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Abstract

Background: Maternal metabolic health during the prenatal period is an established determinant of cardiometabolic
disease risk. Many studies have focused on poor offspring outcomes after exposure to poor maternal health, while few
have systematically appraised the evidence surrounding the role of maternal exercise in decreasing this risk.

The aim of this study is to characterize and quantify the specific impact of prenatal exercise on children’s
cardiometabolic health markers, at birth and in childhood.

Methods: A systematic review of Scopus, MEDLINE, EMBASE, CENTRAL, CINAHL, and SPORTDiscus up to
December 2017 was conducted.

Randomized controlled trials (RCTs) and prospective cohort studies of prenatal aerobic exercise and/or
resistance training reporting eligible offspring outcomes were included.

Four reviewers independently identified eligible citations and extracted study-level data. The primary
outcome was birth weight; secondary outcomes, specified a priori, included large-for-gestational age status,
fat and lean mass, dyslipidemia, dysglycemia, and blood pressure. We included 73 of the 9804 citations
initially identified. Data from RCTs was pooled using random effects models. Statistical heterogeneity was
quantified using the /* test. Analyses were done between June and December 2017 and the search was
updated in December 2017.
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Results: Fifteen observational studies (n=290,951 children) and 39 RCTs (n=6875 children) were included.
Observational studies were highly heterogeneous and had discrepant conclusions, but globally showed no
clinically relevant effect of exercise on offspring outcomes. Meta-analyzed RCTs indicated that prenatal exercise did not
significantly impact birth weight (mean difference [MD] —22.1 g, 95% confidence interval [Cl] =515 to 7.3 g, n =6766)
or large-for-gestational age status (risk ratio 0.85, 95% Cl 0.51 to 144, n=937) compared to no exercise. Sub-group
analyses showed that prenatal exercise reduced birth weight according to timing (starting after 20 weeks of gestation,
MD — 843 g, 95% Cl — 1422, — 264 g, n = 1124), type of exercise (aerobic only, MD —58.7 g, 95% Cl — 109.7, - 7.8 g;

n = 2058), pre-pregnancy activity status (previously inactive, MD —34.8 g, 95% Cl —69.0, — 0.5 g; n = 2829), and exercise
intensity (light to moderate intensity only, MD —455 g, 95% Cl — 824, —86 g; n=2651). Fat mass percentage at birth

relevant metabolic variables (e.g., fat and lean mass).

mass, Offspring

was not altered by prenatal exercise (0.19%, 95% Cl —0.27, 0.65%; n = 130), however, only two studies reported this
outcome. Other outcomes were too scarcely reported to be meta-analyzed.

Conclusions: Prenatal exercise does not causally impact birth weight, fat mass, or large-for-gestational-age status in a
clinically relevant way. Longer follow up of offspring exposed to prenatal exercise is needed along with measures of

Protocol Registration: Protocol registration number: CRD42015029163.
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Key Points

e In general, birth weight is not impacted in a clinically
significant manner by prenatal exercise programs.

e Our understanding of the impact of prenatal
exercise on the child’s metabolic health and future
risk of cardiometabolic disease is limited as very
few trials and cohort studies examined other health
indicators aside from birth weight—an imperfect
marker of health and future outcomes.

e Few trials and cohort studies followed up the
children to see potential lasting effects of maternal
prenatal exercise on their metabolic health.

e Clinicians looking to counsel their clients might
highlight that while prenatal exercise is perfectly
safe for the baby, the best evidence currently
available indicate exercise is not sufficient by itself
to protect the child against cardiometabolic
diseases.

Background

Obesity and metabolic syndrome are two of the most
common chronic diseases among children [1-3]. Recent
evidence suggests these conditions have their roots in
utero as maternal obesity, dyslipidemia, and hypergly-
cemia are associated with child cardiometabolic health
[4-9]. Animal- and population-based studies suggest
that prenatal exposures may influence offspring develop-
ment and cardiometabolic risk in childhood [10, 11].
Moderate-intensity exercise at least three times per week
can maintain or improve maternal physical fitness [12]
and cardiovascular health during pregnancy through a
decrease in blood pressure [13], plasma triglycerides [13,

14], and insulin resistance [15-17]. Therefore, prenatal
exercise could create a beneficial fetal milieu and re-
duce the risk of obesity and metabolic syndrome for
the offspring by regulating weight and cardiometa-
bolic factors at birth and later in childhood. However,
comprehensive syntheses of high-quality evidence on
this topic are scarce.

Previous systematic reviews examining the role of pre-
natal exercise on offspring outcomes have been con-
ducted with heterogeneous results and the interpretation
of their findings are limited for several reasons: (1) the
primary outcome of interest for previous systematic re-
views varied (birth weight or large-for-gestational age
(LGA) status); (2) inclusion criteria were variable (types
of exercise targeted; inclusion of diet as an intervention;
type and number of databases queried; low quality study
designs); (3) there were flaws in methodological rigor
(type of analysis, pooling heterogeneous studies to-
gether); and (4) few evaluated health outcomes in off-
spring beyond birth weight. The reviews that found a
reduction in birth weight (from —440 g, 95% confidence
interval [CI] - 610 to — 270 g [18], to — 31 g, 95%CI - 57
to —24 g [19], compared to sedentary controls) or LGA
status after exposure to prenatal exercise pooled
randomized trials and observational studies [18],
included interventions that combined exercise and diet-
ary changes [20], or used fixed effect models to analyze
the data [19]. Fixed effect models assume that one true
effect size is shared by all the included studies regardless
of the population or type of exercise studied. Thus,
utilizing a fixed effects model considers less variability in
the primary studies, and is more likely to reach statistical
significance with a large enough sample size [21].
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Random effect models should, thus, be preferred
when dealing with complex physiological conditions
like the effect of different prenatal exercises under-
gone by different populations on offspring parameters.
Other reviews [12, 22, 23] did not find any significant
impact of prenatal exercise on birth weight, but were
also limited by their specific scope [12, 23] or re-
stricted search strategy [22].

To overcome these limitations and update past reviews
[12, 18-20, 22, 23], we synthesized evidence from ran-
domized controlled trials and prospective cohort studies
separately to assess the impact of prenatal exercise on
offspring cardiometabolic risk factors including weight,
adiposity, and blood pressure at birth and in childhood
while investigating the effects of maternal body mass
index (BMI) and training variables. The clinical question
guiding this review was: “Does maternal exercise training
elicit short- and/or long-term cardiometabolic health
benefits in offspring, compared to no exercise training?”

Methods

Study Design

Using a protocol designed a priori (PROSPERO
#CRD42015029163), we conducted our systematic re-
view using methodological approaches outlined in the
Cochrane Handbook for Systematic Reviews [24] and re-
ported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) cri-
teria [25]. The search was targeted to identify studies to
address the specific research question: Do regular aer-
obic and/or resistance exercises during pregnancy, com-
pared to no exercise, reduce the risk of cardiometabolic
disease in offspring? We defined regular exercise as vol-
untary movements done to improve or maintain fitness
on a weekly basis for at least a month. The review team,
composed of researchers in the fields of physiology, ex-
ercise, and developmental origins of health and disease,
formulated the review question, reviewed the search
strategies and review methods, and provided input
throughout the review process.

Literature Search Strategy

We searched Medline (Ovid), EMBASE (Ovid), CENTRAL
(the Cochrane Library—Wiley), from inception to May
2016 for studies on prenatal pregnancy and cardiometabolic
outcomes in the offspring. We added Scopus (Elsevier),
CINAHL (EBSCO), and SPORTDiscus (EBSCO) to our
target databases following comments from reviewers and
reran the search through all six databases in May 2017. The
Cochrane Highly Sensitive Search Strategy [26] was used as
a model for searching; we designed search strategies spe-
cific to each database (see example on PROSPERO registra-
tion page). In order to identify ongoing or planned trials,
we searched the World Health Organization’s International
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Clinical Trials Registry Platform (ClinicalTrials.gov). In
addition to electronic searching, we hand-searched the
bibliographies of relevant narrative and systematic reviews
as well as those of included studies for additional citations.
The search was rerun in December 2017 to include add-
itional citations. Reference management was performed in
EndNote™ (ver. 16, Thompson Reuters).

