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Abstract Regular physical activity is associated with improved physiological, meta-
bolic and psychological parameters, and with reduced risk of morbidity and
mortality. Current recommendations aimed at improving the health and well-
being of nonpregnant subjects advise that an accumulation of ‡30 minutes of
moderate physical activity should occur on most, if not all, days of the week.

Regardless of the specific physiological changes induced by pregnancy,
which are primarily developed to meet the increased metabolic demands of
mother and fetus, pregnant women benefit from regular physical activity the
same way as nonpregnant subjects.

Changes in submaximal oxygen uptake (
.
VO2) during pregnancy depend

on the type of exercise performed. During maternal rest or submaximal
weight-bearing exercise (e.g. walking, stepping, treadmill exercise), absolute
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maternal
.
VO2 is significantly increased compared with the nonpregnant state.

The magnitude of change is approximately proportional to maternal weight
gain.

When pregnant women perform submaximal weight-supported exercise
on land (e.g. level cycling), the findings are contradictory. Some studies re-
ported significantly increased absolute

.
VO2, while many others reported

unchanged or only slightly increased absolute
.
VO2 compared with the non-

pregnant state. The latter findings may be explained by the fact that the
metabolic demand of cycle exercise is largely independent of the maternal
body mass, resulting in no absolute

.
VO2 alteration.

Few studies that directly measured changes in maternal maximal
.
VO2

(
.
VO2max) showed no difference in the absolute

.
VO2max between pregnant and

nonpregnant subjects in cycling, swimming or weight-bearing exercise. Effi-
ciency of work during exercise appears to be unchanged during pregnancy in
non-weight-bearing exercise. During weight-bearing exercise, the work effi-
ciency was shown to be improved in athletic women who continue exercising
and those who stop exercising during pregnancy. When adjusted for weight
gain, the increased efficiency is maintained throughout the pregnancy, with
the improvement being greater in exercising women.

Regular physical activity has been proven to result in marked benefits for
mother and fetus. Maternal benefits include improved cardiovascular func-
tion, limited pregnancy weight gain, decreased musculoskeletal discomfort,
reduced incidence of muscle cramps and lower limb oedema, mood stability,
attenuation of gestational diabetes mellitus and gestational hypertension.
Fetal benefits include decreased fat mass, improved stress tolerance, and
advanced neurobehavioural maturation. In addition, few studies that have
directly examined the effects of physical activity on labour and delivery in-
dicate that, for women with normal pregnancies, physical activity is accom-
panied with shorter labour and decreased incidence of operative delivery.

However, a substantial proportion of women stop exercising after they
discover they are pregnant, and only few begin participating in exercise
activities during pregnancy. The adoption or continuation of a sedentary
lifestyle during pregnancy may contribute to the development of certain dis-
orders such as hypertension, maternal and childhood obesity, gestational
diabetes, dyspnoea, and pre-eclampsia. In view of the global epidemic of
sedentary behaviour and obesity-related pathology, prenatal physical activity
was shown to be useful for the prevention and treatment of these conditions.
Further studies with larger sample sizes are required to confirm the associa-
tion between physical activity and outcomes of labour and delivery.

Regular physical activity is associated with
improved physiological, metabolic and psycho-
logical parameters, and with reduced risk of
morbidity and mortality from diseases such as
cardiovascular disease, hypertension, diabetes
mellitus, obesity, osteoporosis, sarcopenia, cog-
nitive disorders and some forms of cancer.[1]

Current recommendations aimed at improving

the health and well-being of nonpregnant sub-
jects advise that an accumulation of 30 minutes
or more of moderate physical activity should oc-
cur on most, if not all, days of the week.[2]

