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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% Cl 0.54,
0.98, 12 12%), reduced SBP (10 RCTs, n=2753; mean
difference (MD) —2.15 95% Cl —3.89 to —0.40, I 73%)
and DBP (9 RCTs, n=2575; MD —1.38 95% Cl —2.60 to
—0.15, I 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
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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.

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.' 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).23 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.**
Hypertensive disorders of pregnancy increase the
odds of cardiovascular disease (OR 1.67), stroke
(OR 1.83) and hypertension (OR 3.13).> The most
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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.® 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.”

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.”® 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.’

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.'® 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."™" 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).'® ' 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.'®
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) framework'® 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.”’*! 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).?* Accordingly, evidence from RCTs
was considered ‘high’ quality and was graded down if there was
a concern with risk of bias (ROB),* indirectness,** inconsis-
tency,” imprecision®® or risk of publication bias,?” 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).”®

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.”’
The ROB in RCTs was assessed using the standardised critical
appraisal instruments from the JBI Critical Appraisal of Evidence
Effectiveness tool.*® 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.*! The Cochran’s
Q (0z=0.05) was used to detect statistical heterogeneity and I?
statistic was employed to quantify the magnitude of statistical
heterogeneity between studies. In the case where high statistical
heterogeneity (12>50%) was observed, the evidence was consid-
ered for downgrading if the direction of effect was inconsistent
across most studies, with minimal overlap of Cls, 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).’” 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.* An
effect size of 0.2, 0.5 and 0.8 were considered small, moderate
and large, respectively.** 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 1* 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.**’

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,* 7! n=7091; 4 superiority RCTs,”*”* n=275; 4 non-
RCTs,”*” n=120; 3 longitudinal studies,’ ** *' n=1196; 2
cross-sectional studies,** ®* 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, I 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=0.15and 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, I* 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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References removed (n = 42339)
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Duplicates identified by Covidence (n = 42245)
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Other reasons (n =)

Studies screened (n = 19043)

>| Studies excluded (n = 17891)

v

Studies sought for retrieval (n = 1152)

>| Studies not retrieved (n = 0)

v

Screening

Studies assessed for eligibility (n = 1152)

Studies included in review (n = 47)

A4

Studies excluded (n = 1105)
Wrong outcomes (n = 910)
Wrong intervention (n = 16)
Wrong study design (n = 6)
No exposure of interest (n = 147)
Wrong patient population (n = 25)
No information about intervention (n = 1)

Figure 1 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

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.
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Control
Events Total

Exercise

Study or Subgroup Events Total

Weight M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

Odds Ratio

2.41.1 < 12 weeks
Ji 2012 0 36 3 39 1.0% 0.14[0.01, 2.87]
Nicklas 2014 6 27 10 30 6.2% 0.57[0.18, 1.87] — 1
Perez-Ferre 2015 11 126 15 111 12.0% 0.61[0.27, 1.40] -
Shek 2014 33 225 43 225 27.8% 0.73 [0.44, 1.20] —&T
Yu 2012 3 59 12 67 5.0% 0.25[0.07, 0.92] e E——
Subtotal (95% Cl) 473 472 51.9% 0.61 [0.42, 0.89] ‘
Total events 53 83
Heterogeneity: Tau? = 0.00; Chi? = 3.25, df = 4 (P = 0.52); I = 0%
Test for overall effect: Z = 2.56 (P = 0.01)
2.41.2 12> weeks
McManus 2018 - 12 months post (1) 0 50 2 47 1.0% 0.18 [0.01, 3.85]
Tandon 2022 74 709 80 718 47.1% 0.93[0.67, 1.30] ;
Subtotal (95% CI) 759 765 48.1% 0.85 [0.41, 1.75]
Total events 74 82
Heterogeneity: Tau? = 0.11; Chi? = 1.09, df = 1 (P = 0.30); I = 8%
Test for overall effect: Z = 0.44 (P = 0.66)
Total (95% ClI) 1232 1237 100.0% 0.72 [0.54, 0.98] ‘
Total events 127 165

o 2 iz - _ T2 .\ . s :
Heterogeneity: Tau® = 0.02; Chi* = 6.80, df = 6 (P = 0.34); I = 12% 051 o1 0 100

Test for overall effect: Z = 2.09 (P = 0.04)
Test for subgroup differences: Chi? = 0.65, df = 1 (P = 0.42), I = 0%
Footnotes

Lower in exercise Lower in control

(1) No INT women had T2DM at 12 months PP although 2 were taking metformin; 2 CONT women had T2DM at 12 months PP and 1 was taking metformin;

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.

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, I* 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

