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ABSTRACT
Objective To examine the relationship between 
postpartum physical activity and maternal postnatal 
cardiometabolic health, breastfeeding, injury, and infant 
growth and development.
Design Systematic review with random- effects meta- 
analysis and meta- regression.
Data sources Eight online databases were searched up 
until 12 January 2024.
Eligibility criteria Studies of all designs in all 
languages were eligible (except case studies and 
reviews) if they contained information on the population 
(postpartum people), intervention (frequency, intensity, 
duration, volume, or type of exercise, alone (’exercise- 
only’) or in combination with other intervention 
components (eg, dietary; ’exercise+co- intervention’), 
comparator (no or low volumes of physical activity), 
and outcomes: hypertension, diabetes, cardiometabolic 
risk factors (systolic blood pressure (SBP), diastolic 
blood pressure (DBP), total cholesterol, high density 
lipoproteins, low density lipoproteins, and triglycerides, 
glycated hemoglobin (HbA1C), glucose and insulin 
concentration), breastfeeding (breast milk quality 
and volume), infant growth (length and weight) and 
development, or postpartum injury.
Results 46 unique studies (n=8766 participants) 
from 20 countries were included. Moderate certainty 
of evidence showed exercise+co- interventions reduced 
the odds of developing diabetes by 28% (7 randomised 
controlled trials (RCTs), n=2496; OR 0.72 95% CI 0.54, 
0.98, I2 12%), reduced SBP (10 RCTs, n=2753; mean 
difference (MD) −2.15 95% CI −3.89 to –0.40, I2 73%) 
and DBP (9 RCTs, n=2575; MD −1.38 95% CI −2.60 to 
–0.15, I2 66%) compared with controls. Infant growth 
and development, breast milk quality and quantity, and 
risk of injury were not different between exercise and 
control groups.
Conclusions Physical activity improves cardiometabolic 
health without adversely impacting breast milk supply or 
quality, infant growth or maternal injury.

INTRODUCTION
Over the last decade, the importance of maternal 
and infant health during pregnancy and postpartum 
has been prominent in medical and public thinking. 
This unique period is now believed to be a critical 

window of opportunity to identify people at high 
risk for future chronic disease and to implement 
early interventions to improve the lifelong health 
of both mother and infant. In 2011, the American 
Heart Association listed pregnancy complications 
(including pre- eclampsia, gestational hypertension 
and gestational diabetes mellitus (GDM)) as risk 
factors as strong as smoking for development of 
cardiovascular disease following pregnancy.1 Those 
who have experienced complications in pregnancy 
have an elevated risk for future cardiometabolic 
diseases. GDM increases the odds of cardiovas-
cular disease (OR 1.68), hypertension (HR 1.54) 
and metabolic syndrome (HR 2.51).2 3 Up to 70% 
of those diagnosed with GDM will subsequently 
develop type 2 diabetes, with a nearly 10- fold 
increased risk of diagnosis in the first 5 years after 
delivery compared to those without GDM.4 5 
Hypertensive disorders of pregnancy increase the 
odds of cardiovascular disease (OR 1.67), stroke 
(OR 1.83) and hypertension (OR 3.13).2 The most 

WHAT IS ALREADY KNOWN
 ⇒ Postpartum women and people are at increased 
risk of developing diabetes and cardiovascular 
disease if they have experienced pregnancy 
complications such as pre- eclampsia and 
gestational diabetes.

 ⇒ The postpartum period is critical for the 
implementation of preventative measures to 
reduce chronic disease risk. Physical activity has 
been proposed as a promising intervention but 
the impact on chronic disease risk following 
childbirth is poorly understood.

 ⇒ Concerns persist about whether postpartum 
physical activity increases the risk of injury, or 
could impair breast milk supply and quality, and 
subsequently infant growth and development.

WHAT ARE THE NEW FINDINGS
 ⇒ Maternal physical activity reduces the risk of 
developing type 2 diabetes by 28% and reduces 
blood pressure after childbirth.

