
HAL Id: hal-04016656
https://hal.inrae.fr/hal-04016656

Submitted on 6 Mar 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Beneficial Effects of Maternal Physical Activity during
Pregnancy on Fetal, Newborn, and Child Health:

Guidelines for Interventions during the Perinatal Period
from the French National College of Midwives

Benjamin Guinhouya, Martine Duclos, Carina Enea, Laurent Storme

To cite this version:
Benjamin Guinhouya, Martine Duclos, Carina Enea, Laurent Storme. Beneficial Effects of Maternal
Physical Activity during Pregnancy on Fetal, Newborn, and Child Health: Guidelines for Interventions
during the Perinatal Period from the French National College of Midwives. Journal of Midwifery and
Women’s Health, 2022, 67 (S1), �10.1111/jmwh.13424�. �hal-04016656�

https://hal.inrae.fr/hal-04016656
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


https://onlinelibrary.wiley.com/action/showCampaignLink?uri=uri%3Aa18286c6-4c8a-4649-adb6-3c0335e8a23b&url=https%3A%2F%2Fffntest.com%2Fhcp%2Fprofessional-resources%2F%3Futm_source%3Djmwhepdf%26utm_medium%3Ddisplay%26utm_campaign%3Dusingcorrectly%26utm_content%3D2022_jmwhepdf_usingcorrectly_bannerad_april_1237x1631%23quiz&pubDoi=10.1111/jmwh.13424&viewOrigin=offlinePdf


Journal of Midwifery &Women’s Health www.jmwh.org
Guidelines

Beneficial Effects of Maternal Physical Activity during
Pregnancy on Fetal, Newborn, and Child Health: Guidelines
for Interventions during the Perinatal Period from the French
National College of Midwives
Benjamin C. Guinhouya1, PhD, MPH, MA, Martine Duclos2,3,4, MD, PhD, Carina Enea5, PhD,
Laurent Storme1,6, MD, PhD

The objective of this work is to synthesize current knowledge about the effects of maternal physical activity during pregnancy on children’s
health. During the prenatal and postnatal periods, maternal physical activity has protective effects against the risks of macrosomia, obesity, and
other associated cardiometabolic disorders. Even though longitudinal studies in humans are still necessary to validate them, these effects have
been consistently observed in animal studies. A remarkable effect of maternal physical activity is its positive role on neurogenesis, language
development, memory, and other cognitive functions related to learning.
J Midwifery Womens Health 2022;67(Suppl. 1):S149–S157 c© 2022 The Authors. Journal of Midwifery &Women’s Health published by Wiley Peri-
odicals LLC on behalf of American College of Nurse Midwives (ACNM).
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INTRODUCTION

Until the 1990s, the data in the literature suggested that phys-
ical activity by a pregnant woman might imperil the course of
her pregnancy and present a risk for the fetus’s development
and even for themother’s health. Even today, women and their
family and friends often express these fears, and some perina-
tal professionals seek to reduce or suspend all physical activ-
ity by pregnant women, including those who participated in
sports or athletic endeavors before their pregnancy.

Nonetheless, recent data in the scientific literature have
shown that a woman’s regular physical activity during her
pregnancy presents few risks1 and provides real benefits for
themother and child, aswell as for the course of the pregnancy
and birth. Some observational studies have made it possible
to establish associations between maternal physical activity
and some health markers during intrauterine life and during
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child development. This type of study does not provide a level
of evidence strong enough to conclude in a causal relation.
Nonetheless, it is possible to show a “dose” effect, with the
benefit increasing with the level of physical activity and thus
strengthening the association identified. Other results have
come from the interventional studies known as “randomized
controlled trials” (RCTs). These support the hypotheses iden-
tified in the observational studies. Finally, experimental stud-
ies in animals have made it possible to better understand the
mechanisms responsible for the benefits for the child’s health
of maternal physical activity during the perinatal period. It is
nonetheless the methodical synthetic work (ie, systematic re-
views and meta-analyses) on the results of different studies
that make available the best levels of evidence. Our analysis is
based primarily on these syntheses, supplemented by a mech-
anistic analysis.