Exercise Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
6.2.1 Exercise+co-intervention
Brekke 2014 (Exercise and Diet - 12 wks) -4.1 14 16 0.8 9.3 15 3.5% -4.90 [-13.22, 3.42] —
Huvinen 2018 12 months pp -1 9.27 89 -1 9.19 76 11.5% 0.00 [-2.82, 2.82] b
Lee 2022 - 12 Months 1.1 5.88 130 1 6.77 168 14.9% 0.10 [-1.34, 1.54] T
O'Reilly 2016 (1 yrs) -0.4 9.03 206 -1.1 9.1 228 14.3% 0.70 [-1.01, 2.41] T
Riemer 2021 -31 10.56 14 -21 9.06 15 4.3% -10.00[-17.18, -2.82]
Tandon 2022 1.9 16 709 1.9 134 718 14.7% 0.00 [-1.53, 1.53] T
Zilberman-Kravits 2018 (1yr PP) 1.9 6.44 99 5.7 5.4 77 14.2%  -3.80[-5.55,-2.05] -
Subtotal (95% CI) 1263 1297 77.4% -1.22 [-2.97, 0.54] ‘
Heterogeneity: Tau? = 3.50; Chi? = 24.27, df = 6 (P = 0.0005); I = 75%
Test for overall effect: Z = 1.36 (P = 0.17)
6.2.2 Exercise
Brekke 2014 (Exercise only - 12 wks) -2.6 13 16 0.8 9.3 15 3.8% -3.40[-11.32, 4.52] —
Juliusdottir 2019 -3 9.13 30 0.7 10.72 24 6.4% -3.70 [-9.09, 1.69] .
Vega-Lopez 2015 (6 months) -6 9.19 22 -4 6 22 7.7% -2.00 [-6.59, 2.59] —_—
Youngwanichsetha 2013 -15.9 15 32 -3.3 125 32 4.7% -12.60 [-19.37, -5.83]
Subtotal (95% CI) 100 93 22.6% -5.12[-9.63,-0.61] e
Heterogeneity: Tau? = 11.66; Chi? = 6.80, df = 3 (P = 0.08); I> = 56%
Test for overall effect: Z = 2.22 (P = 0.03)
Total (95% CI) 1363 1390 100.0% -2.15 [-3.89, -0.40] L 2

e 2 _ . 2 _ _ D12 = 4 ' ' |
Heterogeneity: Tau® = 4.79; Chi®* = 37.65, df = 10 (P < 0.0001); I> = 73% o 1o ) 10 By

Test for overall effect: Z = 2.41 (P = 0.02)
Test for subgroup differences: Chi? = 2.49, df = 1 (P = 0.11), 1> = 59.9%

Lower in exercise Lower in control

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, I* 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, I* 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, I* 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

Exercise Control
Study or Subgroup Events Total Events Total

Weight M-H, Random, 95% CI

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

3.1.1 Exercise + co-intervention

Ferrara 2016 (1) 9 1087 16 1193 37.5%
Ferrara 2016 (2) 2 1087 6 1193 11.6%
Phelan 2017 - 12m 5 174 7 169 20.6%
Phelan 2017 - 6m 11 174 8 196 30.3%
Subtotal (95% Cl) 2522 2751 100.0%
Total events 27 37

Heterogeneity: Tau? = 0.04; Chi®> = 3.45,df = 3 (P = 0.33); I = 13%

Test for overall effect: Z = 0.83 (P = 0.41)

3.1.2 Exercise

Teychenne 2021 0 29 0 20
Subtotal (95% Cl) 29 20
Total events 0 0

Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% CI) 2551 2771 100.0%

Total events 27 37

Heterogeneity: Tau? = 0.04; Chi®> = 3.45, df = 3 (P = 0.33); I = 13%

Test for overall effect: Z = 0.83 (P = 0.41)

Test for subgroup differences: Not applicable

Footnotes

(1) Hospital visits for sprains/strains in the first 12m postpartum
(2) Hospital visits for fractures in the first 12m postpartum

Odds Ratio Odds Ratio
M-H, Random, 95% CI
0.61[0.27, 1.40] —a1
0.36 [0.07, 1.81] —
0.68 [0.21, 2.20] —
1.59[0.62, 4.04] -
0.79 [0.45, 1.38] <9
Not estimable

Not estimable

0.79 [0.45, 1.38] S =
0.01 0.1 ] 10 100

Favours [exercise] Favours [control]

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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Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.24.1 Exercise+co-intervention
Brekke 2014 (Exercise and Diet - 12 wks) -0.11 0.36 16 0.02 0.27 15 6.6% -0.13[-0.35, 0.09] —
Huvinen 2018 12 months pp 0.14 0.43 89 0.17 0.37 76 10.7% -0.03[-0.15, 0.09] —
Kim 2007 (1) -0.34 0.15 10 -0.11 0.12 10 10.8% -0.23[-0.35,-0.11] —_—
Lee 2022 - 12 Months -0.2 0.66 130 0.1 0.48 168 10.1% -0.30[-0.43,-0.17] —_—
O'Reilly 2016 (1 yrs) -0.02 0.45 206 -0.06 0.46 228 12.3% 0.04 [-0.05, 0.13] T
Zilberman-Kravits 2018 (1yr PP) (2) -0.16 0.48 99 0.14 0.32 77 10.8% -0.30[-0.42,-0.18] —_—
Subtotal (95% CI) 550 574 61.3% -0.16 [-0.29, -0.02] .

Heterogeneity: Tau? = 0.02; Chi? = 34.42, df = 5 (P < 0.00001); I* = 85%
Test for overall effect: Z = 2.30 (P = 0.02)

6.24.2 Exercise
Brekke 2014 (Exercise only - 12 wks)
Juliusdottir 2019

-0.13 0.4 16 0.02 0.27 13
0 0.28 24 0.2 0.4 22

Lee 2009 (3) -0.24 0.27 9 -0.1 0.14 6
Lovelady 1995 -0.22 0.11 18 -0.13 0.06 15
Vega-Lopez 2015 (6 months) (4) -0.08 0.48 22 0.1 0.47 22

Subtotal (95% Cl) 89 78
Heterogeneity: Tau? = 0.00; Chi? = 1.61, df = 4 (P = 0.81); I> = 0%
Test for overall effect: Z = 3.98 (P < 0.0001)

Total (95% CI) 639
Heterogeneity: Tau? = 0.01; Chi? = 36.33, df = 10 (P < 0.0001); I* = 72%
Test for overall effect: Z = 3.76 (P = 0.0002)

Test for subgroup differences: Chi? = 0.47, df = 1 (P = 0.50), I = 0%
Footnotes

(1) Originally reported as mg/dL

(2) Originally reported as mg/dL

(3) Originally reported as mg/dL

(4) Originally reported as mg/dL

652

5.9% -0.15[-0.39, 0.09] —

7.3% -0.20[-0.40, 0.00]

7.1% -0.14 [-0.35, 0.07] —
13.3% -0.09[-0.15, -0.03]

5.0% -0.18[-0.46, 0.10] —

38.7% -0.11 [-0.16, -0.05] TS
<

100.0% -0.15 [-0.23, -0.07]

0.5 -025 0 025 0.5
Lower in exercise Lower in control

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.