 ⇒ Postpartum physical activity did not alter breast 
milk quality and supply, infant growth and 
development, or the risk of injury.
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sobering statistic is that those who develop pre- eclampsia are at 
increased risk of death from cardiovascular disease (HR 2.14) 
in the first decade after delivery.6 While the physiological ‘stress 
test’ of pregnancy identifies those at high risk, the postpartum 
period is critical to implementing preventive measures for future 
chronic disease. In this respect, a 2021 Scientific Statement 
From the American Heart Association identified that practising 
physical activity during the postpartum period and beyond is a 
key intervention to decrease future cardiovascular disease risk 
following the development of pregnancy complications.2

While the aetiology of cardiovascular disease and diabetes is 
complex, breastfeeding has emerged as a potential modifiable 
factor that could influence the risk of cardiometabolic diseases in 
the mother later in life. It has been suggested that breastfeeding 
may have a beneficial impact on risk factors for cardiometabolic 
diseases including hypertension, dyslipidaemia and insulin resis-
tance thereby reducing the risk of future cardiovascular disease 
and type 2 diabetes following pregnancy.7 8 Breastfeeding is also 
a fundamental aspect of infant health, as it provides the requisite 
energy and nutrients for growth and development, as well as 
antibodies which protect against common childhood illnesses.9

While postnatal physical activity and breastfeeding are of 
particular importance for the future health of the mother and 
her child, the impact of postnatal physical activity on breast-
feeding and on infant growth and development, as well as on 
maternal injury, is not well understood. It has been suggested 
that the timing and intensity of returning to physical activity 
or sport, as well as breastfeeding, may predispose those in the 
postpartum period to injury.10 It is understood that postpartum 
injuries occur in soft, hard and neural tissues, primarily affect 
the trunk region, and there are a multitude of factors influencing 
risk of injury.11–15 However, there is a lack of consensus and 
under- reporting of injury data to determine the dose- response 
relationship of physical activity and injury incidence and severity 
in the postpartum period.

This systematic review and meta- analysis is part of a series 
of reviews which will form the evidence base for the Canadian 
Society for Exercise Physiology 2025 Canadian Guideline for 
Physical Activity, Sedentary Behaviour and Sleep throughout the 
First Year Postpartum (hereafter referred to as the Guidelines). 
The purpose of this systematic review and meta- analysis was 
to examine the relationships of postpartum physical activity on 
cardiometabolic risk factors, breastfeeding, infant growth and 
development, and maternal injury.

METHODS
In April 2022, the Guideline Consensus Panel was formed 
and met to identify key health outcomes for the Guideline 
development. The panel included researchers, methodological 
experts and representatives from the Society for Obstetricians 
and Gynaecologists of Canada, Canadian Society for Exercise 
Physiology, College of Family Physicians of Canada, Canadian 
Physiotherapy Association, Canadian Association of Midwives, 
and Canadian Academy of Sport and Exercise Medicine. Patient 
preferences were obtained via online survey to inform these 
decisions but were otherwise not involved in the project. During 
this meeting, 21 outcomes were identified including 10 ‘crit-
ical’ maternal health outcomes, 9 ‘important’ maternal health 
outcomes, and 2 ‘important’ infant health outcomes in relation 
to postpartum maternal health behaviours (physical activity, 
sedentary behaviour and sleep).16 17 Hypertension, diabetes, 
cardiometabolic risk factors, breastfeeding and injury, were iden-
tified as ‘critical’ outcomes while infant growth (ie, infant length 

and weight) and development were identified as ‘important’ 
outcomes.

The current systematic review and meta- analysis was 
conducted in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses (PRISMA) guidelines.18 
The completed PRISMA checklist is included in the online 
supplemental file.

Study protocol and registration
The protocol was registered with PROSPSERO, the International 
Prospective Register of Systematic Reviews, on 20 September 
2022 (registration number CRD42022359282; available from: 
www.crd.york.ac.uk/prospero/display_record.php?RecordID= 
359282). Ethics approval was not required.

Eligibility criteria
The PICOS (population, intervention, comparison, outcome, 
study design) framework19 was used to guide this review.

Population
The population of interest was women and people in the first 
year following childbirth. In cases where a study recruited 
participants beyond 12 months after delivery, the study was 
included only if the majority of participants were in their first 
year postpartum.

Intervention/exposure
The intervention was subjective or objective measures of 
prescribed exercise frequency, intensity, duration, volume, dura-
tion or type. Although exercise is a subtype of physical activity, 
for the purpose of the current review, we used these terms inter-
changeably. Accordingly, exercise and physical activity were 
defined as any bodily movement generated by skeletal muscles 
that results in energy expenditure above resting levels.20 21 Inter-
ventions including exercise alone (termed ‘exercise- only inter-
ventions’) or in combination with other interventions (such 
as diet, termed ‘exercise+co- interventions’) were considered. 
Studies were included if the physical activity/exercise interven-
tion was initiated in the first year postpartum. Interventions 
which began during pregnancy were included if the majority of 
the intervention continued following childbirth.