Study Selection

We used a two-step process for study selection. First, all
titles and abstracts of search results were screened inde-
pendently in duplicate (by LG, NH, JLH, and CO) to de-
termine if a study met the general inclusion criteria. The
same reviewers independently examined the full texts of
relevant citations. Disagreements were resolved by dis-
cussion between the reviewers or by third-party adjudi-
cation (LG or DSK), as needed. We included only
randomized controlled trials or prospective cohort stud-
ies examining the impact of exercise undergone during
pregnancy (from conception to delivery) on offspring
cardiometabolic outcomes (see Table 1 for detailed in-
clusion and exclusion criteria). We hoped to reduce bias
by selecting studies with the best experimental and ob-
servational designs; observational cohorts were included
with the expectation that follow up data may be pro-
vided to inform long term offspring outcomes. No other
restrictions, including language or publication status,
were considered. The primary outcome measure was
birth weight. Secondary outcomes included offspring fat
and lean mass at birth, LGA status and weight, fat and
lean mass, blood pressure, dyslipidemia, and dysglycemia
at any time in childhood.

Data Extraction and Quality Assessment
Three reviewers (LG, NH, and JLH) extracted data from
included full texts using a standardized and piloted data
extraction form. Extracted data included funding sources,
demographics of the enrolled mothers and children
(country, gestational age at randomization, maternal age
at randomization, pre-pregnancy BMI, maternal smoking
status at randomization; child age at latest follow-up),
details of the prenatal exercise (type of exercise: aerobic
or resistance training, frequency, intensity, timing during
pregnancy; exercise measure: self-report or supervised),
and predetermined offspring outcomes as described
above and in Tables 1 and 2. When a trial reported re-
sults for more than one time period, results at birth and
at the longest follow up were extracted separately.
Intent-to-treat analysis was preferred when the data was
presented accordingly. Data management was performed
using Microsoft Word 2007 (Microsoft Corp).

We evaluated the internal validity of included studies
with the Cochrane Collaboration’s Risk of Bias tools [24,
27], in duplicate (LG and CO). Study authors were
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Table 1 Inclusion/exclusion criteria
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Inclusion

Exclusion

Study design

were done prospectively)

Population Pregnant women

Intervention (for

RCTs) weeks in duration

Exposure (for

cohorts) weeks in duration
Comparator No prenatal exercise
Outcomes At birth:

(offspring only) ~ « Weight (primary outcome)

+ Body composition (fat and/or lean mass)
- Large-for-gestational age status

At follow up (any time after birth):

« Weight

+ Body composition (fat and/or lean mass)
« Blood pressure

« Blood glucose

« Blood lipids

Timing Studies done at any point in time

Randomized controlled trial OR prospective cohort study
(including historical registry-based cohorts where measures

Aerobic and/or resistance (strength-) training exercises 2 4

Aerobic and/or resistance (strength-) training exercises = 4

Any other studies design, e.g., case-control, quasi-experimental,
cross-sectional, cluster randomized, retrospective studies (including
prospective studies where prenatal exercise was measured
retrospectively)

Non-human populations

Intervention > 60% non-aerobic/resistance training (e.g., yoga,
pilates, pelvic exercises);
Studies of acute exercise, or training < 4 weeks in duration

Exposures not distinguishing physical activity from aerobic/
resistance training; studies not documenting and/or linking prenatal
exercise to our offspring outcomes, eg studies only reporting
aggregate data for exercisers and non-exercisers

Unequal controls, e.g., controls do not receive the same diet
information as exercisers, controls also undergo exercise training
but to a different degree, etc.

Studies not reporting any of these offspring outcomes
Studies reporting these outcomes in a non-extractable format and
authors do not agree to share the original data

contacted if data as published was incomplete for the
needs of the review.

Data Synthesis and Analysis

We quantitatively analyzed data from the included stud-
ies using Review Manager (RevMan version 5.3.5, the
Cochrane Collaboration). Pooled dichotomous data, cal-
culated based on the generic inverse variance method,
are presented as a risk ratio (RR) and pooled continuous
data are expressed as a mean difference (MD), with 95%
confidence intervals (CI). Only random effects models
were used as populations and interventions varied. Stat-
istical heterogeneity was explored and quantified using
the I* test. After validation against the associated proto-
cols and/or trial registration information available, evi-
dence of selective reporting found for any of the
included trials was marked in the risk of bias assess-
ment. A sensitivity analysis grouping only studies with
low or unclear risk of bias was done for the primary out-
come. Our pre-defined sub-group analyses, which were
planned only for our primary outcome (birth weight)
and only with data from randomized controlled trials
(RCTs), were maternal pre-pregnancy activity level (in-
active vs. active), maternal pre-pregnancy BMI, type of
intervention (resistance training only vs. aerobic training
only vs. combined), timing of exercise (starting in the
first half of pregnancy, ie., <20 gestational weeks, vs.
starting after the first half, i.e., > 20 gestational weeks),

country of origin, and internal validity (high vs. moder-
ate/low quality). These sub-groups were intended to help
pinpoint which components, if any, were responsible for
the effect observed. Relevant components could then be
highlighted in research and clinical interactions to pro-
mote better effectiveness. All tests of statistical inference
reflect a two-sided a of 0.05.

Results

Search Results

Of 9804 citations identified through the literature
search, 54 unique studies conducted between 1993
and 2017 were included, of which 15 were cohort
studies [28-42] and 39 RCTs [43-81] with 19 com-
panion publications [82—100] (see Fig. 1 for the flow
chart and Tables 2 and 3 for studies characteristics).
Nine additional studies not included in the previous
meta-analyses were included [28, 51, 52, 55, 65, 70,
76, 77, 80]. Most studies (12) were conducted in the
USA [31, 33, 36, 37, 41, 42, 47, 49, 61, 66, 73, 92];
others were from Australia and New Zealand [29, 62,
101], Brazil [43, 52, 53, 63, 68, 74, 81], Canada [28,
65], Colombia [72], Croatia [80], Denmark [30, 32,
34, 35, 40], Finland [54], Iran [56, 57], Kosovo [67],
The Netherlands [69], Norway [55, 60, 102], Spain
[44—-46, 48, 50, 70, 79], Sweden [71], and the UK [38,
39, 76]. No study recruited previously active women,
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'-:'g (n=9792) (n=7)
3
N _ Duplicates
P - (n=2436)
v v
5
] Records screened (%) R Records excluded
§ (n=7363) d (n=7104)
A
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Full-text articles assessed Full-text articles excluded
for eligibility > (n=188)
g (n=259) 62 No relevant outcome
:-°§n 43 Ineligible design
= 12 Ineligible control
v 71 Ineligible intervention
or Exposure
) Studies included in
qualitative synthesis
) (n=71)
Including 15 cohorts not
- meta-analysed
=
£
A
Studies included in
— quantitative synthesis
(meta-analysis)
(n= 38)
With 18 additional
companion studies

\

Fig. 1 Flow diagram of literature search and study selection according to the 2009 Preferred Reporting Items of Systematic Reviews and Meta-Analyses
(PRISMA) with modifications [25]. *Companion articles represent reports involving the same study population for the same intervention trial, including
conference abstracts reporting findings from previous or subsequent full-length publications