Regardless of the specific physiological chan-
ges induced by pregnancy, which are primarily
developed to meet increased metabolic demands
of mother and fetus, pregnant women benefit
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from regular physical activity the same way as
nonpregnant subjects.[3] However, a substantial
proportion of women stop exercising and de-
crease their general physical activity level after
they discover they are pregnant, and only few
begin participating in exercise or sport activities
during pregnancy.[4] The adoption or continua-
tion of a sedentary lifestyle during pregnancy
may contribute to development of certain dis-
orders such as hypertension, maternal and child-
hood obesity, gestational diabetes, dyspnoea and
pre-eclampsia.[3] In view of the global epidemic of
sedentary behaviour and obesity-related patho-
logy, prenatal physical activity has been shown to
be useful for the prevention and treatment of
these conditions.[5]

A systematic literature review was conducted
on physical activity and pregnancy. The search
included articles published inMEDLINE and ISI
Web of Science databases. Keywords used were:
‘physical activity’ OR ‘physical exercise’, ‘preg-
nancy’ OR ‘gestation’, ‘pregnancy outcomes’,
‘labour’, ‘cardiovascular adaptations’, ‘heart rate’,
‘training’, ‘detraining’, ‘physical activity recom-
mendations’ AND ‘pregnancy’. In a first round,
there were no restrictions to certain years
of publication. In a second round, publications
published between 2007 and 2009 were specifi-
cally reviewed to assure inclusion of any relevant
new publication.

The aim of this article was to review the cur-
rent state of knowledge on (i) the cardiovascular
adaptations to physical activity in the pregnant
and nonpregnant states; (ii) the compliance of
pregnant women with current physical activity
recommendations; and (iii) the effects of physical
activity on pregnancy outcomes.

1. Cardiovascular Adaptations to Training
and Detraining in Pregnant and
Nonpregnant States

1.1 Cardiovascular Adaptations to Training

Repeated episodes of physical activity per-
formed over a longer period (i.e. training) cause
adaptations in the respiratory, cardiovascular
and neuromuscular systems that enable physi-

cally trained persons to exercise for longer at
a given absolute exercise intensity, or to ex-
ercise at a higher exercise intensity for a given
duration.[6] The adaptations in metabolic and
physiological systems depend on the type of ex-
ercise overload imposed. Short duration activities
demanding high levels of anaerobic metabolism
favour the adaptation of the immediate and
short-term energy systems, with limited impact
on the aerobic system. Regular endurance train-
ing, on the other hand, improves overall aerobic
capacity.[7-9]

For public health concerns and in contrast to
training for sports-specific improvement, current
interest in physical activity participation arises
largely from a desire to improve health-related
fitness components, primarily cardiorespiratory
fitness.[10] Aerobic training produces significant
changes to the cardiovascular system: enlarged
left ventricular cavity of the heart; enhanced
blood and stroke volume; increased maximum
cardiac output (Q̇); and decreased resting and sub-
maximal exercise heart rate.[6] The lower resting
and sub-maximum exercise heart rate generally
reflect an improved submaximal and maximal
oxygen uptake (

.
VO2max) and a correspondingly

higher level of cardiovascular fitness.

1.2 Cardiovascular Adaptations to Detraining

While regular physical activity is accompanied
by better cardiovascular fitness, a reduction or
cessation of physical activity leads to partial
or complete reversal of the physiological adap-
tations. Inactivity is accompanied by a rapid
decline in

.
VO2max and blood volume. Conse-

quently, submaximal exercise heart rate increases
but insufficiently to counterbalance decreased
stroke volume, thus resulting in a reduction of
maximal Q̇.[11] Measurable alterations in physio-
logical functions take place after only a week or
two of detraining.[8] Total loss of training im-
provements occurs within several months.[8] As a
result, any sudden physical effort imposed on the
detrained subjects leads to physiological and
metabolic stress, as they are not able to respond
to imposed physical exertion as efficiently as
trained subjects.
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2. Cardiovascular Changes due to
Pregnancy