Comparison
Eligible comparators were no intervention, minimal contact (ie, 
online intervention), standard care (education only, standard 
medical care for those in the postpartum period, author defined) 
and active controls (ie, low intensity exercise).

Outcomes
Relevant outcomes were chronic breastfeeding (breast milk 
volume and composition), hypertension, diabetes, and cardiomet-
abolic risk factors (systolic blood pressure (SBP), diastolic blood 
pressure (DBP), total cholesterol, high density lipoproteins, 
low density lipoproteins, and triglycerides, HbA1C, glucose 
and insulin levels (fasted or 1 hour and/or 2 hours after an oral 
glucose tolerance test)), postpartum injury, infant growth (length 
and weight), and development.

Study design
Primary and grey literature of any study design were eligible with 
the exception of review articles, case studies and non- original 
research.
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Additional considerations
Eligible studies were not limited by publication language or 
date. Studies not published in English or French were initially 
translated using Google translate to determine eligibility for 
inclusion. If selected for extraction, they were analysed with the 
assistance of a native speaker.

Information sources
A comprehensive search was created and run by a research 
librarian in the following databases: MEDLINE, EMBASE, 
CINAHL, SPORTDiscuss, Evidence- Based Medicine Reviews 
(Ovid), Scopus, Web of Science, and  ClinicalTrials. gov up to 
17 August 2022. An updated search of these databases was 
performed on 12 January 2024. Collaborator- nominated papers 
were accepted for consideration. Reference lists of included 
studies and relevant reviews were screened for additional, rele-
vant papers. Complete search strategies are presented in the 
online supplemental file.

Study selection and data extraction
Search results were uploaded to Covidence (Melbourne, 
Victoria, Australia), an online systematic review management 
software, where duplicate records were removed. Titles and 
abstracts of all unique articles were independently assessed by 
two reviewers. Full- text articles of titles and abstracts meeting 
initial screening criteria were retrieved. Two independent 
reviewers then examined all full- text articles for inclusion, with 
disagreements resolved through discussion between reviewers or 
a third reviewer if needed.

Two reviewers independently extracted data from all included 
studies into Google Sheets (Google, Mountain View, California, 
USA). Two content experts independently verified the extracted 
data. For each individual 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.

Extracted data included study characteristics (eg, year, study 
design, country), population characteristics (eg, number of partic-
ipants, age, prepregnancy body mass index, previous physical 
activity levels, parity and pregnancy complications), intervention 
(prescribed exercise frequency, intensity, duration, volume, type, 
duration of intervention), comparators (no exercise or different 
types of exercise), co- intervention type and outcomes. If data 
were not available for extraction, study authors were contacted 
for additional information.

Certainty of evidence assessment
The Grading of Recommendations, Assessment, Development, 
and Evaluation (GRADE) framework was used to assess the 
certainty of evidence across included studies for each anthropo-
metric outcome and study design (randomised controlled trial 
(RCT) and superiority RCT).22 Accordingly, evidence from RCTs 
was considered ‘high’ quality and was graded down if there was 
a concern with risk of bias (ROB),23 indirectness,24 inconsis-
tency,25 imprecision26 or risk of publication bias,27 because these 
factors reduce the level of confidence in the observed effects. 
Evidence from all non- randomised interventions and observa-
tional 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

Two reviewers independently and systematically assessed ROB 
of included studies at the individual study level with a modified 

Joanna Briggs Institute (JBI) Manual for Evidence Synthesis.29 
The ROB in RCTs was assessed using the standardised critical 
appraisal instruments from the JBI Critical Appraisal of Evidence 
Effectiveness tool.30 The JBI checklist was used to determine the 
extent to which a study had addressed the possibility of bias in 
its design, conduct and analysis. Specifically, all studies were 
screened for potential sources of bias, including inappropriate 
sampling, flawed measurement of exposure, flawed measure-
ment of outcomes, selective/incomplete outcomes, unidentified 
confounding factors, and inappropriate statistical analysis. In 
case of rating differences, discrepancies were resolved through 
discussion. The overall ROB of a study was defined as high 
risk when more than a third of the factors (RCTs: ≥3 of 10 
factors; non- RCT: ≥4 of 13 factors; cross- sectional studies: ≥3 
of 9 factors; cohort studies: ≥4 of 13 factors) were marked as 
high risk. The ROB across studies was considered ‘serious’ when 
studies with the greatest influence on the pooled result (assessed 
using weight (%) given in forest plots) presented with high ROB. 
The greatest influence on the pooled result was determined as 
follows: the studies that had the greatest individual % contribu-
tion in the meta- analyses, when taken together, contributed to 
>50% of the weight of the pooled estimate.