16 recruited inactive women [43, 44, 46, 49, 52, 53,
55-58, 66—68, 70, 73, 92, 102], and the rest did not
use previous exercise levels as a criterion. Most stud-
ies did not consider maternal BMI in their inclusion
criteria, although eight specifically recruited women
with overweight and/or obesity [51, 55, 64, 68, 69, 75,
77, 81], and three [49, 57, 65] women without over-
weight. The majority of experimental trials included
healthy pregnant women, except five who targeted
women with type 1 [61] or gestational diabetes [47,
52, 69, 74, 80], whereas observational cohorts were
locally representative [31, 32, 41, 42], nationally repre-
sentative [28, 30, 34, 35, 38-40], or convenience

samples [29, 36, 37]. The funnel plot indicates that
studies where exposure to prenatal exercise reduced
birth weight were probably more likely to be pub-
lished, at least for the smaller studies (Additional file 1:
Fig. S1; especially seen for smaller studies). Concern-
ing internal validity, most trials were adjudicated as
of low or unclear risk of bias [43-46, 49, 52, 53, 57—
59, 63, 67, 68, 74, 75, 83] (see Additional file 2: Fig.
S2). The remaining trials were considered as high risk
of bias due to their high dropout rates and unclear/ineffi-
cient blinding methods. All cohorts but one [29] were ad-
judicated at serious risk of bias, usually due to selection
bias or missing data (Additional file 3: Fig. S3).
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Evidence from Observational Studies
Primary Outcome: Birth weight
Fifteen observational studies investigated the relation-
ship between exercise in pregnancy and offspring
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cardiometabolic outcomes (see Table 2). They were too
heterogenous in terms of exposure assessment and out-

come reporting to be meta-analyzed. For the primary

outcome, two cohorts found an increased average birth

Test for subgroup differences: Chi? = 1.25, df = 3 (P = 0.74), I = 0%

Favours prenatal exercise Favours no exercise

Fig. 2 Forest plot of pooled mean differences for birth weight after exposure to prenatal exercise vs. no exercise

Exercise No exercise Mean Difference Mean Difference
Study or Subgroup Mean [g] SD[g] Total Mean[g] SD[g] Total Weight 1V, Rand 95% Cl [9] 1V, Randi 95% Cl [g]
1.1.1 All Pre-gestational BMIs
Avery 1997[47] 3,419 528 15 3,609 428 14 0.7% -190.00 [-538.80, 158.80] —
Baciuk 2008[43] 3,222.2 562.7 33 3,312.7 656.1 37 1.0% -90.50 [-376.07, 195.07] 7
Barakat 2009[44] 3,165 411 72 3,307 477 70 3.1% -142.00 [-288.62, 4.62] I
Barakat 2013[46] 3,203 461 138 3,232 448 152 5.1% -29.00 [-133.82, 75.82] /1
Barakat 2014[48] 3,186.6 440.76 107 3,261.18 466.59 93 3.9% -74.58 [-200.94, 51.78] I
Barakat 2016[45] 3,252 438 382 3,218 453 383 8.6% 34.00 [-29.15, 97.15] ™
Clapp 2000[49] 3,660 900 22 3,430 900 24 0.3%  230.00 [-290.66, 750.66]
Cordero 2014[50] 3,324.1 4331 101 3,250.1 425.01 156 4.9% 74.00 [-33.62, 181.62] T
Daly 2017[51] 3,632.2 4771 44 3,634 5523 43 1.6% -1.80 [-218.88, 215.28] - 1
de Barros 2010[52] 3,230 450 32 3,300 490 32 1.5% -70.00 [-300.50, 160.50] I
de Oliveria Melo 2012 13 GW[53] 3,279 4531 54 3,378 593.2 29 1.3% -99.00 [-346.42, 148.42] I
de Oliveria Melo 2012 20 GW[53] 3,285 4773 60 3,378 593.2 29 1.3% -93.00 [-340.38, 154.38] —
Erkkola 1976[54] 3,584 358 23 3,496 433 21 1.4% 88.00 [-148.01, 324.01] I
Garnaes 2017[55] 3,719 695 38 3,912 413 36 1.2%  -193.00 [-451.90, 65.90] —
Garshasbi 2005[56] 3,426 675 107 3,500 431 105 3.0% -74.00 [-226.16, 78.16] - 1
Ghodsi 2014[57] 3,095 339.45 40 3,255 349.68 40 3.0% -160.00 [-311.03, -8.97]
Guelfi 2016[58] 3,552 469 84 3,419 518 85  3.1% 133.00 [-15.95, 281.95] T
Haakstad 2011[59] 3,477 424 52 3,542 464 53 2.5% -65.00 [-234.96, 104.96] L
Hellenes 2015[60] 3515 534 429 3523 546 426 7.6% -8.00 [-80.40, 64.40] -
Hollingsworth 1987[61] 3,140 658 13 3,582 819 21 0.3% -442.00 [-942.64, 58.64]
Hopkins 2010[62] 3,426 427 47 3,569 433 37 21% -143.00 [-328.39, 42.39] T
KihIstrand 1999[78] 3,618 457 122 3,635 601 119 3.6% -17.00 [-152.04, 118.04] I
Kong 2014[64] 3,650 475 18 3,765 470 19 0.9% -115.00 [-419.65, 189.65] —
Labonté-Lemoyne 2017[65] 3,393.7 371.56 10 3,650.25 357.57 8 0.7% -256.55 [-594.82, 81.72] 7
Marquez-Sterling 2000[66] 3,5615.4 2749 9 13,7223 504.6 6 0.4% -206.90 [-648.80, 235.00] —
Murtezani 2014[67] 3,250.8 465 30 3,237.9 3689 33 1.7% 12.90 [-195.74, 221.54] -
Nascimento 2011[68] 3,267.4 700.4 40 3,2284 5913 42 1.0% 39.00 [-242.23, 320.23]
Oostdam 2012[69] 3,524 591 52 3,352 591 53  1.5% 172.00 [-54.09, 398.09] 1
Perales 2016[70] 3,183.6 446.8 83 3,232.1 3832 83 3.9% -48.50 [-175.13, 78.13] -1
Petrov Fieril 2014[71] 3,561 452 38 3,251 437 34 1.8% 310.00 [104.50, 515.50]
Pinzon 2012[72] 3,013.2 4938 18  3,133.3 4065 17 0.9% -120.10 [-419.06, 178.86] —
Price 2012[73] 3,329 519 31 3,308 103 31 21% 21.00 [-165.26, 207.26] I —
Ramos 2015[74] 3,602 714.2 2 14,0375 1805 4 0.1% -435.50 [-1440.99, 569.99] ¢
Ruiz 2013[79] 3,234 453 481 3,239 433 481 9.4% -5.00 [-61.00, 51.00] T
Santos 2005[81] 3,363 504 37 3,368 518 35 1.4% -5.00 [-241.27, 231.27] T
Seneviratne 2016[75] 3,578 630 37 3,594 469 37  1.2%  -16.00 [-269.07, 237.07] -1
Sklempe 2017[80] 3,56145 4136 18 3,377 4943 20 1.0%  137.50 [-151.36, 426.36] ]
Ussher 2015[76] 3,132.4 5817 354 3,146.8 640 359 6.1% -14.40 [-104.15, 75.35] -
Wang 2017[77] 3,345.27 397.07 112 3,457.46 446 114 4.8% -112.19 [-222.24, -2.14] I
Subtotal (95% CI) 3385 3381 100.0% -22.12 [-51.54, 7.29] ¢
Heterogeneity: Tau? = 1582.03; Chi? = 48.64, df = 38 (P = 0.12); I* = 22%
Test for overall effect: Z = 1.47 (P = 0.14)
1.1.2 Pre-gestational BMI <25
Clapp 2000[49] 3,660 900 22 3,430 900 24 6.4%  230.00 [-290.66, 750.66]
Ghodsi 2014[57] 3,095 33945 40 3255 349.68 40 32.9%  -160.00 [-311.03, -8.97] ——
Labonté-Lemoyne 2017[65] 3,393.7 371.56 10 3,650.25 357.57 8 13.1%  -256.55[-594.82, 81.72] D
Ruiz 2013[79] 3,219 433 335 3,215 419 352 47.7% 4.00 [-59.76, 67.76] :
Subtotal (95% CI) 407 424 100.0% -69.38 [-210.25, 71.49]
Heterogeneity: Tau? = 9782.22; Chi? = 6.59, df = 3 (P = 0.09); 1> = 54%
Test for overall effect: Z =0.97 (P = 0.33)
1.1.3 Pre-gestational BMI>25
Daly 2017[51] 3,632.2 4771 44 3,634 5523 43 7.8% -1.80 [-218.88, 215.28] -1
Garnaes 2017[55] 3,719 695 38 3,912 413 36 5.5% -193.00 [-451.90, 65.90] I
Kong 2014[64] 3,650 475 18 3,765 470 19  4.0% -115.00 [-419.65, 189.65] - 1
Nascimento 2011[68] 3,267.4 700.4 40 3,2284 5913 42 4.6% 39.00 [-242.23, 320.23] - 1
QOostdam 2012[69] 3,524 591 52 3,352 591 53 7.2% 172.00 [-54.09, 398.09] T
Ruiz 2013[79] 3,269 496 146 3,305 465 129 28.4% -36.00 [-149.63, 77.63] —
Santos 2005[81] 3,363 504 37 3,368 518 35 6.6% -5.00 [-241.27, 231.27] S B
Seneviratne 2016[75] 3,578 630 37 3,594 469 37 57%  -16.00 [-269.07, 237.07] Y B
Wang 2017[77] 3,345.27 397.07 112 3,457.46 446 114  30.3% -112.19 [-222.24, -2.14] —
Subtotal (95% CI) 524 508 100.0% -46.54 [-107.10, 14.02] L
Heterogeneity: Tau? = 0.00; Chi? = 7.11, df = 8 (P = 0.53); 12 = 0%
Test for overall effect: Z = 1.51 (P =0.13)
1.1.4 Pre-gestational BMI >30
Daly 2017[51] 3,632.2 4771 44 3,634 5523 43  62.5% -1.80 [-218.88, 215.28]
Kong 2014[64] 3,540 510 9 3,940 480 10 37.5% -400.00 [-846.68, 46.68]
Subtotal (95% Cl) 53 53 100.0% -151.08 [-528.90, 226.73]
Heterogeneity: Tau? = 47178.06; Chi* = 2.47, df = 1 (P = 0.12); I* = 60%
Test for overall effect: Z = 0.78 (P = 0.43)
t + + J
-1000 -500 0 500 1000
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weight after exposure to exercise [31, 33] (from +
109 g, p < 0.05 to + 276 g, 95%CI 54, 497, n = 434), nine
found no impact [28, 29, 32, 34, 36, 37, 39, 41, 42] (n =
143,432), and three lower average birth weight after
prenatal exercise [30, 35, 40] (from - 23 g, 95% CI - 44
to-1,to -0.72 g, 95% CI — 1.3 to - 0.1 g, n = 142,420).