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.** 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.*> 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.* 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.** However, lactate concentration in breast milk can
return to values comparable to resting concentrations within
30min of maximal intensity exercise.*® 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.”® *° 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.”! 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.”*™*

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.” However, the transient changes of pregnancy including
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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,"* perineum,'? abdom-
inal™® and back regions," 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 (>25kg/m?),
prolonged labour, and instrument-assisted delivery including the
use of forceps or vacuum devices."* ™ 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.”® 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.'® ***” 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.

Author affiliations

"Program 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

“Department of Human Kinetics, Universite du Quebec a Trois-Rivieres, Trois-Rivieres,
Quebec, Canada

*McMaster Evidence Review and Synthesis Centre and Department of Clinical
Epidemiology and Biostatistics, McMaster University, Hamilton, Ontario, Canada
“Department of Family & Community Medicine, Sunnybrook Health Sciences Center,
Toronto, Ontario, Canada

°R. 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

SGeoffrey & Robyn Sperber Health Sciences Library, University of Alberta, Edmonton,
Alberta, Canada

Correction notice This article has been corrected since it published Online First.
The guideline title has been amended to: Canadian Society for Exercise Physiology
2025 Canadian Guideline for Physical Activity, Sedentary Behaviour and Sleep
throughout the First Year Postpartum.

X Margie H Davenport @ExercisePreg

Contributors MHD, S-MR, MUA, KF contributed to the conception of the study.
MHD, S-MR, MUA, AS contributed to the design of the study and development of
the search strategy. AS conducted the systematic search. PATJ, AM, TS, SM, JBW
completed the acquisition of data. AM, PATJ performed the data analysis. MHD,
S-MR, MUA, PATJ, AM assisted with the interpretation. PATJ and MHD 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. MHD is the guarantor.

Funding AM is funded by a Mitacs Studentship. MHD is funded by a Christenson
Professorship in Active Healthy Living. S-MR is funded by the Université du Québec a
Trois-Riviéres research chair in physical activity and maternal and neonatal health.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s).

It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not
have been peer-reviewed. Any opinions or recommendations discussed are
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all
liability and responsibility arising from any reliance placed on the content.
Where the content includes any translated material, BMJ does not warrant the
accuracy and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug dosages), and
is not responsible for any error and/or omissions arising from translation and
adaptation or otherwise.

ORCID iDs

Paris AT Jones http://orcid.org/0009-0004-9830-2265

Amy Moolyk http://orcid.org/0009-0006-2142-5093
Stephanie-May Ruchat http://orcid.org/0000-0002-2140-7526
Muhammad Usman Ali http://orcid.org/0000-0002-8516-3057
Allison Sivak http://orcid.org/0000-0002-8100-9888

Margie H Davenport http://orcid.org/0000-0001-5627-5773

REFERENCES

1 Mosca L, Benjamin EJ, Berra K, et al. Effectiveness-based guidelines for the prevention
of cardiovascular disease in women--2011 update: a guideline from the American
Heart Association. J Am Coll Cardiol 2011;57:1404-23.

2 Parikh NI, Gonzalez JM, Anderson CAM, et al. Adverse Pregnancy Outcomes and
Cardiovascular Disease Risk: Unique Opportunities for Cardiovascular Disease
Prevention in Women: a Scientific Statement From the American Heart Association.
Circulation 2021;143:€902-16.

3 Kek HP, Su YT, Tey SJ, et al. The joint effect of gestational diabetes mellitus and
hypertension contribute to higher risk of diabetes mellitus after delivery: a nationwide
population-based study. BMC Pregnancy Childbirth 2023;23:539.

Jones PAT, et al. Br J Sports Med 2025;59:539-549. doi: 10.1136/bjsports-2024-108483

547

'saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
"1sanb Aqg Gzoz ‘0 Aew uo jwoo fwg wslgy/:dny woly papeojumod 720z 1800190 L U0 £8¥80T-¥Z0Z-s110ds[0/9€TT 0T Se paysiignd 1siy :psN suods r 1g


https://x.com/ExercisePreg
http://orcid.org/0009-0004-9830-2265
http://orcid.org/0009-0006-2142-5093
http://orcid.org/0000-0002-2140-7526
http://orcid.org/0000-0002-8516-3057
http://orcid.org/0000-0002-8100-9888
http://orcid.org/0000-0001-5627-5773
http://dx.doi.org/10.1016/j.jacc.2011.02.005
http://dx.doi.org/10.1161/CIR.0000000000000961
http://dx.doi.org/10.1186/s12884-023-05829-6
http://bjsm.bmj.com/

Systematic review

4 Vounzoulaki E, Khunti K, Abner SC, et a/. Progression to type 2 diabetes in women 36 Wan X, Wang W, Liu J, et al. Estimating the sample mean and standard deviation from
with a known history of gestational diabetes: systematic review and meta-analysis. the sample size, median, range and/or interquartile range. BMC Med Res Methodol
BMJ 2020;369:m1361. 2014;14:135.