Inconsistency across studies was assessed using both statis-
tical tests and visual inspection of forest plots.31 The Cochran’s 
Q (α=0.05) was used to detect statistical heterogeneity and I² 
statistic was employed to quantify the magnitude of statistical 
heterogeneity between studies. In the case where high statistical 
heterogeneity (I²>50%) was observed, the evidence was consid-
ered for downgrading if the direction of effect was inconsistent 
across most studies, with minimal overlap of CIs, and if such 
heterogeneity remained unexplained after conducting meta- 
regression and/or subgroup analyses. Indirectness was consid-
ered serious when PICOS criteria differed substantially across 
studies. Imprecision was considered serious or very serious when 
the sample size was small (<300 in each arm or <100 in each 
arm, respectively) and/or when the effect estimate was imprecise 
with a wide CI including the no effect value (does not rule out 
a small harm or negative effect).32 Publication bias was assessed 
when there were at least 10 studies included in the meta- analysis. 
Otherwise, it was deemed non- estimable and not rated down.

Statistical analysis
Meta- analyses were conducted for each outcome using Review-
Manager (RevMan) V.5.4 (Cochrane, London, the UK). Either 
the mean difference (MD) or the standardised mean difference 
(SMD) in change scores (preintervention to postintervention) 
was calculated when appropriate for continuous outcomes. 
SMD effect sizes were calculated using Hedges’ g. Continuous 
outcome analyses was conducted using DerSimonian and Larid 
random- effects models with an inverse- variance approach.33 An 
effect size of 0.2, 0.5 and 0.8 were considered small, moderate 
and large, respectively.34 ORs were calculated for dichotomous 
outcomes using postintervention events or percentage data. 
Dichotomous outcome analyses were conducted with a Mantel- 
Haenszel random- effects method. Statistical significance was 
defined as p<0.05.

Sensitivity analyses were performed to evaluate whether the 
observed effects were different when examining the impact of 
exercise- only versus exercise+co- interventions on the outcomes. 
When possible, the following a priori subgroup analyses were 
conducted: (1) When the intervention started (≤12 weeks 
vs >12 weeks postpartum), (2) Mode of delivery (vaginal vs 
caesarean section vs mixed), and (3) Type of physical activity 
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(eg, aerobic exercise, resistance training, mixed training, Tai 
Chi, Pilates, pelvic floor muscle training). If a study did not 
provide sufficient details to allow it to be grouped into the a 
priori subgroups, an ‘unclear’ group was created. Additional 
analyses were conducted to assess whether exercise- only inter-
ventions had differential effects based on study time points (ie, 
immediately postintervention or follow- up time point). Tests for 
subgroup differences were conducted with statistical significance 
set at p<0.05. If statistically significant differences were found, 
subgroup differences were interpreted. The I2 was calculated to 
indicate the per cent of total variability that was attributable to 
between- study heterogeneity.

Studies reporting continuous outcomes in other measures of 
central tendency and/or dispersion (ie, median, range, SE) were 
converted to mean and SD for analyses.35–37

Equity, diversity and inclusion statement
Our study included all studies (of any designs) on maternal 
cardiometabolic, breastfeeding, injury, and infant growth and 
development outcomes with no exclusion criteria on gender, 
race, ethnicity, sexuality, socioeconomic status, chronic illness 
or disease. Our research team consisted of 13 individuals from 
three provinces in Canada and included 12 women and one man 
from different disciplines, ethnicities and stages across careers. 
The studies included in this meta- analysis refer to women, but 
the results are broadly applicable to all postpartum people.

RESULTS
Study selection
The PRISMA flow diagram is presented in figure 1. A compre-
hensive list of excluded studies is included in the online supple-
mental file.