The results of systematic reviews and meta-analyses have
shown that regular physical activity during pregnancy has nu-
merous beneficial effects for pregnant women2–4: they are dis-
cussed in this review and are analyzed completely in a recent
book.5

The objective of this work is to offer an overview of the
effects of maternal physical activity during pregnancy on chil-
dren’s health. Nonetheless, before considering these benefits,
reported for fetal and then newborn and child health, it is
important to highlight recent findings showing the harm-
ful effects of the rest frequently prescribed at the onset of
pregnancy. A recent synthesis describes the state of scientific
knowledge about the risks associated with physical activity by
pregnant women.1 This is Part 2 of these guidelines for mater-
nal physical activity; Part 1 focused on the maternal benefit of
her physical activity in the perinatal period.6
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✦ Evidence suggests that strict bed rest does not prevent preterm delivery.

✦ Inversely, physical activity by women during pregnancy is beneficial for fetal health, development, and well-being.

✦ Physical activity during pregnancy contributes to creating a healthy environment in utero during the critical period of
organ development and seems to have positive long-term cardiovascular and neurocognitive effects during childhood and
adulthood.

✦ Further studies are needed to clarify these long-term effects on postnatal health, by controlling for potential biases.

MATERIAL AND METHODS

For this review, we initially searched for publications in
PubMed/MEDLINE, completed with different groups of key
words and their associated Mesh terms, such as: Physical ac-
tivity or Physical exercise or Sports, Mother or Maternal or
Parturient, Pregnancy or Pregnant or Parturient or Gestation,
Child or Newborn or Fetus. We obtained all articles published
in English on this topic since the origin of these databases
through December 2020. This initial research included only
human studies. It was partially completed with studies about
the mechanisms of the effects identified, especially by con-
sidering studies of different animal models. The publications
finally selected enabled us to classify the effects of maternal
physical activity during pregnancy by stage of development:
fetal life, early childhood, and childhood. Primacy was given
to synthetic work (ie, reviews and meta-analyses), compared
with original studies, except whenwe could not identify either
a narrative or systematic review.

COMMENTED RESULTS

Effects on the Unborn Child of the Prescription of Bed
Rest and Physical Inactivity for Pregnant Women

Several meta-analyses7 have studied the effect of rest with
hospitalization during pregnancy for fetal growth restriction,7
threatened preterm birth among singleton pregnancies,8
hypertension,9 threatened miscarriage in the first half of
pregnancy,10 preeclampsia,11 and multiple pregnancy.12 The
conclusions of each of these meta-analyses were unequivo-
cal: although bed rest either in the hospital or at home is
widely used as the first stage of treatment, no evidence sup-
ports its utility, especially for fetal growth and for preterm
birth.

More specifically, bed rest did not reduce the risk of
preterm birth, even in at-risk situations. In a study conducted
in 1985,14 212 twin pregnancies were randomized into 2
groups: “prophylactic hospitalization (with bed rest) from 32
weeks of gestation” (n= 105) and “outpatient follow-up” (n=
107). The frequency of births before 37 weeks was significantly
different between the 2 groups: 30.4% in the hospitalization
arm and 18.7% in the outpatient arm. More recently, a study
compared 2 groups of women with threatened preterm birth
between 24+0 and 33+4 weeks.13 They were randomized be-
tween “outpatient management immediately after a course of
corticosteroids” (n= 50) and “hospitalization until 34 weeks”
(n = 51). The proportion of births ≥ 36 weeks did not differ

between the 2 groups: 71% of the hospitalized women (who
spent a mean of 16 days there) versus 72% of those managed
on an outpatient basis (P = .89). The frequency of birth ≤34
weeks was also similar: 22% for the outpatients and 24% for
the hospitalized women.13 Similarly, no benefits from bed
rest have been demonstrated after premature rupture of the
membranes or for placenta previa. Carlan et al.14 randomized
67 pregnant women with preterm PROM between expectant
management at home (n = 27) and in the hospital (n = 28);
mean (SD) gestational age at rupture of the membranes was
similar: 30.6 (3.7) weeks and 31.7 (3.5) weeks. There was
no significant difference for gestational age at birth (33.2
[3.2] weeks for the women at home vs 33.5 [3.4] weeks for
those hospitalized), the latency period (18 [22] days vs 12
[13] days, respectively), and the number of women with
chorioamnionitis (4 vs 3) and cesareans (3 vs 6). Wing et al.15
described 53 women with an initial diagnosis of placenta
previa who needed hospitalization for vaginal bleeding. They
were randomized between expectant management at the
hospital with bed rest and minimal walking (n = 27) and
expectant management on an outpatient basis (n= 26). Mean
gestational age at birth was 34.5 (2.4) weeks for the women in
the hospitalization group and 34.6 (2.3) weeks for the women
in the outpatient group (P= .90). There was no difference for
neonatal morbidity (defined by acute respiratory distress syn-
drome, intracranial hemorrhage, or proven sepsis) between
the 2 groups (relative risk [RR], 1.16; 95%CI, 0.66–2.02). There
were no neonatal deaths. Thus, in 2012, the American College
of Obstetrics and Gynecology (ACOG) indicated that bed
rest had not been shown to be effective in preventing preterm
birth and should not be routinely recommended.16 In its 2016
Clinical Practice Guidelines, the French National College of
Gynecologists and Obstetricians (CNGOF) also stated that
“prolonged hospitalization (grade B) and strict bed rest (grade
C) are not recommended” for women with threatened preterm
birth.17