5 Mohamed N, Dooley J. Gestational diabetes and subsequent development of 37 Luo D,Wan X, Liu J, et al. Optimally estimating the sample mean from the sample
NIDDM in aboriginal women of northwestern Ontario. Int J Circumpolar Health size, median, mid-range, and/or mid-quartile range. Stat Methods Med Res
1998,57:355-8. 2018;27:1785-805.

6 Mongraw-Chaffin ML, Cirillo PM, Cohn BA. Preeclampsia and cardiovascular disease 38 Bae YJ, Leem EJ, Kim SY, et /. Influence of Exercise Participation on Changes of Body
death: prospective evidence from the child health and development studies cohort. Composition, Physical Fitness and Breast Milk Composition in Milk Feeding Women.
Hypertension 2010;56:166~71. Korean J Exerc Nutr 2004,8:17-22.

7 Magnus MC, Wallace MK, Demirci JR, et /. Breastfeeding and Later-Life 39 Berry D, Sarah V, Emily GH, et al. A Postpartum Community-Based Weight
Cardiometabolic Health in Women With and Without Hypertensive Disorders of Management Intervention Designed for Low-Income Women: feasibility and Initial
Pregnancy. J Am Heart Assoc 2023;12:¢026696. Efficacy Testing. / Nat/ Black Nurses Assoc 2015;26:29-39.

8 Gunderson EP. Impact of breastfeeding on maternal metabolism: implications for 40 Bertz F, Brekke HK, Ellegdrd L, et al. Diet and exercise weight-loss trial in lactating
women with gestational diabetes. Curr Diab Rep 2014;14:460. overweight and obese women. Am J Clin Nutr 2012;96:698-705.

9 World Health Organization. Breastfeeding. World Health Organization; 2024. 41 Brekke HK, Bertz F, Rasmussen KM, et a/. Diet and exercise interventions among

10 Tenforde AS, Toth KES, Langen E, et al. Running habits of competitive runners during overweight and obese lactating women: randomized trial of effects on cardiovascular
pregnancy and breastfeeding. Sports Health 2015;7:172-6. risk factors. PLoS One 2014;9:e88250.

11 Ostgaard HC, Zetherstrom G, Roos-Hansson E, et al. Reduction of Back and Posterior 42 Colleran HL, Wideman L, Lovelady CA. Effects of energy restriction and exercise on
Pelvic Pain in Pregnancy. Spine (Phila Pa 1986) 1994;19:894-900. bone mineral density during Iactation.l Med Sci Sports Exerc 2Q1 2,44:1570-9.

12 Huber M, Malers E, Tundn K. Pelvic floor dysfunction one year after first childbirth in 43 Dewey K_G' Lovellady CA, Nolmmsen-Rlvers LA, ez‘a/.A randomized study of'the effects
relation to perineal tear severity. Sci Rep 2021;11:12560. ?f a/ejr[;\t;‘cde?ggr;;)(y) fz;atgg women on breast-milk volume and composition. N

: ; ; ; ngl J Me ;330:449-53.

13 E)c():r)cvivsseklatz, f:c:::Ibg%ol-::’n;l?}ii;in'\gl:]ftilrosl::;t;l]ccy??i\?;j;o; Soict)/:op Surg 44 Ferrara A, Hedderson MM, Brown SD, et al. The Comparative Effectiveness of Diabetes
2021:29:e805-14. Prevention Strategies to Reduce Postpartum Weight Retention in Women With

14 Dalbye R, Gunnes N, Blix E, et al. Maternal body mass index and risk of obstetric, Slestftio'{laldDiabetzscMeltlitllJls:dtf%e' ?%Fagopa‘giab;tgigEgggg o7n4M0ms (GEM)

. h : uster Randomized Controlled Trial. Diabetes Care ;39:65-74.

:;zt;{:isﬂg ;:Soer:aot? 1:;5; TC];S ';biﬁ:togy;?gy/ gz::(lj“%;ﬁgg?;rgg‘h 45 Holmes .VA’ Draffin CR,. Patterspn CC, eta{. Postn.atal Lifestyle Inter\{ention for

15 Cavazos-Rehg PA, Krauss MJ, Spitznagel EL, et al. Maternal age and risk of labor and ?r‘i’:‘r‘y?ﬁ:E_Y]V;OT;;!/V/'\t;eg;vz'%ﬂ;ﬁ%sg@;f;;l g;abetes; a Randomized Controlled

16 g?cl;:jewrngol\r/InglIEittl)ol\r;lsEl,Agfée\;\:[r;g:IIGdeL/:taglf.llinggs’I::gé;\ffnzci;;Quideline 46 Huvinen E, Koivu;alo SB, Meinila J, eta/. Eﬁects of a Lifestyle Intervention puring
development, reporting and evaluation in health care. CMAJ 2010;182:E839-42. Er%gnancy/ i;dtngzt(ffg?ggtﬂrgesga;;'nd'ngs From the RADIEL Study. J Clin

17 Ross R, Chaput JP, Giangregorio LM, et al. Canadian 24-Hour Movement Guidelines 47 JinWOErflfr:eits o?jlifest Il e | bolism i havi
for Adults aged 18-64 years and Adults aged 65 years or older: an integration L . yle intervention on glycometabolism in women having
of physical activity, sedentary behaviour, and sleep. App/ Physiol Nutr Metab gggtatlgngl diabetes mellitus andl |mpa|rgd g\uccl)sle toIeranFe after dgllvery. 201 2
2020:45:557-102. 48 Juliusdottir PJ, et al. Treatment with physical activity following gestational diabetes.