Study characteristics
Overall, 47 manuscripts reporting on 46 unique studies 
with 8766 participants from 20 countries were included (32 
RCTs,38–71 n=7091; 4 superiority RCTs,72–75 n=275; 4 non- 
RCTs,76–79 n=120; 3 longitudinal studies,10 80 81 n=1196; 2 
cross- sectional studies,82 83 n=84). Among the included inter-
ventions, the frequency of exercise ranged from 1 day to 7 days 
per week and the duration of exercise ranged from 10 min to 
60 min per session. The interventions included exercise prescrip-
tion only, education on physical activity only, or a mix of both. 
There was a mix of consistent and graded exercise programmes, 
and some programmes were tailored to each individual partici-
pant while others were the same for all participants. The types 
of exercise included were aerobic (walking, dancing, jogging, 
cycling), mixed (aerobic+resistance), abdominal, pelvic floor, 
Pilates, and Tai Chi. Exercise equipment used in the interven-
tions included treadmills, bicycles, stationary bicycles, stability 
balls, resistance bands, dumbbells, pedometers, yoga mats or 
no equipment. Exercise accessories included video recordings, 
and video games (eg, Wii Fit). The exercise programmes were 
all introduced by a trained exercise professional (eg, physiother-
apist, registered dietician, trained nurse, midwife or research 
assistant) and included a mix of supervised and unsupervised 
exercise as well as individual- based and group- based training. 
Interventions were delivered both inperson (eg, at the partici-
pants’ homes, hospital gym, community facility) or remotely (via 
telephone, text messages, email or an online platform such as a 
website). The interventions began as early as 3 weeks postpartum 
up until 1 year postpartum. Additional details about included 

study characteristics can be found in online supplemental tables 
1–5 of the online supplemental file.

Certainty of evidence
Overall, the certainty of evidence ranged from ‘very low’ 
to ‘moderate’ (online supplemental tables 6–16). The most 
common reason for downgrading the certainty of evidence was 
imprecision, due to small sample size, that is, lack of power to 
detect differences with precision, and indirectness (ie, exercise 
intervention was combined with other intervention, such as 
nutrition). Publication bias could not be assessed as there were 
fewer than 10 studies in each forest plot.

Synthesis of data

RANDOMISED CONTROLLED TRIALS
Prevalence of diabetes
Overall, there was ‘moderate’ certainty of evidence (down-
graded for concerns regarding indirectness) from seven RCTs 
(n=2469) considering the association between postpartum exer-
cise and the odds of developing diabetes. Overall, postpartum 
exercise+co- intervention was associated with 28% lower odds 
of diabetes compared with no exercise (OR 0.72, 95% CI 0.54, 
0.98, I2 12%; online supplemental figure 1).

When looking at the maintenance of intervention effect 
(postintervention to follow- up time point), the pooled summary 
estimate did not show a reduction for exercise+co- intervention 
groups as compared with no exercise controls (2 RCTs, n=569; 
p=0.82, online supplemental figure 3). The overall certainty of 
this evidence was rated as low and downgraded for concerns 
regarding indirectness and imprecision. Subgroup analysis on 
the maintenance of intervention effect was not possible.

Sensitivity analysis
There was only exercise+co- interventions; therefore, sensitivity 
analysis was not possible.

Subgroup analysis
Stratification of exercise- only RCTs showed no significant differ-
ence (timing of the intervention, p=0.15 and type of exercise, 
p=0.87, figure 2 and online supplemental figure 2) or was not 
applicable due to insufficient data for subgrouping (mode of 
delivery).

Fasted glucose
The pooled summary estimate showed no difference between 
exercise and control for the change in fasted glucose (mmol/L) 
(12 RCTs, n=2813; MD −0.07, 95% CI −0.25, 0.12, I2 95%; 
online supplemental figure 7). The overall certainty of this 
evidence was rated as ‘low’ and downgraded for concerns 
regarding indirectness and imprecision.

There was no difference in the maintenance of intervention 
effect on fasted glucose for exercise groups as compared with no 
exercise controls (5 RCTs, n=740; p=0.18, online supplemental 
figure 10). The overall certainty of this evidence was rated as 
‘low’ and downgraded for concerns regarding indirectness and 
imprecision.

Sensitivity analysis
The pooled summary estimate for the exercise+co- interventions 
was not significantly different from the pooled estimate for the 
exercise- only interventions (p=0.99; online supplemental figure 
7). The certainty of evidence was rated as ‘low’ and downgraded 
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for concerns regarding indirectness and imprecision for the 
exercise+co- interventions and ‘moderate’ regarding imprecision 
for the exercise- only interventions. Similar results were found 
for the maintenance of intervention effect on fasted glucose 
(online supplemental figure 25).