Regardless of training status, women who be-
come pregnant undergo profound cardiovascular
system alterations (figure 1). The first haemody-
namic change during pregnancy is a rise in heart
rate, both at rest and during submaximal work-
out. It starts between 2 and 5 weeks of pregnancy
and continues well into the third trimester.[12] On
average, the resting heart rate raises 8 beats/min
by the eighth week, and reaches an increase of
16 beats/min by the end of pregnancy.[13] The ef-
fect is less evident in supine or lateral positions
and more evident during sitting.[14] The mechan-
ism of the increased heart rate is not yet clearly
identified. It may be attributed to chorionic gona-
dotropin, or to sympathetic reflex adjustments to
maintain arterial blood pressure despite reduced
peripheral vascular resistance.[15]

Between 10 and 20 weeks of pregnancy, a no-
table increase in blood volume takes place due to an
increase in both plasma and erythrocytes.[16,17] This
represents a rise of approximately 1500mL,[16] of
which 1000mL is plasma volume and 500mL is
erythrocytes.[18] Since plasma volume amplifies
more than red blood cell volume, a relative dilu-
tional anaemia occurs.[19] Blood volume expansion
may be even greater in multifetal gestations.[18]

Resting Q̇ is increased as early as the fifth week
of pregnancy as a result of the increased heart

rate, stroke volume and blood volume.[12,17,20]

Resting Q̇ increases by 1L/min at 8 weeks of gest-
ation, which represents >50% of the overall
change in pregnancy.[20] During the third trime-
ster, resting Q̇ increases only minimally, primar-
ily because of the increase in heart rate as term
approaches.[21] In multifetal pregnancies, resting
maternal Q̇ is greater by approximately 20%
compared with singleton pregnancies.[19] Q̇ is also
affected by the positional changes of the
women.[14] After 20 weeks of gestation, the gravid
uterus may obstruct the aorta and inferior vena
cava, causing a decrease in uteroplacental blood
flow and venous return to the heart,[9] especially
when the woman is in the supine position. The
left lateral position quickly relieves compression
of the inferior vena cava.[21] Left uterine dis-
placement also tends to prevent aortocaval com-
pression, although it is less optimal than the left
lateral position.[19]

Blood pressure is not increased in normal
pregnancy due to decreased peripheral vascular
resistance.[19] In fact, systolic pressure remains
quite stable, whereas diastolic pressure decreases
up to 15mmHg in mid-pregnancy.[22]

2.1 Cardiovascular Changes during Labour
and Delivery

Although Q̇ remains relatively constant in the
latter half of pregnancy, there is a significant

Pregnancy-induced
cardiovascular changes

Increase in resting and
sub-maximal heart rate

Increase in plasma and
red blood cell mass

Increase in blood volume

Increase in stroke volume

Descrease in
blood pressure

Increase in resting and
sub-VO2max

.

Increase in Q
.

Fig. 1. Pregnancy-induced cardiovascular changes. Q̇ = cardiac output;
.
VO2max = maximal oxygen uptake.
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increase during active labour and immediately after
delivery. A study[12] of normal labour in women
without epidural anaesthesia reported an increase
in Q̇ of 12% and 34% between contractions and at
full dilatation, respectively. The increase in Q̇
seems to be caused by an increase in heart rate
and stroke volume. Such changes are thought to
be sympathetically mediated and are likely due to
the combined effects of pain, increased metabolic
demand and increased venous return during
uterine contractions.[23] Circulating blood vol-
ume also increases during contractions by an
additional 300–500mL due to blood auto-
transfusion from the placenta.[24]

The physical effort of normal labour does
not impose high energy demands on the parturi-
ent. The energy requirement is affected more by
the frequency and duration of uterine contrac-
tions than by the total duration of labour.[25]

Katz et al. measured energy expenditure of la-
bour in 23 healthy women.[25] The results showed
oxygen uptake (

.
VO2) of 0.255L/min during uter-

ine relaxation (at 4 cm dilatation), 0.338L/min
during contractions (at 4 cm dilatation), and
0.510L/min at delivery. Thus, the