Secondary Outcomes

Two studies found investigated the risk of being born LGA
after exposure to prenatal exercise. Although both found a
similar reduction in risk, none were statistically significant
(RR 0.83, 95% CI 0.67, 1.02, n=1913 [28]; prevalence
0.73%, 95% CI 0.10, 5.18%; n = 20,458 [41]). Two studies
reported long-term secondary outcomes after following up
offspring at 7.1 [40] and 15.5 years old [38]. No significant
relationships were found with exposure to prenatal exercise
on BMI, blood pressure, blood lipids, or fasting glucose in
these studies after adjustment for confounders.

Evidence from Randomized Controlled Trials

Primary Outcome

For the primary outcome, 38 trials involving 6766 preg-
nant women provided data for the meta-analysis of birth
weight (see Table 3). Compared to control condition (no
prenatal exercise), there was no difference in birth
weight after exercise interventions delivered in preg-
nancy at any time period, frequency, or intensity of exer-
cise (mean difference (MD): —22.1 g, 95% confidence
interval [CI] - 51.5 to 7.3 g; I 22%; see Fig. 2). Restricting
to the studies with healthy populations did not yield very
different results (MD - 23.6 g, 95% CI - 54.7, 7.5; I* 23%,
31 trials, n = 5777). The moderate statistical heterogeneity
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led us to conduct our pre-defined sub-group analyses.
Sub-grouping by maternal BMI indicated that prenatal ex-
ercise had no effect according to pre-pregnancy BMI cat-
egories (see Fig. 2), either < 25 kg/m? (MD - 69.4, 95% CI
- 210.3, 71.5; I 54%; four trials, 7 = 831), > 25 kg/m?* (MD
- 49.5,95% CI - 112.1, 13.2; I* 0%; eight trials, # = 960), or
>30 kg/m> (MD -151.1, 95% CI -528.9, 226.7; I 60%;
two trials; # =106). Sub-grouping according to maternal
pre-pregnancy activity level (inactive vs. active) indicated
that prenatal exercise could reduce birth weight in previ-
ously inactive women (MD - 34.8 g, 95% CI - 69.0, - 0.5 g;
I 0%; 18 trials, 7 = 2829); however, as no study specifically
included active women, we could not assess that
sub-group (Fig. 3). Sub-grouping according to type of exer-
cise showed that aerobic-only training similarly reduced
birth weight (MD - 58.7 g, 95% CI - 109.7, - 7.8; I* 12%;
17 studies, n = 2058), but resistance training only (5 trials,
n=543), or combined regimens (16 trials, » =4183) had
non-significant effects (see Fig. 4). Prenatal exercise
regimens starting after the 20th week of pregnancy margi-
nally reduced birth weight (MD - 84.3 g, 95% CI - 142.2,
- 264 g I 0%, n=1124), whereas interventions starting
before this time had no impact on birth weight (20 stu-
dies, n = 3853, see Fig. 5). Interventions that were light to
moderate intensity reduced birth weight (MD -45.5 g,
95% CI — 824, —8.6 g I’ 3%; 9 trials, n=2651) but not
those that were moderate to vigorous intensity (25 trials,
n =2992; Fig. 6). Finally, frequency of exercise did not im-
pact birth weight, whether interventions were less than
three times a week (4 trials, 7 = 1131) or at least that fre-
quent (31 trials, n =5408; Fig. 7). Restricting to studies
with low to moderate risk of bias did not yield different

Exercise No exercise

Study or Subgroup Mean [g] SD [g] Total Mean [g

SD [g] Total Weight

Mean Difference
IV, Random, 95% CI [g]

Mean Difference
IV, Random, 95% CI [g]

1.2.1 Inactive before pregnancy
Baciuk 2008[43]

Barakat 2009[44]

Barakat 2013[46]

Clapp 2000[49]

de Barros 2010[52]

de Oliveria Melo 2012 13 GW[53]
de Oliveria Melo 2012 20 GW[53]
Garnaes 2017[55]

Garshasbi 2005[56]

Ghodsi 2014[57]

Guelfi 2016[58]

Haakstad 2011[59]

Kong 2014[64]

32222 562.7 33
3,165 411 80
3,203 461 138
3,660 900 22
3,230 450 32
3,279 453.1 54
3,285 4773 60
3,719 695 38
3,426 675 107
3,095 339.45 40
3,552 469 84
3,477 424 52
3,650 475 18

3,312.7 656.1 37
3,307 477 80
3,232 448 152
3,430 900 24
3,300 490 32
3,378 5932 29
3,378 5932 29
3,912 413 36
3,500 431 105
3,255 349.68 40
3,419 518 85
3,542 464 53
3,765 470 19

10.7%

1.4%
6.1%

-90.50 [-376.07, 195.07]
-142.00 [-279.97, -4.03]
-29.00 [-133.82, 75.82]
230.00 [-290.66, 750.66]
-70.00 [-300.50, 160.50]
-99.00 [-346.42, 148.42]
-93.00 [-340.38, 154.38]
-193.00 [-451.90, 65.90]
-74.00 [-226.16, 78.16]
-160.00 [-311.03, -8.97]
133.00 [-15.95, 281.95]
-65.00 [-234.96, 104.96]
-115.00 [-419.65, 189.65]

0.4%
2.2%
1.9%
1.9%
1.7%
5.1%
5.1%
5.3%
4.1%
1.3%

|
T

Marquez-Sterling 2000[66] 3,515.4 2749 9 37223 504.6 6  0.6% -206.90 [-648.80, 235.00] ¢
Murtezani 2014[67] 3,250.8 465 30 13,2379 368.9 33 27% 12.90[-195.74, 221.54]
Nascimento 2011[68] 3,267.4 700.4 40 13,2284 591.3 42 1.5%  39.00 [-242.23, 320.23]
Perales 2016[70] 3,183.6 446.8 83 3,232.1 383.2 83 7.3%  -48.50[-175.13, 78.13] ]
Price 2012[73] 3,329 519 31 3,308 103 31 3.4%  21.00[-165.26, 207.26] ]
Ruiz 2013[79] 3,234 453 481 3,239 433 481 37.3% -5.00 [-61.00, 51.00] ——
Subtotal (95% Cl) 1432 1397 100.0% -34.75 [-68.97, -0.53] : 2
Heterogeneity: Tau? = 0.00; Chi? = 16.15, df = 18 (P = 0.58); I> = 0%
Test for overall effect: Z = 1.99 (P = 0.05)
-500 -250 0 250 500