Subgroup analysis
Stratification of exercise- only RCTs by type of exercise showed 
statistically significant difference in fasted glucose change 
(p=0.04). One study examining the impact of a Tai Chi inter-
vention demonstrated a greater change in fasted glucose in the 

exercise group compared with the control (online supplemental 
figure 9). The certainty of evidence was rated as ‘moderate’ 
(downgraded for concerns regarding imprecision). The other 
tests for subgroup differences were either not significantly 
different (timing of the intervention, p=0.69, online supple-
mental figure 8) or not applicable due to insufficient data for 
subgrouping (mode of delivery).

Hypertension prevalence
There were no studies reporting on the effect of postpartum 
exercise on the odds of hypertension.

Figure 1 The Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) flow diagram.
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Systolic blood pressure
From preintervention to postintervention, the pooled summary 
estimate showed a greater change in SBP (mm Hg) for exer-
cise groups as compared with the no exercise controls (10 
RCTs, n=2753; MD −2.15, 95% CI −3.89 to –0.40, I2 73%; 
figure 3). The overall certainty of this evidence was rated as 
‘low’ and downgraded for concerns regarding inconsistency and 
indirectness.

For the maintenance of intervention effect on SBP, the pooled 
summary estimate showed no difference during the maintenance 
phase for exercise groups as compared with the no exercise 

controls (5 RCTs, n=749; p=0.06; online supplemental figure 
50). The overall certainty of this evidence was rated as ‘very low’ 
and downgraded for concerns regarding inconsistency, indirect-
ness and imprecision.

Sensitivity analysis
The pooled summary estimate for the exercise+co- interventions 
was not significantly different from the pooled summary esti-
mate for the exercise- only interventions (p=0.11; figure 3). 
Exercise+co- interventions did not result in a reduction in SBP 

Figure 2 Effects of postpartum exercise compared with control on the odds of diabetes (randomised controlled trials). The studies were all 
exercise+co- interventions. Stratified analyses were conducted with studies including when the exercise intervention was initiated early (ie, ≤12 weeks 
postpartum) or late (ie, >12 weeks postpartum). Analyses were conducted using a random- effects model. CONT, control; df, degrees of freedom; INT, 
intervention; M- H, Mantel- Haenszel method; PP, postpartum; T2DM, type 2 diabetes.

Figure 3 Effects of postpartum exercise compared with control on change in systolic blood pressure (mm Hg; randomised controlled trials). 
Sensitivity analyses were conducted with studies including exercise+co- interventions and exercise- only interventions. Analyses were conducted using 
a random- effects model. df, degrees of freedom; IV, inverse variance; PP, postpartum.
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(7 RCTs, n=2560; MD −1.22, 95% CI −2.97, 0.54, I2 75%). 
The overall certainty of this evidence was rated as ‘very low’ 
and downgraded for concerns regarding inconsistency, indirect-
ness and imprecision. Exercise- only interventions resulted in a 
decrease in SBP (4 RCTs, n=193; MD −5.12, 95% CI −9.63 to 
–0.61, I2 56%). The overall certainty of this evidence was rated 
as ‘moderate’ and downgraded for concerns regarding impreci-
sion. Similar results were found for the maintenance of interven-
tion effect on SBP (online supplemental figure 50).

Subgroup analysis
Stratification of exercise- only RCTs by type of exercise showed 
statistically significant difference in SBP (p=0.03). One study 
examining the impact of a Tai Chi intervention demonstrated 
a greater change in SBP in the exercise group compared with 
the control (online supplemental figure 49). The certainty of 
evidence was rated as ‘moderate’ (downgraded for concerns 
regarding imprecision). The other tests for subgroup differences 
were either not significantly different (timing of the interven-
tion, p=0.26, online supplemental figure 48) or were not appli-
cable due to insufficient data for stratifying (mode of delivery, 
maintenance of intervention effect)

Diastolic blood pressure
From preintervention to postintervention, the pooled summary 
estimate showed a greater change in DBP (mm Hg) for exer-
cise groups as compared with the no exercise controls (9 RCTs, 
n=2575; MD −1.38, 95% CI −2.60 to –0.15, I2 66%; online 
supplemental figure 55). The overall certainty of this evidence 
was rated as ‘low’ and downgraded for concerns regarding 
inconsistency and indirectness.

The pooled summary estimate showed no difference in DBP 
during the maintenance phase for exercise groups as compared 
with the no exercise controls (4 RCTs, n=645; p=0.17; online 
supplemental figure 58). The overall certainty of this evidence 

was rated as ‘very low’ and downgraded for concerns regarding 
inconsistency, indirectness and imprecision.