.
VO2, which

increases ~20% during normal pregnancy, may
increase an additional 60% during the contrac-
tions, but remains rather low when compared
with the increase observed during physical ac-
tivity (walking, running, cycling). It is higher in
multiparous women than in nulliparous women
and is highest in those women with the shortest
labour.[25] If the process of expulsion is pro-
longed (>30 minutes), the increased demand for
oxygen is partially met by anaerobic metabolism
causing an increase in maternal blood lactate
levels.[25]

The haemodynamic changes seen during la-
bour and delivery are influenced by anaesthetic
and analgesic techniques.[21] Lumbar epidural
anaesthesia during labour reduces maternal
adrenaline (epinephrine) levels,[26] and decreases
the work of breathing,

.
VO2,

[27,28] fetal heart
rate,[29] maternal Q̇ and blood pressure.[30-32] The
haemodynamic changes are also influenced by the
position of the parturient. For example, Q̇ and
stroke volume are significantly decreased in the
supine, compared with the lateral, position.[33]

2.2 Postpartum Cardiovascular Changes

Within the first 15–20 minutes after delivery
of the fetus and placenta there is a substantial
increase in Q̇, as the blood is no longer diverted
to the uteroplacental vascular bed, but rather
redirected to the maternal circulation.[21] By
24 hours after delivery, Q̇ is no longer signifi-
cantly different from pre-labour values,[34] and
fully returns to pre-pregnant values by 2 weeks
after delivery. Stroke volume also decreases
within 2 weeks, although there is a further small
reduction up to 6 months after delivery.[12]

3. Physical Activity and Pregnancy

Although pregnancy induces an increase in Q̇,
stroke volume and heart rate, women who con-
tinue aerobic exercise training during pregnancy
have lower resting heart rate and higher stroke
volume than matched sedentary controls.[35,36] In
addition, aerobically fit women have greater

.
VO2

response at a given heart rate compared with
their sedentary counterparts.[36]

3.1 Submaximal Aerobic Capacity during
Pregnancy

Changes in submaximal
.
VO2 during preg-

nancy depend on the type of exercise performed.
During maternal rest or submaximal weight-
bearing exercise (e.g. walking, stepping, treadmill
exercise), absolute maternal

.
VO2 (L/min) is signi-

ficantly increased compared with the nonpreg-
nant state.[37,38] The magnitude of change is
approximately proportional to maternal weight
gain. At the same speed or grade of walking or
running, the values for

.
VO2 expressed inmL/kg/min

are thus similar or only slightly higher during
pregnancy compared with the nonpregnant
state.[37,39-41]

When pregnant women perform submaximal
weight-supported exercise on land (e.g. level cy-
cling), where the energy cost of locomotion is not
altered by maternal morphological changes, the
findings are contradictory. Some studies reported
significantly increased absolute

.
VO2,

[37,40,42]

while many others[15,35,38,40,43-47] reported un-
changed or only slightly increased absolute

.
VO2
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compared with the nonpregnant state. The latter
findings may be explained by the fact that the
metabolic demand of cycle exercise is largely in-
dependent of the maternal body mass, resulting
in no absolute

.
VO2 alteration.

3.2 Work Efficiency

Net efficiency of work during exercise, i.e. the
slope of the relationship between

.
VO2 and work

rate, appears to be unchanged during pregnancy
in non-weight-bearing exercise (e.g. cycle ergo-
meter testing).[38,44,48] The efficiency of weight-
bearing exercise (e.g. treadmill testing), on the
other hand, was shown to be improved in early
pregnancy in athletic women who continue ex-
ercising and those who stop exercising during
pregnancy.[49,50] The increase in exercise efficiency
is obscured after the fifteenth week of pregnancy
by pregnancy-associated increases in maternal
weight. When adjusted for weight gain, the in-
creased efficiency is maintained throughout the
pregnancy, with the improvement being greater in
women who continue exercising during preg-
nancy.[49]

3.3 Maximum Aerobic Capacity during
Pregnancy
.
VO2max, as a criterion measure of cardio-

vascular fitness, is poorly documented in preg-
nancy. Measuring

.
VO2max during gestation holds

a theoretical risk of inducing fetal stress due to
blood distribution favouring maternal skeletal
muscle at the expense of uterine blood flow. For
ethical reasons, most studies report estimated
values obtained by extrapolating individual sub-
maximal heart rate-