Finally, from the psychological perspective, bed rest is
associated with an increase in the risks of mood disorders,
stress related to family separation, ambivalent feelings about
the pregnancy, and a sense of guilt when unable to adhere to
the prescription.18–21 These emotional consequences also af-
fect the father (feeling of distress) and siblings (adverse emo-
tional effects with negative reactions).22,23 All of these psycho-
logical consequences can harm early interactions and parent–
child attachment and bonding — all necessary for the child’s
harmonious development.
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Effects of Maternal Physical Activity on Fetal
Development

The practice of physical activity during pregnancy has long
been a source of worry, especially because of subsisting doubts
about its possibly harmful effects on fetal health. The scientific
literature is nonetheless reassuring on the subject, although
some types of practices deserve closer studies.

Effect of Acute and Chronic Exercise on the Uteroplacental Blood Flow

The oldest hypothesis on this topic is that physical activity, by
inducing the redistribution of blood to active muscles, might
result in a decrease in fetal oxygen and nutrients, thus increas-
ing the risks of acute hypoxia and fetal tachycardia and threat-
ening fetal development.24 That is, it has long been suggested
that the decrease in visceral blood flow observed with exercise
is likely to reduce the uteroplacental flow by as much as half
of its resting value.25 The amplitude of the reduction appears
to vary according to the exercise (continuous or intermittent;
exercise with or without loads; importance of themusclemass
used, etc.), the intensity and duration of the exercise, but also
the mother’s position (standing, seated, or supine). Although
placental perfusion during exercise has not been directlymea-
sured in the different studies on this topic, the conclusions of
a recent systematic review with meta-analysis are reassuring.
According to these authors, an exercise session at moderate
intensity has no harmful effect on the blood flow of the um-
bilical or uterine arteries.26

Regular aerobic physical activity of moderate intensity
(brisk walking, running, Nordic walking, bicycling, swim-
ming, etc.) even appears to lead to positive chronic adapta-
tion of maternal hemodynamics. In other words, the regular
repetition of exercise sessions during pregnancy increases the
cardiovascular adaptation induced by pregnancy: thus, among
active women, we observe a greater elevation in plasma vol-
ume, cardiac output, vascular compliance, placental volume in
mid-pregnancy, and blood volume in the intervillous space.27
This exacerbation of cardiovascular adaptation is assumed to
increase placental perfusion at rest. Although training effects
on placental perfusion have not been directly measured, the
current data suggest that beginning or continuing to practice
physical activity regularly during pregnancy could increase
uteroplacental blood flow at rest and thereby also elevate the
quantity of substrates and oxygen delivered to the fetus.25

Overall, an acute exercise session does not appear to cause
a clinically significant reduction in uteroplacental blood flow.
Endurance training even seems to increase this flow at rest, es-
pecially by promoting vascular remodeling and angiogenesis
in the umbilical and uterine arteries.