Sensitivity analysis
The pooled summary estimate for the exercise+co- interventions 
was not significantly different from the pooled estimate for the 
exercise- only interventions (p=0.70; online supplemental figure 
55). The overall certainty of this evidence was rated as ‘very 
low’ for exercise+co- interventions (downgraded for concerns 
regarding inconsistency, indirectness and imprecision) and 
as ‘low’ for the exercise- only interventions (downgraded for 
concerns regarding imprecision). Similar results were found for 
the maintenance of intervention effect on DBP (online supple-
mental figure 58).

Subgroup analysis
Stratification of exercise- only RCTs by subgroups were not 
significant (timing of the intervention, p=0.88, online supple-
mental figure 56; type of exercise, p=0.96, online supplemental 
figure 57) or could not be examined due to insufficient data 
for stratifying (mode of delivery, maintenance of intervention 
effect).

OTHER OUTCOMES AND STUDY DESIGNS
Other outcomes and study designs are reported in the online 
supplement. Infant growth and development, breast milk volume 
and quality, and risk of injury (figure 4) were not different 
between exercise and control groups. Some metrics of lipid 
metabolism were improved with exercise (eg, very low density 
lipoproteins VLDL- c; triglycerides) (figure 5) but other blood 
markers of glucose and lipid metabolism were not.

DISCUSSION
The current systematic review and meta- analysis demonstrate 
that exercise during the postpartum period decreased the risk 

Figure 4 Effects of postpartum exercise compared with control on incidence of injury (randomised controlled trials). Analyses were conducted 
using a random- effects model. df, degrees of freedom; M- H, Mantel- Haenszel method.
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of developing type 2 diabetes and lowered cardiometabolic risk 
factors including triglycerides, VLDL- c and SBP. By initiating 
exercise in the first 12 weeks following childbirth, the risk of 
developing type 2 diabetes was reduced by 28%. Importantly, 
these improvements were observed without an adverse effect 
on breast milk quality or quantity, infant growth or increased 
odds of injury. These findings underscore the pivotal role of 
early postpartum exercise as a preventative means to enhance 
maternal cardiometabolic health.

The postpartum period exists in stark opposition to the ante-
partum period. In the postpartum period, maternal priorities 
quickly switch from their personal health and well- being to 
that of their newborn. Physical activity was perceived to have 
a potential negative impact on breastfeeding by new mothers 
in the postpartum period.84 However, a review on this topic 
published in 2002 indicated that physical activity does not 
influence breast milk volume or macronutrient composition or 
infant body weight or growth.85 A small percentage of breast-
feeding individuals may perceive a decrease in infant willingness 
to breastfeed after maximal or submaximal maternal exercise, 
perhaps due to an increase in lactate in breast milk.85 The full-
ness of breasts prior to exercise and intensity of exercise can 
influence the time to peak lactate concentration and the time 
to postexercise decreases in lactate concentration in breast 
milk.86–88 However, lactate concentration in breast milk can 
return to values comparable to resting concentrations within 
30 min of maximal intensity exercise.86 These factors may be 
taken into consideration when considering feeding and exer-
cise schedules. Our review, which includes studies from the last 
two decades, also indicate that breast milk quality and quantity 
are not adversely impacted by chronic exercise. In addition, no 
adverse effect on infant growth was observed when mothers 
engaged in an exercise intervention, although the evidence was 
limited. Previous work has demonstrated that breastfeeding 
individuals have more favourable cardiometabolic profiles 

which may reduce long- term cardiovascular risk.7 89 90 While the 
decision to breastfeed is highly personal and can be influenced 
by a myriad of social, cultural and personal factors, these data 
demonstrate the compatibility of breastfeeding and exercise in 
the postpartum period.

There is extensive literature suggesting the preventive and 
therapeutic power of exercise for a wide array of medical condi-
tions, including type 2 diabetes and cardiovascular disease. In 
non- postpartum populations, exercise has been found to be as 
effective as antihypertensive medication in reducing blood pres-
sure.91 The present review found that exercise- only interventions 
were effective in decreasing SBP. The mechanisms underlying 
this risk reduction is multifactorial and likely dependent on the 
type, duration and intensity of exercise. Aerobic and resistance 
exercise have been demonstrated to improve vascular health 
(improved endothelial function, decreased arterial stiffness), 
glucose uptake and transport, and insulin sensitivity, and reduce 
inflammation, among others.92–94