.
VO2 curves rather than actual

measured values at peak exercise intensity. The
few studies (table I) that directly measured
changes in maternal

.
VO2max showed no differ-

ence in the
.
VO2max (L/min) between pregnant and

nonpregnant subjects in cycling,[44-47,50-53] swim-
ming or weight-bearing exercise.[47,50,51,54] Well
conditioned women or athletes who maintain a
moderate to high level of exercise during and
after pregnancy have even shown a small but
significant increase in

.
VO2max following preg-

nancy.[53,54] Thus, pregnancy may have an added

training effect in well conditioned, recreational
sports women.

3.4 Maximal Heart Rate during Pregnancy

Although the
.
VO2max values do not seem to

differ significantly in the pregnant compared with
the nonpregnant state, maximal heart rate was
reported to be approximately 4 beats/min lower
in pregnancy compared with post partum.[50] The
blunted heart rate responses to maximal exercise
may be due to reduced sympathoadrenal res-
ponses to heavy exertion during pregnancy.[43]

As a result of the increased resting heart rate and
decreased maximal heart rate, heart rate reserve is
reduced and heart rate rises to a lesser extent with
increasing

.
VO2, lowering the slope of the heart rate-.

VO2 relationship during pregnancy compared with
the nonpregnant state.[15,51] However, with the ex-
ception of resting heart rate, the change in the heart
rate-

.
VO2 relationship appears not to be affected

significantly by a woman’s habitual exercise beha-
viour throughout pregnancy.[55]

4. Physical Activity Recommendations
during Pregnancy

In the past, recommendations for physical ac-
tivity were based on cultural and traditional
mores rather than scientific evidence. In the
1950s, continuation of household chores and a
1.6 km (1 mile) walk per day, preferably divided
into several short sessions, was advised, whereas
sports and exercise were discouraged.[5] In 1985,
the American College of Obstetricians and Gyne-
cologists (ACOG) formulated one of the first
recommendations for exercising during preg-
nancy. It was advised that the intensity of exercise
should not induce an increase in heart rate above
140 beats/min and that strenuous exercise should
not last more than 15 minutes.[5] Since then, evi-
dence has accumulated on the type, intensity,
duration and frequency of exercise beneficial for
mother and offspring,[56] leading to the revision
of the guidelines.

Present ACOG recommendations,[57] and those
jointly published by the Society of Obstetricians
and Gynecologists of Canada (SOGC) and the
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Canadian Society of Exercise Physiology
(CSEP),[58] advise that pregnant women who are
free of medical or obstetric complications follow
the American College of Sports Medicine–
Centers of Disease Control and Prevention
(ACSM-CDC) guidelines for physical activity
and exercise. According to these guidelines,
pregnant women may safely engage in ‡30 minutes
of moderate physical activity on most, if not all,
days of the week.[57] Moderate physical activity is
defined as an activity performed at an intensity of
three to six metabolic equivalents (METs), which
corresponds to brisk walking at ~5–7 km/h
(3–4mph).[59] Previously sedentary women should
start with 15 minutes of continuous exercise three
times a week, increasing gradually to 30-minute
sessions four times a week.[58] The aim of exercising
during pregnancy is to maintain a good condition
without trying to reach a peak fitness level.[58]

Because of the potential risk of certain activ-
ities, healthcare professionals should adapt the
exercise prescriptions accordingly, prescribing

activities such as walking, swimming, stationary
cycling and aquafit rather than gymnastics,
horseback riding, skiing, racquet sports or con-
tact sports. The risks of injury associated with
falling are increased in latter activities due to in-
creased levels of oestrogen and relaxin, which
augment ligamentous laxity and hypermobi-
lity.[54,60] Pelvic support belts and core stability
exercise can be used to enable women to remain
active in spite of these changes. In addition,
muscle conditioning (light weight-lifting in mod-
erate repetitions) is suggested to maintain flex-
ibility and muscle tone, prevent gestational lower
back pain, and promote general conditioning.[61]