18 Page MJ, McKenzie JE, Bossuyt PM, et a/. The PRISMA 2020 statement: an updated 19 ﬁ;kf&bfid[gao:\/?(‘)lgsH!\—)/\ESE}?eoc;[ of the Combined Exercise on Serum Lipids and

o . e vy , , . pids an

quideline for reporting systematic reviews. M/ 2021’3.72'.n71' o Health-related Fitness in Postpartum Obesity. J Korea Sport Res 2007;18:177-86.

19 Moher D, Shamseer L, Clarke M, et a/. Preferred reporting items for systematic review 50 Lee D-T, Bae Y-L. Effects of Combined Aerobic and Strengthening Exercises on
and meta—anglyms protocols (PRISMA-P) 2015 staFement. 3yst Rev 201 5;4:1'. ) Weight Changes and Fitness Profiles in Postpartum Women. Int J Hum Mov Sci

20 Garber CE, Blissmer B, Deschenes MR, et al. American College of Sports Medicine 2009:3:123-32.
pOS'T'O” stgnd. Quantity and quality of exercise for dlevelop}ng and maintaining 51 Lee KW, Tan SF, Omar A, et al. Effectiveness of system-based intervention in reducing
cardloresplratory, musculo;kgletal, anfi neuromotor fitness in apparently healthy incidence of type 2 diabetes and to improve the postnatal metabolic profiles in
adults: guidance for prescnbmg exercise. Med Sg Spor{sAExerc 20.1 1;43:1334_,59' women with gestational diabetes mellitus: a randomized controlled study. Gynecol

21 Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical Endocrinol 2022:38:55-62.
fitness: definitions and distinctions for health-related research. Pub Health Rep 52 Lovelady CA, Galrner KE, Moreno KL, et al. The effect of weight loss in overweight,
1985;100:126-31. . o ) ) lactating women on the growth of their infants. N Engl J Med 2000;342:449-53.

22 Balshem H, Helfand M, Schiinemann H), et al. GRADE guidelines: 3. Rating the quality 53 Lovelady CA, Williams JP, Garner KE, et al. Effect of energy restriction and exercise on
of evidence. J Clin Ep/demlol 2011;64:401-6. . ) ) vitamin B-6 status of women during lactation. Med Sci Sports Exerc 2001;33:512-8.

23 Guyatt GH, Oxman AD, Vist G, et al. GRADE guidelines: 4. Rating the quality of 54 Lovelady CA, Bopp MJ, Colleran HL, et al. Effect of exercise training on loss of bone
evidence--study limitations (risk of bias). J Clin Epidemiol 2011,64:407-15. mineral density during lactation. Med Sci Sports Exerc 2009;41:1902-7.

24 Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 8. Rating the quality of 55 McCrory MA, Nommsen-Rivers LA, Molé PA, et al. Randomized trial of the short-
evidence--indirectness. / Clin Epidemiol 2011;64:1303-10. term effects of dieting compared with dieting plus aerobic exercise on lactation

25 Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 7. Rating the quality of performance. Am J Clin Nutr 1999;69:959-67.
evidence--inconsistency. J Clin Epidemiol 2011;64:1294-302. 56 McIntyre HD, Peacock A, Miller YD, et al. Pilot study of an individualised early

26 Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines 6. Rating the quality of postpartum intervention to increase physical activity in women with previous
evidence--imprecision. J Clin Epidemiol 2011;64:1283-93. gestational diabetes. Int J Endocrinol 2012;2012:892019.

27 Guyatt GH, Oxman AD, Montori V, et al. GRADE guidelines: 5. Rating the quality of 57 McManus R, Miller D, Mottola M, et a/. Translating Healthy Living Messages
evidence--publication bias. J Clin Epidemiol 2011;64:1277-82. to Postpartum Women and Their Partners After Gestational Diabetes (GDM):

28 Howard B, Mark H, Holger JS. GRADE guidelines: 3. Rating the quality of evidence. J body Habitus, A1, Lifestyle Habits, and Program Engagement Results From
Clin Epidemiol 2011;64:401-6. the Families Defeating Diabetes (FDD) Randomized Trial. Am J Health Promot

29 Munn Z, Stone JC, Aromataris E, et al. Assessing the risk of bias of quantitative 2018:32:1438-46.
analytical studies: introducing the vision for critical appraisal within JBI systematic 58 Nicklas JM, Zera CA, England LJ, et al. A web-based lifestyle intervention for women
reviews. JB/ Evid Synth 2023;21:467-71. with recent gestational diabetes mellitus: a randomized controlled trial. Obstet

30 Barker TH, Stone JC, Sears K, et al. The revised JBI critical appraisal tool for Gynecol 2014;124:563-70.
the assessment of risk of bias for randomized controlled trials. JB/ Evid Synth 59 O'Reilly SL, Dunbar JA, Versace V, et al. Mothers after Gestational Diabetes in Australia
2023;21:494-506. (MAGDA): a Randomised Controlled Trial of a Postnatal Diabetes Prevention Program.