In the current review, we identified that exercise+co- 
interventions decreased the odds of developing type 2 diabetes 
by 28%. Additionally, initiating an exercise intervention in the 
first 12 weeks following childbirth was associated with greater 
decrease in the odds of diabetes and low density lipoproteins 
compared with later in the postpartum period. Furthermore, 
exercise- only and exercise+co- interventions demonstrated a 
decrease in triglycerides during the postpartum period. These 
data emphasise the importance of a gradual return to activity 
that balances the required healing and recovery from pregnancy 
and childbirth, with the opportunity to improve cardiometabolic 
health. Additional research further investigating the optimal 
intensity, duration or type of exercise to prevent or delay the 
development of cardiovascular disease or diabetes is essential.

During the postpartum period, the majority of physiolog-
ical adaptations to pregnancy revert back to the non- pregnant 
state.95 However, the transient changes of pregnancy including 

Figure 5 Effects of postpartum exercise compared with control on change in triglycerides (mmol/L; randomised controlled trials). Sensitivity 
analyses were conducted with studies including exercise+co- interventions and exercise- only interventions. Analyses were conducted using a random- 
effects model. df, degrees of freedom; IV, inverse variance; PP, postpartum.
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the alterations to hormonal balance, posture and bone metabo-
lism may have a persisting effect on risk of injury. Postpartum 
injuries range in severity, from mild to severe, and the most 
common areas affected include the pelvis,11 perineum,12 abdom-
inal13 and back regions,11 including damage to soft, hard and 
neural tissues. The risk of postpartum injury is influenced by a 
multitude of factors affecting all those in the postpartum period. 
These factors include: mode of delivery (vaginal vs caesarean 
section), young (<19 years old) or advanced (>35 years old) 
maternal age, obesity/high body mass index (>25 kg/m2), 
prolonged labour, and instrument- assisted delivery including the 
use of forceps or vacuum devices.14 15 The underlying mecha-
nisms responsible for the development of injuries postpartum 
resulting in a higher prevalence of injuries in active postpartum 
individuals is not well understood.96 There is very limited 
evidence on injury and physical activity during the postpartum 
period. The findings of this review demonstrated that based on 
limited currently available evidence there is no increased odds of 
injury in the postpartum period.

Strengths of this review include our broad inclusion criteria 
considering all publication designs (except case studies and 
secondary studies), dates and languages. We applied rigorous 
methodology (PRISMA, JBI, GRADE) to guide the systematic 
review process and quality of evidence assessment.18 30 97 Change 
scores, subgroup analyses (exercise- only vs exercise+cointerven-
tions) and stratified analyses allowed detailed consideration of 
both heterogeneity and the influence of various factors (time 
postpartum, mode of exercise delivery, type of activity) on 
review outcomes; however, statistical heterogeneity was still 
moderate within certain subgroups. Essential next steps include 
further research to determine optimal type, duration and inten-
sity of postpartum exercise.

Limitations of the current review included a lack of stan-
dardised definition of postpartum injury. One major limitation 
of this study was a lack of ‘high’ quality evidence from RCTs to 
build the body of evidence. A majority of the RCTs were down-
graded from ‘high’ to ‘low’ evidence because of imprecision, due 
to small sample size, that is, lack of power to detect differences 
with precision, and indirectness (ie, exercise intervention was 
combined with other interventions, such as nutrition). Another 
limitation was a lack of research on exercise during the post-
partum period that focuses on the outcomes of interest in the 
current paper. Although there is no definition of postpartum 
injury used clinically or in research, a definition of injury is crit-
ical for consistency as well as interpretation and implementation 
of research studies.

Further research is certainly required in all of these domains, 
particularly on the relationship between postpartum exercise 
and injury. It is vital to standardise the definition of postpartum 
injury and increase reporting of instances of injury during this 
time. Additionally, further subgroup analysis regarding the type 
and timing of intervention will be paramount in understanding 
potential interactions between injury, mode of delivery and 
delivery/postpartum complications. Furthermore, there is a lack 
of literature regarding postpartum exercise and infant growth 
and development. While this review begins to demonstrate that 
there are no adverse effects of postpartum exercise on breast 
milk quality or quantity, there is a lack of data investigating the 
composition of breast milk. All of these factors directly influence 
infant growth and development.

CONCLUSION
Postpartum exercise is emerging as a promising strategy to reduce 
the risk of hypertension and diabetes during the postpartum 

period without increased risk of harm to breast milk supply or 
quality, infant growth, or maternal injury.
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