Abdominal strengthening is difficult to per-
form due to the development of diastasis recti
and associated abdominal muscle weakness.[58]

For that reason, pregnant women should avoid
exercising in the supine position after ~16 weeks
of gestation. Scuba diving is also to be avoided
throughout pregnancy, as the fetus is not protected
from decompression sickness and gas embolism.[58]

Table I. Studies reporting actual measured maximal oxygen uptake (
.
VO2max) in pregnant women

Study (year) No. of

subjects

Measurements Findings

Heenan et al.[44]

(2001)

14
.
VO2 (L/min) measurements in pregnant women

(35 – 0.4 wk) and age-matched nonpregnant control

group (n = 14) while cycling maximally. Low age-

specific aerobic capacity levels

No significant differences in
.
VO2max in pregnant

vs control group

Lotgering et al.[50,51]

(1991, 1992)

33
.
VO2 measurements (L/min) at 16, 25 and 35 wk of

pregnancy and 7 wk post partum at increasing levels

of cycling and treadmill exercise until maximum

aerobic power was reached. Average age-specific

aerobic capacity levels

No significant differences in
.
VO2max in

pregnancy period vs post partum during cycling

and treadmill exercise

McMurray et al.[52]

(1991)

10
.
VO2 measurements (L/min) at 25–35 wk of pregnancy

and 9–11 wk post partum during cycling and

swimming maximally. Average age-specific aerobic

capacity levels

No significant differences in
.
VO2max in

pregnancy period vs post partum during cycling.

The swim
.
VO2max was significantly greater post

partum than in the 35th swim trials

Sady et al.[45]

(1988)

45
.
VO2 (L/min) measurements in pregnant women

(26 – 3 wk) and a nonpregnant control group (n = 10)

while cycling maximally. Low age-specific aerobic

capacity levels

No significant differences in
.
VO2max in pregnant

vs control group

Sady et al.[46]

(1989)

45
.
VO2 (L/min) measurements at 26 – 3 wk of pregnancy

and 8 – 2 wk post partum while cycling maximally. Low

age-specific aerobic capacity levels

No significant differences in
.
VO2max in

pregnancy period vs post partum

Spinnewijn et al.[47]

(1996)

11
.
VO2 measurements (L/min) at 30–34 wk of pregnancy

and 8–12 wk post partum during cycling and

swimming maximally. Average age-specific aerobic

capacity levels

No significant differences in
.
VO2max in

pregnancy period vs post partum during bicycle

and swimming

.
VO2 = oxygen uptake.
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Exertion at altitudes above 2500m (8250 feet) is
advised only after 4–5 days of exposure and accli-
matization to such high altitudes.[62]

Metabolic responses during exercise in preg-
nancy are related to the duration and intensity
of exercise. Blood glucose of pregnant women
decreases at a faster rate and to a significantly
lower level post-exercise than in nonpregnant
women.[63] This decrease does not seem to cause
hypoglycaemia, even after 40 minutes of moder-
ate walking or aerobic dancing.[64,65] However,
consuming adequate calories and limiting ex-
ercise sessions to <45 minutes is advisable.

During the course of pregnancy, thermo-
regulation improves as a result of increased blood
circulation and sweating. Prolonged exercise in
hot, humid conditions should nevertheless be
avoided and adequate hydration maintained
knowing that maternal core temperature above
39.2�C during the first trimester may be poten-
tially teratogenic (neural tube defects).[66] At
present, the limited data that are available from
studies on exercising pregnant women suggest
that women do generally not exercise at levels
that cause significant hyperthermia.[67,68]

4.1 Recommended Heart Rate Target Zones
for Aerobic Exercise in Pregnancy

As a result of the reduced maximal heart rate
reserve during pregnancy, modified heart rate
target zones for aerobic exercise are proposed for
each age decade (table II). The proposed mod-
ification is based on lowering the top end of the
zone by 5 beats/min, thus reducing its range from
20 to 15 beats/min.[61] The heart rate target range
represents ~60–80% of aerobic capacity of a
pregnant woman.