31 Guyatt G, Zhao Y, Mayer M, et al. GRADE guidance 36: updates to GRADE's approach PLoS Med 2016;13:21002092.
to addressing inconsistency. J Clin Epidemiol 2023;158:70-83. 60 Pérez-Ferre N, Del Valle L, Torrejon M, et al. Diabetes mellitus and abnormal

32 Zeng L, Brignardello-Petersen R, Hultcrantz M, et al. GRADE Guidance 34: update glucose tolerance development after gestational diabetes: a three-year, prospective,
on rating imprecision using a minimally contextualized approach. J Clin Epidemiol randomized, clinical-based, Mediterranean lifestyle interventional study with parallel
2022;150:216-24. groups. Clin Nutr 2015;34:579-85.

33 DerSimonian R, Laird N. Meta-analysis in clinical trials. Cont Clin Trials 61 Phelan S, Hagobian T, Brannen A, et a/. Effect of an Internet-Based Program on Weight
1986;7:177-88. Loss for Low-Income Postpartum Women: a Randomized Clinical Trial. Obstet Gynecol

34 Cohen J. Statistical power analysis for the behavioural sciences. Hillsdale NJ: Lawrence Surv 2017;72:577-9.
Erlbaum Associates, Publishers, 1988. 62 Riemer M, Schulze S, Wagner L, et al. Cardiovascular Risk Reduction in Women

35 ShilJ, Luo D, Weng H, et al. Optimally estimating the sample standard deviation from Following Hypertensive Disorders of Pregnancy - a Prospective, Randomised,
the five-number summary. Res Synth Methods 2020;11:641-54. Controlled Interventional Study. Geburtshilfe Frauenheilkd 2021;81:966—78.

548 Jones PAT, et al. Br J Sports Med 2025;59:539-549. doi: 10.1136/bjsports-2024-108483

'saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
"1sanb Aqg Gzoz ‘0 Aew uo jwoo fwg wslgy/:dny woly papeojumod 720z 1800190 L U0 £8¥80T-¥Z0Z-s110ds[0/9€TT 0T Se paysiignd 1siy :psN suods r 1g


http://dx.doi.org/10.1136/bmj.m1361
https://pubmed.ncbi.nlm.nih.gov/10093305
http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.150078
http://dx.doi.org/10.1161/JAHA.122.026696
http://dx.doi.org/10.1007/s11892-013-0460-2
http://dx.doi.org/10.1177/1941738114549542
http://dx.doi.org/10.1097/00007632-199404150-00005
http://dx.doi.org/10.1038/s41598-021-91799-8
http://dx.doi.org/10.5435/JAAOS-D-21-00044
http://dx.doi.org/10.1111/aogs.14017
http://dx.doi.org/10.1007/s10995-014-1624-7
http://dx.doi.org/10.1503/cmaj.090449
http://dx.doi.org/10.1139/apnm-2020-0467
http://dx.doi.org/10.1136/bmj.n71
http://dx.doi.org/10.1186/2046-4053-4-1
http://dx.doi.org/10.1249/MSS.0b013e318213fefb
https://pubmed.ncbi.nlm.nih.gov/3920711
http://dx.doi.org/10.1016/j.jclinepi.2010.07.015
http://dx.doi.org/10.1016/j.jclinepi.2010.07.017
http://dx.doi.org/10.1016/j.jclinepi.2011.04.014
http://dx.doi.org/10.1016/j.jclinepi.2011.03.017
http://dx.doi.org/10.1016/j.jclinepi.2011.01.012
http://dx.doi.org/10.1016/j.jclinepi.2011.01.011
http://dx.doi.org/10.1016/j.jclinepi.2010.07.015
http://dx.doi.org/10.1016/j.jclinepi.2010.07.015
http://dx.doi.org/10.11124/JBIES-22-00224
http://dx.doi.org/10.11124/JBIES-22-00430
http://dx.doi.org/10.1016/j.jclinepi.2023.03.003
http://dx.doi.org/10.1016/j.jclinepi.2022.07.014
http://dx.doi.org/10.1016/0197-2456(86)90046-2
http://dx.doi.org/10.1002/jrsm.1429
http://dx.doi.org/10.1186/1471-2288-14-135
http://dx.doi.org/10.1177/0962280216669183
http://dx.doi.org/10.3945/ajcn.112.040196
http://dx.doi.org/10.1371/journal.pone.0088250
http://dx.doi.org/10.1249/MSS.0b013e318251d43e
http://dx.doi.org/10.1056/NEJM199402173300701
http://dx.doi.org/10.1056/NEJM199402173300701
http://dx.doi.org/10.2337/dc15-1254
http://dx.doi.org/10.1210/jc.2017-02654
http://dx.doi.org/10.1210/jc.2017-02477
http://dx.doi.org/10.1210/jc.2017-02477
https://pubmed.ncbi.nlm.nih.gov/31782747
http://dx.doi.org/10.1080/09513590.2021.1988561
http://dx.doi.org/10.1080/09513590.2021.1988561
http://dx.doi.org/10.1056/NEJM200002173420701
http://dx.doi.org/10.1097/00005768-200104000-00002
http://dx.doi.org/10.1249/MSS.0b013e3181a5a68b
http://dx.doi.org/10.1093/ajcn/69.5.959
http://dx.doi.org/10.1155/2012/892019
http://dx.doi.org/10.1177/0890117117738210
http://dx.doi.org/10.1097/AOG.0000000000000420
http://dx.doi.org/10.1097/AOG.0000000000000420
http://dx.doi.org/10.1371/journal.pmed.1002092
http://dx.doi.org/10.1016/j.clnu.2014.09.005
http://dx.doi.org/10.1097/01.ogx.0000525837.98272.39
http://dx.doi.org/10.1097/01.ogx.0000525837.98272.39
http://dx.doi.org/10.1055/a-1345-8733
http://bjsm.bmj.com/

Systematic review

63

64

65

66

67

68

69

70

A

72

73

74

75

76

77

78

Tandon N, Gupta Y, Kapoor D, et al. Effects of a Lifestyle Intervention to Prevent
Deterioration in Glycemic Status Among South Asian Women With Recent Gestational
Diabetes: a Randomized Clinical Trial. JAMA Netw Open 2022;5:e220773.
Teychenne M, Abbott G, Stephens LD, et al. Mums on the Move: a pilot randomised
controlled trial of a home-based physical activity intervention for mothers at risk of
postnatal depression. Midwifery 2021;93.

