.x
http://dx.doi.org/10.4088/JCP.09m05012blu
http://dx.doi.org/10.1111/j.1552-6909.2009.01023.x
http://dx.doi.org/10.1111/j.1552-6909.2009.01023.x
http://dx.doi.org/10.1186/1471-2393-13-154
http://dx.doi.org/10.1111/aogs.12832
http://dx.doi.org/10.1002/da.22268
http://dx.doi.org/10.1016/j.ijnurstu.2005.11.016
http://dx.doi.org/10.2478/v10036-011-0019-8
http://dx.doi.org/10.1016/j.jbmt.2013.03.010
http://dx.doi.org/10.1136/bmj.h2145
http://dx.doi.org/10.1111/j.1468-2850.2006.00022.x
http://dx.doi.org/10.1016/j.ypmed.2013.02.021
http://dx.doi.org/10.1007/s12160-011-9300-2
http://dx.doi.org/10.1007/s12160-011-9300-2
http://dx.doi.org/10.1016/j.psyneuen.2011.09.017
http://www.ncbi.nlm.nih.gov/pubmed/1738120
http://dx.doi.org/10.1002/da.22166
http://dx.doi.org/10.1111/j.1600-0447.1994.tb05795.x
http://bjsm.bmj.com/

	Impact of prenatal exercise on both prenatal and postnatal anxiety and depressive symptoms: a systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Protocol and registration
	Eligibility criteria

	Population
	Intervention (exposure)
	Comparison
	Outcome
	Study design
	Information sources
	Study selection and data extraction
	Quality of evidence assessment
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Quality of evidence
	Synthesis of data
	Prenatal depressive symptoms

	Sensitivity analysis
	Subgroup analyses
	Other study designs
	Prenatal depression

	Sensitivity analysis
	Subgroup analyses
	Other study designs
	Postnatal depressive symptoms

	Sensitivity analysis
	Subgroup analyses
	Other study designs
	Postnatal depression

	Sensitivity analysis
	Subgroup analyses
	Other study designs
	Prenatal state anxiety symptoms

	Sensitivity analyses
	Subgroup analyses
	Other study designs
	Prenatal state anxiety

	Sensitivity analysis
	Prenatal trait anxiety symptoms

	Sensitivity analysis
	Other study designs
	Prenatal trait anxiety
	Postnatal state anxiety symptoms

	Sensitivity analysis
	Postnatal state anxiety


	Discussion
	Sensitivity analysis
	What mechanisms may underpin these epidemiological findings?
	Is there a carryover benefit into the postpartum period?

	Conclusion
	References