If the heart rate is chosen to be used solely as
an indicator of exercise intensity during preg-
nancy, ratings of perceived exertion (RPE) is re-
commended to be used in addition to heart rate
(table III).[58] RPE consists of numerical ratings
from 6–20.[69] When multiplied by 10, the RPE
ratings would roughly correspond to heart rate
observed in healthy young adults. The conven-
tional prescriptive zone for fitness training of
healthy adults is 12–16. Pivarnik et al.[40] have
shown that this zone is not significantly altered in
pregnancy during weight-supported exercise (e.g.
cycling). By contrast, the RPE rises in pregnancy
during weight-bearing exercise (e.g. walking)
proportionally to increased energy expenditure
due to maternal weight gain. For that reason, a
target zone of 12–14 is identified as the recom-
mended RPE range in pregnancy.

5. Compliance with Physical Activity
Recommendations during Pregnancy

Individual physical activity varies greatly du-
ring pregnancy, and is determined by socioecono-
mic and cultural factors specific to the population.
Activity-induced energy expenditure is generally
low in gestation[70-75] and tends to decrease as
pregnancy advances.[76-83] The decrease in physi-
cal activity during pregnancy is probably attrib-
uted to difficulties of movement related to larger
body mass and discomfort from pregnancy-
induced morphological and physiological chan-
ges. Reductions also occur as a result of behaviour
changes with respect to the type of activity and
in the pace or intensity at which it is carried
out.[84,85]

Studies reviewing retrospective and prospec-
tive data on physical activity during pregnancy
concluded that women decrease physical activity
intensity and duration as pregnancy progresses
and shift toward performing less intense, more
comfortable modes of activity with lower risks of
maternal and fetal injury.[83,86-88] Pregnant
women who ran or jogged before pregnancy were
reported to be no longer involved in these modes
of exercise but to have shifted toward swimming,
walking or gardening. A similar trend can be ob-
served regarding occupational activities. Women

Table II. Modified heart rate target zones for aerobic exercise in

pregnancy (reproduced from Davies et al.,[58] with permission from

the Society of Obstetricians and Gynaecologists of Canada)

Maternal age

(years)

Heart rate target

zone (beats/min)

Heart rate target zone

(beats/10 sec)

<20 140–155 23–26

20–29 135–150 22–25

30–39 130–145 21–24

‡40 125–140 20–23
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with physically strenuous professions are more
likely to stop working during the last trimester of
pregnancy than women working in less physically
demanding occupations.[83]

The decrease in activity-related energy ex-
penditure during pregnancy can be observed in
both the developed and the developing world.
Compared with nonpregnant women, energy
expended on physical activity during pregnancy
is decreasing, on average, by 233 kcal/day (20%)
at 30 weeks in Sweden,[76] 201 kcal/day (22%) at
25 weeks and 240 kcal/day (23%) at 35 weeks in
Colombia,[89] and 103 kcal/day (13%) at 38 weeks
in Switzerland.[90]

As a result, few women reach the recommen-
ded physical activity (‡30 minutes of moderate
physical activity on most, if not all, days of the
week) during pregnancy. In the US, only 16% of
pregnant women comply with the physical ac-
tivity recommendations, compared with 26% of
nonpregnant women.[91] Even healthy, otherwise
active women decrease physical activity due to
pregnancy. For example, 70% of women living in
Switzerland complied with the recommendations
during pregnancy compared with 89% in the
nonpregnant state.[92]

6. Effects of Physical Activity on
Pregnancy Outcomes

The influence of physical activity on preg-
nancy outcomes is widely debated. Traditionally,
pregnant women were advised to reduce their lev-
els of physical activity. This advice was based on
concerns that exercise would affect pregnancy
outcomes by raising core body temperature, by
increasing the risk of maternal musculoskeletal
injury due to changes in posture, centre of gravity
and ligamentous laxity, and by moving transport
of oxygen and nutrients to maternal skeletal
muscle rather than to the developing fetus.[58]