Tripette J, Murakami H, Gando Y, et al. Home-based active video games to promote
weight loss during the postpartum period. Med Sci Sports Exerc 2014;46:472-8.
Vega-Lopez S, Pignotti GAP, Keller C, et a/. Participation in a Social-Support Physical
Activity Intervention Modestly Improves Lipoprotein Cholesterol Distribution Among
Postpartum Sedentary Hispanic Women. J Phys Act Health 2015;12:1289-97.
Youngwanichsetha S, Phumdoung S, Ingkathawornwong T. The effects of tai chi
gigong exercise on plasma glucose levels and health status of postpartum T

hai women with type 2 diabetes: Original Article. focus on Alt & Comp Therapy
2013;18:182-7.

Yu X, Wu X, Zhang Y, et al. The Effects of Lifestyle Intervention on Insulin Resistance
and Islet B Cell Function in Gestational Diabetes Patients with Postpartum Impaired
Glucose Regulation. Chin J Prev Contr Chron Dis 2012;20.

Zilberman-Kravits D, Meyerstein N, Abu-Rabia Y, et a/. The Impact of a Cultural
Lifestyle Intervention on Metabolic Parameters After Gestational Diabetes Mellitus A
Randomized Controlled Trial. Matern Child Health J 2018;22:803—11.

Zourladani A, Zafrakas M, Chatzigiannis B, et al. The effect of physical exercise

on postpartum fitness, hormone and lipid levels: a randomized controlled trial in
primiparous, lactating women. Arch Gynecol Obstet 2015;291:525-30.

Lovelady CA, Nommsen-rivers LA, McCrory MA, et al. Effects of exercise on plasma
lipids and metabolism of lactating women. Med Sci Sports Exerc 1995;27:22.
Davenport MH, Giroux I, Sopper MM, et a/. Postpartum exercise regardless of intensity
improves chronic disease risk factors. Med Sci Sports Exerc 2011;43:951-8.

Nicklas JM, Pyle L, Soares A, et al. The Fit After Baby randomized controlled trial: an
mHealth postpartum lifestyle intervention for women with elevated cardiometabolic
risk. PLoS One 2024;19:€0296244.

Thomson JL, Goodman MH, Tussing-Humphreys LM, et al. Infant growth outcomes
from birth to 12 months of age: findings from the Delta Healthy Sprouts randomized
comparative impact trial. Obes Sci Pract 2018;4:299-307.

Wagner KA, St Laurent CW, Pekow P, et a/. The Impact of a Lifestyle Intervention on
Postpartum Cardiometabolic Risk Factors Among Hispanic Women With Abnormal
Glucose Tolerance During Pregnancy: secondary Analysis of a Randomized Trial. / Phys
Act Health 2024;21:40-50.

Scholten RR, Thijssen DJH, Lotgering FK, et a/. Cardiovascular effects of aerobic
exercise training in formerly preeclamptic women and healthy parous control subjects.
Am J Obstet Gynecol 2014;211:516.

Razai MS, Trinder B, Perry A, et al. Encouraging brisk walking with the free Active10
app in postnatal women who had a hypertensive pregnancy: just Walk It feasibility
study. PLoS One 2023;18:e0282066.

Brites-Lagos C, Ramos L, Szumilewicz A, et al. Feasibility of a Supervised Postpartum
Exercise Program and Effects on Maternal Health and Fitness Parameters-Pilot Study.
Healthcare (Basel) 2023;11:2801.

79

80

8

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

Horn J, Kolberg M, Rangul V, et al. Feasibility of a Postpartum Web- and Phone-Based
Lifestyle Program for Women with a History of Preeclampsia or Gestational Diabetes:
a Pilot Intervention Study. Womens Health Rep 2023;4:345-57.

Darroch F, Schneeberg A, Brodie R, et al. Effect of Pregnancy in 42 Elite to World-
Class Runners on Training and Performance Outcomes. Med Sci Sports Exerc
2023;55:93-100.

Sonneville KR, Rifas-Shiman SL, Oken E, et a/. Longitudinal association of maternal
attempt to lose weight during the postpartum period and child obesity at age 3 years.
Obesity (Silver Spring) 2011;19:2046-52.

Lovelady CA, Lonnerdal B, Dewey KG. Lactation performance of exercising women.
Am J Clin Nutr 1990;52:103-9.

Sundgot-Borgen J, Sundgot-Borgen C, Myklebust G, et al. Elite athletes get pregnant,
have healthy babies and return to sport early postpartum. BMJ Open Sport Exerc Med
2019;5:e000652.

Snyder K, Pelster AK, Dinkel D. Healthy eating and physical activity among
breastfeeding women: the role of misinformation. BMC Pregnancy Childbirth
2020;20:470.

Larson-Meyer DE. Effect of postpartum exercise on mothers and their offspring: a
review of the literature. Obes Res 2002;10:841-53.