Effect of Physical Exercise on the Fetal Heart Rate (HR)

As a general rule, the fetal response to maternal exercise is a
moderate increase in HR by 6 beats per minute,26 with fetal
HR returning to its resting value around 20 minutes after
exercise ends. The extent and duration of this increase in fetal
HR depend on the intensity and duration of the mother’s
exercise. This is an adaptive response by the fetus, and its
cardiac responses are similar, whether or not the mother per-

forms regular physical activity. These responses are observed
for moderate-intensity endurance exercise (brisk walking,
bicycling, and swimming). A study focused specifically on
the effects of yoga reported no modification of fetal HR after
a 2-hour session. Few studies have considered the effects of
strength training, and they have not shown any evidence of
a significant modification of fetal HR (effect of an exercise
session or a training effect), as long as exercises in the dorsal
decubitus position are avoided, since these could induce fetal
bradycardia.

Overall, the fetus tolerates maternal physical activity well
when the pregnancy is uncomplicated and if it is not per-
formed in a supine position (as compression of the aorta can
diminish uteroplacental blood flow). The risk of fetal brady-
cardia or tachycardia is not greater than when the mother
is at rest; when these events were identified during exercise,
they were transient (<2 min) and not considered clinically
significant. Only aerobic exercise at very high intensity (≥
85–90% of the mother’s maximum HR) is strongly advised
against, because of its association with an increased risk of fe-
tal bradycardia.28

In all cases, physical activity appears to have a beneficial
effect on the fetus’s autonomic cardiac regulation (increased
HR variability), which seems to continue in the postnatal
years.29

Effect of Maternal Exercise on Placental Growth and Development

The regular practice of physical exercise during pregnancy
influences placental growth and the anatomical markers of
placental functional capacity in a fairly favorable direction in
most cases (Case 1: a woman who started and then continued
throughout her pregnancy a moderate-intensity physical ac-
tivity program; Case 2: a woman who continued a high vol-
ume program of physical activity during the first trimester
and then reduced the volume to 60% in the second half; Case
3: a woman who continued during pregnancy the same pro-
gram of moderate physical activity that she had had before
pregnancy). Only a physical activity program during the first
half of pregnancy that is identical or inferior to that before the
pregnancy and then increases during the second part of preg-
nancy with training equal to or greater than that before preg-
nancy is associated with a diminution of placental volume in
mid-pregnancy. Its effects on the functional placental volume
at term (probable interaction between the effects of the physi-
cal activity regimen and those of the associated diet, for which
all studies do not control) vary greatly between women (for a
complete review, see Clapp30).

Risk of Fetal Hyperthermia with a Teratogenic Effect

Some types of exercise significantly increase body tempera-
ture. Neural tube abnormalities related to hyperthermia due
to exercise have been reported in animals. These results have
not been confirmed in humans; on the contrary, a reduction
of the risk of neural tube defects has been reported among
women involved in sports compared with those who are in-
active. Moreover, no prospective study has shown an associ-
ation between an exercise-related increase in temperature in
women and the risk of congenital malformations.31

Journal of Midwifery &Women’s Health � www.jmwh.org S151
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These differences with animals are probably explained by
better temperature regulation in the human species, especially
during pregnancy. Moreover, the rise in body temperature
associated with exercise (in nonextreme conditions) is not
sufficient to increase fetal temperature. Finally, training
augments the woman’s capacity to dissipate heat, and this
adaptation continues when she is pregnant. Overall, women’s
physical activity is therefore well tolerated by the fetus,
whether the activity is acute (effect of an exercise session) or
repeated (effects of a physical training program17).

Effects of Maternal Physical Activity on the Child’s Health
and Development

Effects on Fetal Growth and the Newborn’s Birth Weight

The existing data about the effects of regular physical activ-
ity during pregnancy on the child’s birth weight are fairly
divergent.32 One of the principal reasons is that diet during
pregnancy can modify the effects of exercise. Moreover, there
are major disparities between the different studies in terms of
the types of exercise considered.