Test for subgroup differences: Not applicable

Favours Exercise Favours No exercise

Fig. 3 Forest plot of pooled mean differences for birth weight after exposure to prenatal exercise vs. no exercise; sub-grouping by activity level
before pregnancy: active vs. inactive
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Exercise No exercise Mean Difference Mean Difference
Study or Subgroup Mean [g] SD[g] Total Mean|[g] SD[g] Total Weight IV, Random, 95% ClI [g] IV, Random, 95% Cl [g]
1.3.1 Resistance-only training
Barakat 2009[44] 3,165 411 80 3,307 477 80 24.1% -142.00 [-279.97, -4.03] —
de Barros 2010[52] 3,230 450 32 3,300 490 32 18.3% -70.00 [-300.50, 160.50] T
Garshasbi 2005[56] 3,426 675 107 3,500 431 105 23.2% -74.00 [-226.16, 78.16] —
Petrov Fieril 2014[71] 3,561 452 38 3,251 437 34 19.8% 310.00 [104.50, 515.50] —
Pinzon 2012[72] 3,013.2 4938 18 3,133.3 406.5 17 14.5% -120.10[-419.06, 178.86] Y
Subtotal (95% Cl) 275 268 100.0%  -20.27 [-180.73, 140.18]
Heterogeneity: Tau? = 22823.73; Chi* = 13.78, df = 4 (P = 0.008); I = 71%
Test for overall effect: Z = 0.25 (P = 0.80)
1.3.2 Aerobic-only training
Avery 1997[47] 3,419 528 15 3,609 428 14 2.0% -190.00 [-538.80, 158.80] -
Baciuk 2008[43] 3,222.2 5627 33 33,3127 656.1 37 3.0% -90.50 [-376.07, 195.07] - 1
Clapp 2000[49] 3,660 900 22 3,430 900 24 0.9%  230.00 [-290.66, 750.66]
de Oliveria Melo 2012 13 GW[53] 3,279 4531 54 3,378 593.2 29 3.9% -99.00 [-346.42, 148.42] - |
de Oliveria Melo 2012 20 GW[53] 3,285 4773 60 3,378 593.2 29 3.9% -93.00 [-340.38, 154.38] - 1
Erkkola 1976[54] 3,584 358 23 3,496 433 21 4.3% 88.00 [-148.01, 324.01] -
Ghodsi 2014[57] 3,095 339.45 40 3,255 349.68 40 9.3% -160.00 [-311.03, -8.97] -
Guelfi 2016[58] 3,552 469 84 3,419 518 85 9.5% 133.00 [-15.95, 281.95] T
Hollingsworth 1987[61] 3,140 658 13 3,682 819 21 1.0% -442.00 [-942.64,58.64] — - |
Hopkins 2010[62] 3,426 427 47 3,569 433 37 6.6% -143.00 [-328.39, 42.39] I
Kihistrand 1999[78] 3,618 457 122 3,635 601 119 11.1% -17.00 [-152.04, 118.04] T
Kong 2014[64] 3,650 475 18 3,765 470 19 2.6% -115.00 [-419.65, 189.65] S
Labonté-Lemoyne 2017[65] 3,393.7 371.56 10 3,650.25 357.57 8 2.2% -256.55 [-594.82, 81.72] L
Marquez-Sterling 2000[66] 3,5154 2749 9 3,7223 504.6 6 1.3% -206.90 [-648.80, 235.00] I
Ramos 2015[74] 3,602 7142 2 40375 1805 4 0.3% -435.50 [-1440.99, 569.99]
Seneviratne 2016[75] 3,578 630 37 3,594 469 37 3.7% -16.00 [-269.07, 237.07] I B
Ussher 2015[76] 3,1324 5817 354 3,146.8 640 359 19.5% -14.40 [-104.15, 75.35] =
Wang 2017[77] 3,34527 397.07 112 345746 446 114 150%  -112.19[-222.24, -2.14] —
Subtotal (95% CI) 1055 1003 100.0% -58.73 [-109.67, -7.79] .
Heterogeneity: Tau? = 1361.20; Chi* = 19.28, df = 17 (P = 0.31); I?= 12%
Test for overall effect: Z = 2.26 (P = 0.02)
1.3.3 Combined aerobic and resistance training
Barakat 2013[46] 3,203 461 138 3,232 448 152 8.3% -29.00 [-133.82, 75.82] T
Barakat 2014[48] 3,186.6 440.76 107 3,261.18 466.59 93 5.7% -74.58 [-200.94, 51.78] .
Barakat 2016[45] 3,252 438 382 3,218 888 383 9.3% 34.00 [-65.19, 133.19] T
Cordero 2014[50] 3,324.1 4331 101 3,250.1 425.01 156 7.9% 74.00 [-33.62, 181.62] T
Daly 2017[51] 3,6322 4771 44 3,634 5523 43 1.9% -1.80[-218.88, 215.28] I —
Garnaes 2017[55] 3,719 695 38 3,912 413 36 1.4% -193.00 [-451.90, 65.90] _
Haakstad 2011[59] 3,477 424 52 3,642 464 53 3.2% -65.00 [-234.96, 104.96] I
Hellenes 2015[60] 3,515 534 429 3,623 546 426 17.4% -8.00 [-80.40, 64.40] -
Murtezani 2014[67] 3,250.8 465 30 13,2379 368.9 33 2.1% 12.90 [-195.74, 221.54] -1
Nascimento 2011[68] 3,267.4 7004 40 3,2284 5913 42 1.2% 39.00 [-242.23, 320.23] I E—
Oostdam 2012[69] 3,524 591 52 3,352 591 53 1.8% 172.00 [-54.09, 398.09] T
Perales 2016[70] 3,183.6 446.8 83 3,232.1 3832 83 5.7% -48.50 [-175.13, 78.13] I
Price 2012[73] 3,329 519 31 3,308 103 31 2.6% 21.00 [-165.26, 207.26] I
Ruiz 2013[79] 3,234 453 481 3,239 433 481 29.0% -5.00 [-61.00, 51.00] -
Santos 2005[81] 3,363 504 37 3,368 518 35 1.6% -5.00 [-241.27, 231.27] ]
Sklempe 2017[80] 3,56145 4136 18 3,377 4943 20 1.1%  137.50[-151.36, 426.36] ]
Subtotal (95% CI) 2063 2120 100.0% -2.24 [-32.41, 27.93] 0
Heterogeneity: Tau? = 0.00; Chi? = 10.45, df = 15 (P = 0.79); 1> = 0%
Test for overall effect: Z=0.15 (P = 0.88)

21000 -500 0 500 1000
. i Favours Exercise Favours No exercise
Test for subgroup differences: Chi? = 3.50, df = 2 (P = 0.17), 1> = 42.8%
Fig. 4 Forest plot of pooled mean differences for birth weight after exposure to prenatal exercise vs. no exercise; sub-grouping by type of intervention:
resistance training only, aerobic training only, or combined resistance and aerobic training

\

results (MD - 10.9, 95% CI - 42.1, 20.4; I> 0%; 17 trials, n
= 3418; data not shown); however, studies from developing
countries were more likely to find that prenatal exercise
reduced birth weight (MD -78.7 g, 95% CI -1354, -
22.0 g; I* 0%; 12 trials, # = 1120) compared to studies in
developed countries (MD - 8.3 g, 95% CI -43.8, 27.11 g;
I 32%; 26 trials, n = 5646; data not shown).

Secondary Outcomes

Only LGA status and fat mass at birth could be
meta-analyzed. Data concerning the other outcomes were
either not reported by more than one study or were not
clinically homogenous enough to be pooled (e.g., collected

at different ages). Prenatal exercise did not reduce the risk
of LGA (RR 0.85, 95% CI 0.51, 1.44; I* 58%; seven studies;
n =937; Fig. 8) nor impact fat mass percentage (MD 0.19,
95% CI - 0.27, 0.65%; I* 10%; two studies; # = 130; Fig. 9).
Qualitatively, the two studies that followed up offspring
after birth did not indicate any significant impact of pre-
natal exercise on weight [62, 92] or fat mass [62, 92] at
17 days or 6 months old. No RCT reported on offspring
blood pressure, blood glucose, or blood lipids.