Wallace JP, Rabin J. The concentration of lactic acid in breast milk following maximal
exercise. Int J Sports Med 1991;12:328-31.

Wallace JP, Ernsthausen K, Inbar G. The influence of the fullness of milk in the breasts
on the concentration of lactic acid in postexercise breast milk. Int J Sports Med
1992;13:395-8.

Wallace JP, Inbar G, Ernsthausen K. Lactate Concentrations in Breast Milk
Following Maximal Exercise and a Typical Workout. J Womens Health (Larchmt)
1994;3:91-6.

Bartick MC, Stuebe AM, Schwarz EB, et al. Cost analysis of maternal disease
associated with suboptimal breastfeeding. Obstet Gynecol 2013;122:111-9.
Gunderson EP, Quesenberry CP, Ning X, et al. Lactation Duration and Midlife
Atherosclerosis. Obstet Gynecol 2015;126:381-90.

Alves AJ,Wu Y, Lopes S, et al. Exercise to Treat Hypertension: late Breaking News on
Exercise Prescriptions That FITT. Curr Sports Med Rep 2022;21:280-8.

Stanford KI, Goodyear LJ. Exercise and type 2 diabetes: molecular mechanisms
regulating glucose uptake in skeletal muscle. Adv Physiol Educ 2014;38:308-14.
Hegde SM, Solomon SD. Influence of Physical Activity on Hypertension and Cardiac
Structure and Function. Curr Hypertens Rep 2015;17:77.

Green DJ, Smith KJ. Effects of Exercise on Vascular Function, Structure, and Health in
Humans. Cold Spring Harb Perspect Med 2018;8:a029819.

Chauhan G, Tadi PP. Physiology, postpartum changes. Treasure Island (FL): StatPearls
Publishing, 2022.

Christopher SM, Garcia AN, Snodgrass SJ, et al. Common musculoskeletal
impairments in postpartum runners: an international Delphi study. Arch Physiother
2020;10:19.

GRADE handbook, 2013. Available: https://gdt.gradepro.org/app/handbook/
handbook.html

Jones PAT, et al. Br J Sports Med 2025;59:539-549. doi: 10.1136/bjsports-2024-108483

549

'saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq paloalold
"1sanb Aqg Gzoz ‘0 Aew uo jwoo fwg wslgy/:dny woly papeojumod 720z 1800190 L U0 £8¥80T-¥Z0Z-s110ds[0/9€TT 0T Se paysiignd 1siy :psN suods r 1g


http://dx.doi.org/10.1001/jamanetworkopen.2022.0773
http://dx.doi.org/10.1016/j.midw.2020.102898
http://dx.doi.org/10.1249/MSS.0000000000000136
http://dx.doi.org/10.1123/jpah.2014-0245
http://dx.doi.org/10.1007/s10995-018-2450-0
http://dx.doi.org/10.1007/s00404-014-3418-y
http://dx.doi.org/10.1249/00005768-199501000-00005
http://dx.doi.org/10.1249/MSS.0b013e3182051155
http://dx.doi.org/10.1371/journal.pone.0296244
http://dx.doi.org/10.1002/osp4.272
http://dx.doi.org/10.1123/jpah.2023-0145
http://dx.doi.org/10.1123/jpah.2023-0145
http://dx.doi.org/10.1016/j.ajog.2014.04.025
http://dx.doi.org/10.1371/journal.pone.0282066
http://dx.doi.org/10.3390/healthcare11202801
http://dx.doi.org/10.1089/whr.2023.0039
http://dx.doi.org/10.1249/MSS.0000000000003025
http://dx.doi.org/10.1038/oby.2011.25
http://dx.doi.org/10.1093/ajcn/52.1.103
http://dx.doi.org/10.1136/bmjsem-2019-000652
http://dx.doi.org/10.1186/s12884-020-03153-x
http://dx.doi.org/10.1038/oby.2002.114
http://dx.doi.org/10.1055/s-2007-1024691
http://dx.doi.org/10.1055/s-2007-1021287
http://dx.doi.org/10.1089/jwh.1994.3.91
http://dx.doi.org/10.1097/AOG.0b013e318297a047
http://dx.doi.org/10.1097/AOG.0000000000000919
http://dx.doi.org/10.1249/JSR.0000000000000983
http://dx.doi.org/10.1152/advan.00080.2014
http://dx.doi.org/10.1007/s11906-015-0588-3
http://dx.doi.org/10.1101/cshperspect.a029819
http://dx.doi.org/10.1186/s40945-020-00090-y
https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html
http://bjsm.bmj.com/

	Impact of postpartum physical activity on cardiometabolic health, breastfeeding, injury and infant growth and development: a systematic review and meta-­analysis
	Abstract
	Introduction﻿﻿
	Methods
	Study protocol and registration
	Eligibility criteria
	Population
	Intervention/exposure
	Comparison
	Outcomes
	Study design

	Additional considerations
	Information sources
	Study selection and data extraction
	Certainty of evidence assessment
	Statistical analysis
	Equity, diversity and inclusion statement

	Results
	Study selection
	Study characteristics
	Certainty of evidence
	Synthesis of data

	Randomised controlled trials
	Prevalence of diabetes
	Sensitivity analysis﻿﻿
	Subgroup analysis﻿﻿

	Fasted glucose
	Sensitivity analysis
	Subgroup analysis﻿﻿

	Hypertension prevalence
	Systolic blood pressure
	Sensitivity analysis
	Subgroup analysis

	Diastolic blood pressure
	Sensitivity analysis
	Subgroup analysis


	Other outcomes and study designs
	Discussion
	Conclusion
	References