Three meta-analyses have made it possible to conclude
that physical activity during pregnancy does not significantly
influence birth weight (women with physical activity during
pregnancy vs women without physical activity).2,33,34 Only
women with high-intensity physical activity (between 6.0 and
8.9METs, defined in Boisseau et al.) during the third trimester
may have a stronger probability of giving birth to a child
weighing 200–400 g less than children of inactive women, al-
though without increasing their risk of an newborn with fetal
growth restriction (birth weight <10th percentile) or who is
small for gestational age. A Canadian cohort study published
in 2017 also suggests that neonates born to a specific cate-
gory of pregnant women (those who subsequently develop
preeclampsia) weighed a mean of 20 g less for each 1 MET
per hour of physical activity performed each week.35 On the
other hand, the results of a meta-analysis also published in
2017 showed a lower probability that women who maintain a
leisure-time physical activity during their pregnancy will have
children with a weight high for gestational age.36 This meta-
analysis included 30 RCTs and 51 cohort studies. The meta-
analysis of the RCTs showed that pregnant women’s partic-
ipation in physical activity during their leisure time was as-
sociated with a lower gestational weight gain (OR, 0.82; 95%
CI, 0.68–0.99), a low probability of developing gestational di-
abetes mellitus (GDM) (RR, 0.67; 95% CI, 0.49–0.92) XX and
a low probability of giving birth to a child with a weight high
for gestational age (RR, 0.51; 95% CI, 0.30–0.87).36 Overall,
physical activity resulted in a slight decrease in fetal weight,
but without raising the risk of having a small-for-gestational-
age newborn. Inversely, a protective effect was observed for
the risk of GDM.

Some effect on birth weight nonetheless appears to re-
sult, probably indirectly, from pregnant women’s participa-
tion in physical activity; its intensity, duration, and tim-
ing (first vs third trimester vs throughout pregnancy) de-
serve to be better understood. Similarly, more specific and
detailed measurements of the newborn’s body composition
can provide useful information about the distribution of

the different body masses relative to the mother’s physical
activities.

Control of Maternal Weight Gain and the Newborn’s Birth Weight

Maternal weight and BMI are positively correlated with the
child’s birth weight.37 Similarly, children born to women with
GDM are at risk of macrosomia (more than 45% have a birth
weight ≥ 4000 g) and neonatal complications (respiratory
distress, hypoglycemia, hyperbilirubinemia, hypertrophic
cardiomyopathy, etc.). In the longer term, these children
are also at risk of overweight or obesity, of developing dia-
betes, and of neurodevelopmental disorders.38 This concept
is known as fetal and neonatal programming, the DoHAD
(developmental origins of health and disease) hypothesis,
and “Barker’s hypothesis”, in honor of the epidemiologist who
first suggested that adverse events during intrauterine life
may affect organ growth and favor disease later in life.

Regular physical activity during pregnancy: (1) is associ-
ated with a lower weight gain during pregnancy, regardless of
the woman’s preconception BMI, (2) helps to reduce the risk
of GDM (especially if associated with physical activity during
the year before pregnancy), (3) protects against preeclampsia,
and (4) may help to reduce complications during birth (fetal
macrosomia and fetal distress) and risks to the child’s subse-
quent health (obesity and diabetes).39

Studies are needed to clarify the long-term effects of phys-
ical activity during pregnancy on fetal and postnatal develop-
ment, by controlling for the many potential biases (roles of
mother’s nutrition, BMI, level of prepregnancy physical activ-
ity, etc.). Thus, these studies could make it possible to deter-
mine if physical activity during pregnancy can limit the effects
of this negative fetal and neonatal programming that favors
the onset of subsequent metabolic disorders in the child, with
a possibility of persistence into adulthood.

Nonetheless, several studies of children exposed to phys-
ical activity in utero show a favorable effect on their postna-
tal development. Although at the age of one year no differ-
ence was observed in growth indicators (height, weight, di-
ameters of the head, thorax, and abdomen) between children
exposed or not exposed to physical activity in utero,40–42 at
the age of 5 years, statistically significant differences appeared,
with a lower weight and less body fat in the children exposed
in utero.41 Epigenetic factors appear to be involved in this pro-
gramming of body fat among newborns and children.McCul-
lough et al. were the first to show that epigenetic processes (ie,
differentially methylated regions of the PLAGL1 gene) are re-
lated to the effects of maternal physical activity in reducing
birth weight in humans.43

Effects on the Programmability of the Child’s Future Physical Activity
and Control of the Risk of Obesity and Associated Metabolic Disorders

Experimental studies in animals have made it possible to un-
cover the programmable nature of the child’s physical activity,
as a function of the mother’s lifestyle during pregnancy.44,45
The work by Robert Waterland’s team at the University of
Houston (TX) about the programmability of the energy bal-
ance converges to support the primacy of changes in physical
activity over those in calorie intake.