Discussion
Exercise is an established cornerstone for optimizing
women’s metabolic health, and prenatal exercise is safe



Guillemette et al. Sports Medicine - Open (2018) 4:35

Page 13 of 20

Exercise No exercise Mean Difference Mean Difference
Study or Subgroup Mean [g] SD[g] Total Mean[g] SD[g] Total Weight IV, Random, 95% CI [g] 1V, Random, 95% Cl [g]
1.4.1 Beginning exercise before 20 weeks of pregnancy
Barakat 2009[44] 3,165 411 80 3,307 477 80 6.2% -142.00 [-279.97, -4.03]
Barakat 2013[46] 3,203 461 138 3,232 448 152 8.6% -29.00 [-133.82, 75.82] - 1
Barakat 2014[48] 3,186.6 440.76 107 3,261.18 466.59 93 7.0%  -74.58[-200.94, 51.78] —
Barakat 2016[45] 3,252 438 382 3,218 888 383 9.2% 34.00 [-65.19, 133.19] R
Clapp 2000[49] 3,660 900 22 3,430 900 24 0.6% 230.00 [-290.66, 750.66] 4
Cordero 2014[50] 3,324.1 4331 101 3,250.1 425.01 156 8.4% 74.00 [-33.62, 181.62] T
Daly 2017[51] 3,632.2 4771 44 3,634 5523 43 3.1% -1.80[-218.88, 215.28]
de Oliveria Melo 2012 13 GW[53] 3,279 453.1 54 3,378 593.2 29 2.5% -99.00 [-346.42, 148.42] I
Erkkola 1976[54] 3584 358 23 3496 433 21  27% 88.00[-148.01, 324.01] B E—
Garnaes 2017[55] 3,719 695 38 3,912 413 36 2.3% -193.00 [-451.90, 65.90]
Kong 2014[64] 3,650 475 18 3,765 470 19 1.7% -115.00 [-419.65, 189.65]
Murtezani 2014[67] 3,250.8 465 30 3,237.9 368.9 33 3.3%  12.90[-195.74, 221.54]
Nascimento 2011[68] 3,267.4 700.4 40 3,2284 5913 42 2.0%  39.00[-242.23, 320.23]
Oostdam 2012[69] 3,524 591 52 3,352 591 53  29%  172.00 [-54.09, 398.09] -
Perales 2016[70] 3,183.6 446.8 83 13,2321 383.2 83 6.9% -48.50 [-175.13, 78.13] - 1
Petrov Fieril 2014[71] 3,561 452 38 3,251 437 34 3.4% 310.00 [104.50, 515.50] g
Price 2012[73] 3,329 519 31 3,308 103 31 4.0%  21.00 [-165.26, 207.26] —
Ruiz 2013[79] 3,234 453 481 3,239 433 481 14.0% -5.00 [-61.00, 51.00] -
Santos 2005[81] 3,363 504 37 3,368 518 35 27%  -5.00[-241.27,231.27]
Wang 2017[77] 3,345.27 397.07 112 3,457.46 446 114 8.2% -112.19[-222.24, -2.14] - |
Subtotal (95% Cl) 1911 1942 100.0% -8.02 [-50.17, 34.12] L 4
Heterogeneity: Tau? = 2486.50; Chi = 27.87, df = 19 (P = 0.09); I = 32%
Test for overall effect: Z=0.37 (P = 0.71)
1.4.2 Beginning exercise after 20 weeks of pregnancy
Baciuk 2008[43] 3,222.2 562.7 33 33127 656.1 37 4.1% -90.50 [-376.07, 195.07]
de Barros 2010[52] 3,230 450 32 3,300 490 32 6.3% -70.00 [-300.50, 160.50] - 1
de Oliveria Melo 2012 20 GW[53] 3,285 4773 60 3,378 593.2 29 5.5% -93.00 [-340.38, 154.38] - 1
Garshasbi 2005[56] 3,426 675 107 3,500 431 105 14.5% -74.00 [-226.16, 78.16] - 1
Ghodsi 2014[57] 3,095 33945 40 3,255 349.68 40 14.7% -160.00[-311.03, -8.97] e
Haakstad 2011[59] 3,477 424 52 3,542 464 53 11.6% -65.00 [-234.96, 104.96] .
Hollingsworth 1987[61] 3,140 658 13 3,582 819 21 1.3% -442.00 [-942.64, 58.64] *
Hopkins 2010[62] 3,426 427 47 3,569 433 37 9.7% -143.00 [-328.39, 42.39] - 1
Kihlstrand 1999[78] 3,618 457 122 3,635 601 119 18.4% -17.00[-152.04, 118.04] "
Labonté-Lemoyne 2017[65] 3,393.7 371.56 10 3,650.25 357.57 8  29% -256.55[-594.82, 81.72] ¢
Marquez-Sterling 2000[66] 3,515.4 2749 9 3,7223 504.6 6 1.7% -206.90 [-648.80, 235.00] ¢
Seneviratne 2016[75] 3,578 630 37 3,594 469 37 5.2% -16.00 [-269.07, 237.07] —
Sklempe 2017[80] 3,5145 4136 18 3,377 4943 20 4.0% 137.50 [-151.36, 426.36]
Subtotal (95% Cl) 580 544 100.0% -84.33 [-142.21, -26.44] L
Heterogeneity: Tau? = 0.00; Chi* = 8.19, df = 12 (P = 0.77); I = 0%
Test for overall effect: Z = 2.86 (P = 0.004)

~500 -250 0 250 500
. . Favours Exercise Favours No exercise
Test for subgroup differences: Chi2 = 4.36, df = 1 (P = 0.04), I?=77.1%
Fig. 5 Forest plot of pooled mean differences for birth weight after exposure to prenatal exercise vs. no exercise; sub-grouping by timing of
intervention: first half of pregnancy (< 20 gestational weeks) vs. second half of pregnancy (= 20 gestational weeks)

for mothers and fetus [103]. As evidence is accumulating
that in utero exposures have a major influence on the
fetus’ future cardiometabolic health [10], the positive
maternal impacts of exercise on women’s cardiometa-
bolic health have recently been posited to extend to ex-
posed fetuses [23]. Although recent meta-analyses stated
prenatal exercise might prevent giving birth to larger ba-
bies [18, 19, 22], we found contrasting results from both
high quality observational cohorts and RCTs which indi-
cated that prenatal exercise does not impact average
birth weight in a significant manner. None of the in-
cluded cohort studies found a clinically relevant birth
weight difference (i.e.,, 2300 g [104]) after exposure to
various kinds of prenatal exercise. Thus, even though
the methodological differences made it difficult to com-
pare the studies and explain their opposing results (pre-
natal exercise increasing vs. decreasing birth weight),
none of the reviewed cohorts reported clinically relevant
impacts of prenatal exercise on birth weight. As few co-
horts followed children into childhood or measured

other variables than weight, the long-term impact of ma-
ternal exercise on offspring cardiometabolic health re-
mains unclear. Long-term follow-up of pregnancy
cohorts is needed to discern the influence of exercise in
pregnancy and child health.