S152 Volume 67, No. S1, November/December 2022
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The first model this team worked on concerned the in-
tergenerational effects of maternal obesity. The authors used
the agouti viable yellow (Avy/a) mouse model, attractive be-
cause of its spontaneously hyperphagic character and propen-
sity to become obese in adulthood. From the initial model,
the authors passed the obesity-promoting Avy allele through
the female germline for 4 generations to obtain isogenic
mice. Cross-fostering was used to study young mice from
lean (a/a) and obese (Avy/a) females: those born to lean fe-
males (a/a) were fostered by obese females (Avy/a) and vice
versa. Much was learned as these young mice were followed
up into adulthood. In particular, the females born to obese
mice presented growth restriction; when suckled by the lean
mice, catch-up occurred, with greater body mass and adi-
posity in adulthood. More important still, although the food
intake of these obese offspring did not differ from that of
the control group, their levels of physical activity and en-
ergy expenditure were lower at weaning, and this decrease
in physical activity was maintained into adulthood.45 The
authors concluded from these findings that the energy im-
balance was essentially driven by the chronic diminution of
spontaneous physical activity in these mice, due to their in
utero exposure to their mother’s sedentariness and physical
inactivity.46

The second rodent model used by this research team was
a mouse model raised in a small litter (4 mice/litter) for the
purpose of exposing them to overnutrition during the suck-
ling period. Generally, when rats or mice are raised in a small
litter, they are larger by the age of weaning (21 days) andmain-
tain this overweight into adulthood, compared to controls
raised in a normal-sized litter (approximately 9 rodents/litter).
Metabolic cage studies to assess the relative contribution of
calorie intake and energy expenditure in these young rats and
mice with an energy imbalance showed that in adulthood the
decreased energy expenditure was correlated with a reduction
in spontaneous physical activity in this population compared
with the control group; both groups were exposed to food ad
libitum. This reduction in spontaneous physical activity was
most marked in females at 180 days.45

Based on the initial observations described above, Eclari-
nal et al.44 conducted an experiment aiming to examine the
role of maternal discretionary physical activity in inducing
permanent changes in that of its offspring. Adult female iso-
genic C57BL/6J mice were randomly assigned to a cage with
a functional or blocked running wheel before and during
their gestation. Several indicators were measured in moth-
ers and their offspring (at different ages), including weight,
body composition, and current wheel activity. It was observed
that the offspring of mice in the cage with the working wheel,
in particular females (from the age of sexual maturity), were
more physically active in adulthood than their peers born to
mice confined to cages with blocked wheels before and during
gestation. This observation suggests a strong possibility that
physical activity behavior is programmed in the next gener-
ation. Moreover, still more recent results by a research team
at Washington State University (WA, USA)29 corroborate the
conclusions that maternal physical activity might be protec-
tive against obesity and its associatedmetabolic disorders. Son
et al.29 used the same isogenic wild-type C57BL/6J mouse
model to show that females’ involvement in a physical exer-

cise regimen during pregnancy prevented obesity in their off-
spring and protected them against metabolic disorders, com-
pared with the offspring of females remaining sedentary dur-
ing gestation. Maternal physical exercise improved both DNA
demethylation at the level of the PRDM promoter gene and
brown adipose tissue metabolism. Apeline, a hormone pro-
ducedduring physical exercise, seems to contribute to the pos-
itive effects ofmaternal physical activity on themetabolic out-
come of offspring.29

All of these new results thus suggest that maternal phys-
ical activity during pregnancy has the potential to program
the child’s physical activity,44,45 with simultaneous persistent
effects on the maintenance of an active lifestyle and the con-
trol of obesity and its associated metabolic disorders into
adulthood.29,47 This effect appears stronger among females.
Studies in humans are nonetheless necessary to verify these
observations.

Effects on Autonomic Cardiac Regulation

An increasing number of studies also suggest that exercise
during pregnancy is associated with a lower HR and higher
sinus rhythm variability in the fetus (low heart rate sinus vari-
ability is a cardiovascular risk marker in adults). The persis-
tence of this effect on sinus rhythm variability, observed after
birth,48,49 is a sign of an adaptive mechanism of autonomous
cardiac regulation in children. A dose-effect response (be-
tween the quantity of maternal physical activity during preg-
nancy and the increase in sinus variability) has also been
shown, given that all the women involved in these studies ad-
hered to their recommended levels of physical activity.48,49
This effect on the autonomic nervous system seems to be
specifically attributable to in utero exposure tomaternal phys-
ical exercise because no other variable (ie, maternal BMI, age,
and education level) was significantly associated with these
results.48,49