Similar to results observed by prospective cohorts, we
did not find a clinically relevant effect of prenatal aer-
obic and/or strength training interventions on child
birth weight, LGA status, or birth fat mass. Although
prenatal exercise led to statistically significant birth
weight reduction in some sub-group analyses, the mean
effect varied from - 0.5 to -84 g, which are clinically
negligible impacts [104]. We were limited in our ability
to examine the impact of prenatal exercise on other im-
portant health outcomes (childhood blood pressure,
glucose, lipids, and fat mass) because they were not
measured or reported by the trials, therefore the
long-term impact of exposure to prenatal exercise on
cardiometabolic health of offspring could not be
assessed.
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Exercise No exercise

Study or Subgroup

Mean [g] SD[g] Total Mean[g] SD[g] Total Weight

Mean Difference
1V, Random, 95% ClI [g]

Mean Difference
IV, Random, 95% ClI [g]

1.7.1 Moderate to vigorous intensity exercise

Avery 1997[47] 3,419 528 15 3,609 428 14

Baciuk 2008[43] 32222 5627 33 13,3127 656.1 37
Barakat 2014[48] 3,186.6 440.76 107 3,261.18 466.59 93
Barakat 2016[45] 3,252 438 382 3,218 453 383

Clapp 2000[49] 3,660 900 22 3,430 900 24

Cordero 2014[50] 3,324.1 4331 101 3,250.1 425.01 156
de Barros 2010[52] 3,230 450 32 3,300 490 32
de Oliveria Melo 2012 13 GW[53] 3,279 453.1 54 3,378 5932 29
de Oliveria Melo 2012 20 GW[53] 3,285 4773 60 3,378 593.2 57

Erkkola 1976[54]
Garnaes 2017[55]
Garshasbi 2005[56]
Guelfi 2016[58]
Haakstad 2011[59]
Hellenes 2015[60]
Hopkins 2010[62]

3,584 358 23
3,719 695 38
3,426 675 107
3,552 469 84
3,477 424 52
3,561 452 38
3,426 427 47

3,496 433 21
3,912 413 36
3,500 431 105
3,419 518 85
3,542 464 53
3,251 437 34
3,569 433 37

Labonté-Lemoyne 2017[65] 3,393.7 371.56 10 3,650.25 357.57 8
Marquez-Sterling 2000[66] 3,6154 2749 9 37223 5046 6
Murtezani 2014[67] 3,205.8 465 30 13,2379 368.9 33
Nascimento 2011[68] 3,267.4 700.4 40 3,2284 5913 42

Oostdam 2012[69]
Petrov Fieril 2014[71]
Price 2012[73]

3,524 591 52
3,561 452 38
3,329 519 31

3,352 591 53
3,251 437 34
3,308 103 31

Santos 2005[81] 3,363 504 37 3,368 518 35
Seneviratne 2016[75] 3,578 630 37 3,594 469 37
Sklempe 2017[80] 3,5145 4136 18 3,377 4943 20
Subtotal (95% CI) 1497 1495

Heterogeneity: Tau? = 5400.28; Chi? = 40.78, df = 25 (P = 0.02); I* = 39%
Test for overall effect: Z=0.36 (P = 0.72)

1.7.2 Light to moderate intensity exercise

Barakat 2009[44] 3165 411 72 3307 477 70
Barakat 2013[46] 3203 461 138 3232 448 152
Ghodsi 2014[57] 3,005 33945 40 3255 349.68 40
Kong 2014[64] 3650 475 18 3765 470 19
Perales 2016[70] 31836 4468 83 32321 3832 83
Pinzon 2012[72] 30132 4938 18 13,1333 4065 17
Ruiz 2013[79] 3234 453 481 3239 433 481
Ussher 2015[76] 31324 5817 354 371468 640 359
Wang 2017[77] 3,34527 397.07 112 345746 446 114

Subtotal (95% Cl)
Heterogeneity: Tau? = 118.20; Chi? = 8.28, df =8 (P = 0.41); 1= 3%
Test for overall effect: Z=2.42 (P = 0.02)

Test for subgroup differences: Chi? = 2.98, df = 1 (P = 0.08), I> = 66.5%

Moderate to vigorous and Light to moderate

1335 100.0%

2.4% -90.50 [-376.07, 195.07] —
6.7%  -74.58 [-200.94, 51.78] —
10.0%  34.00 [-29.15, 97.15] —
0.8% 230.00 [-290.66, 750.66]
76%  74.00[-33.62, 181.62] —
3.3% -70.00 [-300.50, 160.50] —_—
3.0% -99.00 [-346.42, 148.42] —
4.2% -93.00 [-288.71, 102.71] _—
32%  88.00 [-148.01, 324.01] o
2.8% -193.00 [-451.90, 65.90] —_—
56%  -74.00 [-226.16, 78.16] —T
57%  133.00 [-15.95, 281.95] —
50% -65.00 [-234.96, 104.96] —_—
3.9% 310.00 [104.50, 515.50] _—
45% -143.00 [-328.39, 42.39] —_—
1.8% -256.55 [-594.82, 81.72] —
1.1% -206.90 [-648.80, 235.00] ——
3.8% -32.10 [-240.74, 176.54] —_—
25%  39.00 [-242.23, 320.23] —_—t
3.4%  172.00 [-54.09, 398.09] —
3.9% 310.00 [104.50, 515.50] _—
44%  21.00 [165.26, 207.26] —_—
32%  -5.00 [-241.27, 231.27] _—
29% -16.00 [-269.07, 237.07] —_—r
24% 13750 [-151.36, 426.36] —
100.0% 8.99 [-40.63, 58.61] 2
6.2%  -142.00 [-288.62, 4.62] —
11.9%  -29.00 [-133.82, 75.82] —r
59%  -160.00 [-311.03, -8.97] —
1.5% -115.00 [-419.65, 189.65] —
83%  -48.50 [-175.13, 78.13] —
1.5% -120.10 [-419.06, 178.86] —_—
37.9% -5.00 [61.00, 51.00] -
16.0%  -14.40 [-104.15, 75.35] —r
10.8%  -112.19 [222.24, -2.14] —
-45.51 [-82.42, -8.60] ¢
21000 -500 0 500 1000

Fig. 6 Forest plot of pooled mean differences for birthweight after exposure to prenatal exercise vs. no exercise; sub-grouping by intensity level :

1.7% -190.00 [-538.80, 158.80]

Favours Exercise Favours No exercise

Birth weight is a very common marker of infant health
due to its ease of measurement and its historically fre-
quent association with future health outcomes [105].
Nonetheless, recent work in the field of developmental
origins of health and disease indicate that weight is only
a crude marker of health. For example, some studies in-
dicate that offspring born small for gestational age are
leaner later in life [106, 107] while others found that
these offspring were at increased risk of obesity [108—
110]. Likewise, some studies found increased markers of
cardiometabolic risk in LGA offspring [111, 112] while
others did not find evidence of increased risk [113-115].
Thus, in order to adequately assess the potentially pro-
tective effects of prenatal exercise on offspring cardio-
metabolic health, it is imperative to measure other
relevant markers (e.g., body composition, blood glucose,
and lipids) at birth and later in childhood. Our unex-
pected null results provide cautionary evidence that
exercise by itself is not sufficient to impact birth weight,

as some have argued [28, 116]. On the other hand, they
suggest that women can safely participate in the type of
activity they prefer (aerobic or resistance) at the intensity
and frequency that suits them, which might increase
adherence.