Effects on Neurocognitive Development

Several studies have shown that maternal physical activity
during pregnancy has a positive effect on the child’s neuromo-
tor development. Higher Brazelton scores have been observed
starting on the 5th day of life in children born to active moth-
ers, compared to a matched control group.50 In an interven-
tional study51 of a group of pregnant Canadian women, those
randomized into the active group were asked to do moderate-
intensity aerobic exercise (20min atmaximum aerobic power,
at least 3 times/wk). Exercise intensity was assessed by a scale
rating perceived exertion (RPE).52 The study’s principal end-
point was the measurement of specific electric activity that is
possible to record on newborn EEGs when the infant distin-
guishes an atypical sound in the midst of a series of sounds
(auditory evoked potentials). It tests capacity for sound dis-
crimination and auditory memorization and reflects the de-
gree of cerebral maturation. Significant differences were iden-
tified in favor of the active group. These results could explain
the better development of language — medium of communi-
cation — in children of active mothers.

Other studies suggest that maternal exercise during preg-
nancy can improve children’s cognitive functions at 8 months,
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12 months, 2 years, and 3 years.53–56 This positive effect
includes improvement in learning and memory, and the
diminution of anxiety-like behaviors56; together these com-
prise the cardinal points of neurodevelopmental disorders, in-
cluding language delay.54

The existing epidemiologic data underline the im-
portant role that prenatal physical activity plays in
neurodevelopment.54,57,58 In a Brazilian birth cohort,
Domingues et al.57 observed that women’s physical activity
during pregnancywas positively associatedwith scores on dif-
ferent neurodevelopmental tests (eg, quality of interactions,
communication, attention, motor skills, and memorization)
of the child at 12 months. This result was tangible even after
taking into account confounding factors, including family
income and parental educational level and smoking, as well
as preterm birth.57 Compared with the children of inactive or
sedentary women, those born to women active throughout
their pregnancy were 1.51 (95% CI, 1.17-1.94) times more
likely to have high scores on neurodevelopmental tests.57 In
2013, Jukic et al.54 had already obtained similar results from
the British Avon Longitudinal Study of Parents and Children
(ALSPAC) cohort. The 15-month-old childrenwhosemothers
had followed the recommendations for physical activity dur-
ing their pregnancy were better able to use a variety of words.

Outcome at 5 years of age was compared between the
children of women who were physically active and a con-
trol group matched for numerous other prenatal and post-
natal variables known to influence this outcome. Scores on
the Wechsler scale and verbal skills were significantly higher
in the children of active mothers.59 In a cohort study of 538
children conducted in Poland, verbal scores measured by the
Bayley III scales were higher in children whose mothers per-
formedmoderate-intensity physical activity for more than 2.5
hours per week.58 In a Spanish population of 1868 children
aged 6 to 18 years, boys but not girls had a higher educational
level when their mothers had been physically active before
and during pregnancy.60 Moreover, the outcome at 1 year of
the children of active mothers was prospectively compared to
that of a carefully selected control group. To limit confound-
ing, all women in the study were in good physical condition,
aged 25 to 38 years, met defined weight and body fat criteria,
and had similar socioeconomic status (family income above
the 50th centile, both parents with high school diplomas, and
a stable family situation). The Bayley score was assessed by
blinded independent examiners. The psychomotor score was
higher in the group of children of active women: 108 (1) ver-
sus 101 (2), P = .05).61 These various results are consistent
with those reported in both of the 2 most recent scientific
syntheses,53,55 which conclude that maternal physical activ-
ity during pregnancy positively influences total neurodevel-
opment and specifically language development in children, in
particular in their first 18 months.55 Moreover, the effects of
prenatal physical activity on the improvement of general in-
telligence seem to increase as the children grow.53

By What Mechanisms Does Physical Activity during
Pregnancy Improve Children’s Health?

Increased neurogenesis has been observed in the offspring of
active pregnant rats.62,63 Although the physiological mech-

anisms at the origin of this effect still do not appear to be
completely understood, it is reasonable to think that maternal
physical exercise during pregnancy could: (1) induce favor-
able effects on the offspring’s neurocognitive development
by direct placental transfer of peripheral blood factors, such
as brain-derived neurotrophic factor (BDNF), involved in
hippocampal neurogenesis; (2) induce epigenetic modifica-
tions (eg, reduced DNA methylation and increased histone
acetylation in the promoter region of exon IV of the BDNF
gene, in the hippocampus)64; (3) improve maternal behavior
by reducing maternal stress, with positive consequences on
mother-child interactions.

Higher fetal intake of BDNF is correlated with better
memory and greater learning ability.62 BDNF can pass the pla-
cental barrier.65 Its plasma concentrations are higher among
active than sedentary women,66 and this may affect fetal cere-
bral development. All of these mechanisms remain to be con-
firmed in humans.

Another major possibility is that the effect of the preg-
nant woman’s physical activity may be based on the remod-
eling of her ownmicrobiota. Very recent data have shown dif-
ferences between the intestinal microbiota of physically ac-
tive and sedentarywomen,67 with an augmentation among ac-
tive women in the abundance of bacteria favorable to health,
such as Bifidobacterium spp, Roseburia hominis, Akkermen-
sia munciniphila, and Faecalibacterium Prausnitzii.67 Bacte-
rial colonization can be crucial for good cerebral development
(gut-brain axis), through mechanisms involving the produc-
tion, expression, and renewal of neurotransmitters such as
serotonin, gamma-aminobutyric acid (GABA), or BDNF.68
All of these factors are known to be essential in neurocog-
nitive development, language in particular. Beyond the new
knowledge about microbial colonization of the fetus from the
placenta,69 and although important controversies70 as well as
a hot debate are currently underway on this topic, birth is an-
other important moment in the enrichment of the infant mi-
crobiota, in particular for vaginal births. That is, the risk of
immunometabolic disorders appears higher in children with
cesarean compared with vaginal births, because of the low
exposure of the former to their mother’s vaginal flora.71–73
Since the frequency of cesareans is lower amongwomen phys-
ically active during their pregnancy,74 one can certainly ar-
gue that this involves an indirect effect of physical activity
on the newborn’s constitution of health capital. This effect
may thus be determined by the favorable influence of mater-
nal physical activity on vaginal birth as well as the reorga-
nization of the maternal microbiota that the infant can “in-
herit.” These avenues warrant exploration by complementary
studies.

Physical activity in the perinatal period reduces the risk
of postpartum depression. The data from the literature are
solid, based simultaneously on observational and interven-
tional studies.75,76 This disease affects 10% to 15% of women
after childbirth.77 The negative effects of postpartum depres-
sion include an increased risk of fragile vulnerable attach-
ment, as well as neurodevelopmental disorders including cog-
nitive disorders, language delay, and behavioral problems. The
prevention of the risk of postpartum depression by physi-
cal activity may also explain the long-term benefits found in
children.
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CONCLUSION

Numerous observational but also interventional clinical stud-
ies, as well as meta-analyses, show that unborn children un-
dergo both harmful effects from maternal sedentariness and
beneficial effects from her physical activity during pregnancy.
It is possible to show a dose effect, with the benefit increasing
with the level of physical activity. This finding strengthens
the hypothesis of a causal association. Experimental animal
studies have also helped researchers to understand the mech-
anisms responsible for the neurodevelopmental benefits of
physical activity during the perinatal period. Some data from
the past 5 years thus suggest that maternal physical activity
during pregnancy has the potential to program the child’s
physical activity, with a persistent effect, simultaneously on
the maintenance of an active lifestyle and the control of
obesity and its associated metabolic disorders into adulthood.
This effect appears stronger among females. Studies in hu-
mans should be performed to verify these new observations.

Accordingly, regular physical activity is recommended
during pregnancy for the benefit of the unborn child. Along-
side factors such as eating and the reduction of exposure to
toxic substances and to stress, maternal physical activity is one
of the determinants of the child’s long-term outcome.

In view of these numerous beneficial effects for the fetus
and the newborn, it is recommended that pregnant women:

— Begin or continue physical activity of moderate inten-
sity≥ 150 minutes a week with at least 3 sessions of a duration
longer than 30 minutes (grade A).

— Begin or continue strength training involving the large
muscle groups once or twice a week) (grade A).

— Limit the time spent being sedentary (≤7 h/d) (expert
consensus).
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