Strengths and Limitations

Strengths of this systematic review include isolating the
causal impact of prenatal exercise (vs. other interventions
like dietary modifications); restricting to high-quality
designs to reduce bias (prospective cohorts and RCTs);
considering outcomes other than weight to assess the im-
pact of prenatal exercise on offspring health; considering
maternal and training variables not assessed by previous
reviews (timing, intensity and frequency of intervention,
maternal BMI, country of origin); using random effect
models for all analyses; and using a protocol established a
priori. Despite these strengths, the review has some limita-
tions. First, only studies assessing aerobic and/or strength
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Exercise No exercise Mean Difference Mean Difference
Study or Subgroup Mean [g] SD[g] Total Mean|[g] SD[g] Total Weight IV, Random, 95% Cl [g] IV, Random, 95% Cl [g]
1.8.1 Less than 3 times per week
Kihlstrand 1999[78] 3,618 457 122 3,635 601 119  3.8%  -17.00[-152.04, 118.04] 1
Oostdam 2012[69] 3,524 591 52 3,352 591 53  1.6% 172.00 [-54.09, 398.09] T
Petrov Fieril 2014[71] 3,561 452 38 3,251 437 34 1.9% 310.00 [104.50, 515.50]
Ussher 2015[76] 3,132.4 5817 354 3,146.8 640 359 6.5% -14.40 [-104.15, 75.35] T
Subtotal (95% CI) 566 565 13.8% 87.42 [-52.32, 227.16] -
Heterogeneity: Tau? = 13531.74; Chi* = 10.02, df = 3 (P = 0.02); I = 70%
Test for overall effect: Z = 1.23 (P = 0.22)
1.8.2 At least 3 times a week
Avery 1997[47] 3,419 528 15 3,609 428 14 0.7% -190.00 [-538.80, 158.80] _
Baciuk 2008[43] 32222 5627 33  3,312.7 656.1 37  11%  -90.50 [-376.07, 195.07] —
Barakat 2009[44] 3,165 411 72 3,307 477 70  3.3% -142.00 [-288.62, 4.62] |
Barakat 2013[46] 3,203 461 138 3,232 448 152 54% -29.00 [-133.82, 75.82] -
Barakat 2014[48] 3,186.6 440.76 107 3,261.18 466.59 93 4.2% -74.58 [-200.94, 51.78] /T
Barakat 2016[45] 3,252 438 382 3,218 453 383  9.0% 34.00 [-29.15, 97.15] N
Clapp 2000[49] 3,660 900 22 3,430 900 24 0.3%  230.00[-290.66, 750.66]
Cordero 2014[50] 3,324.1 4331 101 3,250.1 42501 156 5.2% 74.00 [-33.62, 181.62] T
Daly 2017[51] 3,5632.2 4771 44 3,534 5523 43 17% -1.80 [-218.88, 215.28] 1
de Barros 2010[52] 3,230 450 32 3,300 490 32 1.6%  -70.00 [-300.50, 160.50] D
de Oliveria Melo 2012 13 GW[53] 3,279 453.1 54 3,378 593.2 29  1.4%  -99.00 [-346.42, 148.42] I R
de Oliveria Melo 2012 20 GW[53] 3,285 4773 60 3,378 593.2 29 1.4%  -93.00 [-340.38, 154.38] - 1
Erkkola 1976[54] 3,584 358 23 3,496 433 21 1.5% 88.00 [-148.01, 324.01] R
Garnaes 2017[55] 3,719 695 38 3,912 413 36 1.3%  -193.00 [-451.90, 65.90] —
Garshasbi 2005[56] 3,426 675 107 3,500 431 105 3.1% -74.00 [-226.16, 78.16] -/
Ghodsi 2014[57] 3,095 339.45 40 3,255 349.68 40  32% -160.00 [-311.03, -8.97] -
Guelfi 2016[58] 3,552 469 84 3,419 518 85 3.3% 133.00 [-15.95, 281.95] T
Hellenes 2015[60] 3,515 534 429 3,523 546 426 8.1% -8.00 [-80.40, 64.40] T
Hollingsworth 1987[61] 3,140 658 13 3,682 819 21 0.4%  -442.00 [-942.64, 58.64] ™
Kong 2014[64] 3,650 475 18 3,765 470 19  0.9% -115.00 [-419.65, 189.65] _
Labonté-Lemoyne 2017[65] 3,393.7 371.56 10 3,650.25 357.57 8 0.8%  -256.55[-594.82,81.72] —
Marquez-Sterling 2000[66] 3,515.4 2749 9 13,7223 504.6 6 0.5% -206.90 [-648.80, 235.00] —
Murtezani 2014[67] 3,250.8 465 30 3,237.9 368.9 33 1.9% 12.90 [-195.74, 221.54] i
Nascimento 2011[68] 3,267.4 7004 40 3,2284 5913 42 1.1% 39.00 [-242.23, 320.23] —
Perales 2016[70] 3,183.6 446.8 83 3,232.1 383.2 83  4.1% -48.50 [-175.13, 78.13] 1
Pinzon 2012[72] 3,013.2 4938 18  3,133.3 406.5 17 1.0% -120.10[-419.06, 178.86] —
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Fig. 7 Forest plot of pooled mean differences for birthweight after exposure to prenatal exercise vs. no exercise; sub-grouping by frequency of
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Fig. 8 Forest plot of pooled risk ratios for large-for-gestational-age (LGA) status
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training were included, discarding studies where other
forms of prenatal exercise (e.g., yoga [117]) were mea-
sured. This choice was made because current recommen-
dations [118, 119] are focused on those two types of
exercise. However, as > 80% of active pregnant women re-
port engaging in some kind of aerobic training [120], we
are confident our results are representative of real-life pre-
natal exercise habits and are therefore relevant for clini-
cians and researchers. Second, our predefined sub-groups
addressed only one variable at a time (e.g., maternal BMI,
timing of exercise). It is possible that evaluating the inter-
action by grouping according to many parameters (e.g.,
among women with a BMI > 25, those who starting exer-
cising <20 gestational weeks) through a meta-regression
might be more informative. However, such analyses were
not planned a priori so another study would be needed to
answer this limitation. Third, there was marked hetero-
geneity in research designs, assessments of exercise dose
(frequency, intensity, duration, adherence), and reports of
offspring outcomes, making direct comparisons between
studies difficult. Accordingly, we refrained from pooling
results that we considered too heterogeneous and were
careful in not over-interpreting the results.

Evidence Gaps

It is imperative that future trials report determinants of
offspring cardiometabolic health other than birth weight,
such as adiposity, plasma glucose and lipids, and blood
pressure early in life and ideally at multiple times
throughout childhood to define the long term impact of
exposure to prenatal exercise on offspring cardiometa-
bolic health. Indeed, there are indications that higher
blood pressure [121], glycemia [5], and dyslipidemia
[122] early in life are related to future metabolic syn-
drome, diabetes, and cardiovascular diseases, whereas
birth weight is a crude marker [113, 123]. Follow up of
data for these parameters in childhood would provide
important tools to public health authorities to help de-
termine if and how prenatal exercise improves offspring
cardiovascular risk factors in both the short and long
term. Indeed, assessing offspring fat and lean mass might
be more informative than only weight. Additionally, off-
spring should be periodically reassessed as there is a
dearth of longitudinal data concerning offspring exposed
to exercise interventions in the literature. A sample size

calculation based on the RCTs included indicate that
matched groups of at least 268 participants (536 partici-
pants total) are needed to detect a birth weight differ-
ence between groups at 90% power and with a 0.05
double-sided a. However based on our analyses, future
interventions should include components other than ex-
ercise (such as a dietary intervention) if the intent is to
have an impact on birth weight. Finally, more diverse
participants in terms of pre-pregnancy activity level and
body composition are needed in future studies to under-
stand how exercise interventions in pregnancy modulate
the relationship between maternal physiology, offspring
body composition, and cardiometabolic health. Clini-
cians looking to counsel their clients might want to
highlight that while prenatal exercise is perfectly safe for
the baby, the best evidence currently available indicates
it is not sufficient by itself to protect the child against
cardiometabolic diseases.

Conclusion

In summary, high-quality studies analyzed with conser-
vative statistics show that the impact of prenatal exercise
on birth weight is not clinically relevant. This impact
might be more important in previously less active
women and when the exercise program has light to
moderate intensity and starts in the second half of preg-
nancy. Due to the scarcity of studies collecting parame-
ters other than birth weight and/or following up
offspring in childhood, there is limited evidence about
the relationship of prenatal exercise and long-term off-
spring cardiometabolic health. Thus, there is a great
need for the collection of data other than weight and for
the long-term follow up of offspring exposed to exercise
to better define the impact of prenatal exercise on
offspring cardiometabolic risk throughout life. Re-
searchers and clinicians intending to impact the health
of the future generations should consider adding other
components (such as dietary components) to their exer-
cise interventions.

Additional Files

Additional file 1: Figure S1. Funnel plot of included randomized
controlled trials that contributed birth weight data, with each trial
represented by a gray circle (n =34). The horizontal axis represents the
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standardized mean difference. The vertical axis represents the standard
error of the mean. Individual study results are represented by the open
circles. The vertical line in the plot represents the pooled effect size. The
poor symmetry specifically in smaller studies might indicate a publication
bias favoring studies that found a reduction in birth weight following
prenatal exercise. (EPS 77 kb)

Additional file 2: Figure S2. Summary of risk of bias for individual
studies following the Cochrane tool. Low risk of bias is indicated by the
plus sign, high risk of bias by the minus sign and unclear risk of bias by
the question mark. (EPS 980 kb)

Additional file 3: Figure S3. Summary of risk of bias for individual studies
following the Risk Of Bias In Non-randomized Studies of Interventions tool.
The possible categories of risk of bias are: Low (green), Moderate (Mod; blue),
Serious (red), Critical (gray), and No information (NI; yellow). (TIF 111 kb)
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