In the meantime, research has provided a sig-
nificant amount of new information about how a
pregnant woman and her fetus respond to regular
engagement in moderate physical activity.[93]

New investigations have shown no adverse
maternal or neonatal outcomes, no abnormal fe-
tal growth and no increase in early pregnancy loss
or late pregnancy complications.[58]

On the contrary, regular physical activity has
proven to result in marked benefits for mother
and fetus. Maternal benefits include improved
cardiovascular function, limited pregnancy
weight gain,[94] decreased musculoskeletal dis-
comfort,[5] reduced incidence of muscle cramps
and lower limb oedema,[60] mood stability[83,95]

and attenuation of gestational diabetes and ge-
stational hypertension.[96] Fetal benefits include
decreased fat mass, improved stress tolerance,
and advanced neurobehavioural maturation.[97]

The most common fetal response to maternal
exercise is alteration in fetal heart rate. The fetal
heart rate was reported to increase in the im-
mediate post-exercise period, and to be correlated
with both duration and intensity of maternal
exercise.[15,98] Increases in maternal core tempe-
rature and maternal-fetal transfer of catechola-
mines have been reported as causes of post-exercise
fetal tachycardia.[99] Transient decrease in fetal
heart rate was also reported during mild or
moderate intensity exercise or in studies involving
high intensity maternal exertion.[98,99] Reduced
uterine blood flow caused by a rapid post-
exercise fall in Q̇ was postulated as a cause of the
bradycardia, although firm physiological bases

Table III. Borg’s rating of perceived exertiona (reproduced from

Davies et al.,[58] with permission from the Society of Obstetricians

and Gynaecologists of Canada)

Borg’s rating of perceived exertion

6

7 Very, very light

8

9 Somewhat light

10

11 Fairly light

12

13 Somewhat hard

14

15 Hard

16

17 Very hard

18

19 Very, very hard

20

a A rating of 12–14 is appropriate for most pregnant women.
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for these changes are still lacking.[99] Despite the
overall alterations of fetal heart rate due to
maternal exercise, no abnormal birth outcomes
have been noted in healthy women undergoing a
normal pregnancy.[99]

Only a few studies so far have directly examined
the effects of physical activity on labour and deliv-
ery. One of them was performed by Clapp[100] on
131 well conditioned recreational athletes. Those
who continued to exercise at or above 50% of their
pre-pregnancy performance level throughout
pregnancy had a lower incidence of operative
abdominal and vaginal deliveries and fewer fetuses
with acute fetal distress in labour. Erdelyi[101] re-
ported that among 172 Hungarian athletes, the
frequency of caesarean section was almost 50%
lower than in a control group of 184 non-athletes.

Even sporadic exercisers, who participated
in a structured exercise programme for at least
1 hour, twice weekly for a minimum of 12 weeks
during pregnancy, were more likely to have a
spontaneous vaginal delivery than their non-
exercising counterparts.[102] Hall andKaufmann[103]

studied 845 pregnant women who were given the
option to participate in exercise programmes
designed specifically for pregnant women. They
reported that the incidence of caesarean delivery
was 6.7% in the high-exercise group (women who
completed 64 exercise sessions [range 60–99]
during pregnancy), compared with 28.1% in the
sedentary group (0.8 sessions [range 0–10] during
pregnancy) [p < 0.0001]. Melzer et al.[92] studied
the effects the recommended levels of ‡30minutes
of moderate physical activity per day on preg-
nancy outcomes in 44 healthy Swiss women. Ac-
tive women had a lower risk of operative delivery
compared with inactive women (odds ratio =
3.67; 95% CI 1.02, 13.1). Adjustment for parity,
maternal weight gain and infant weight
strengthened the association between lack of
physical activity and operative delivery (adjusted
odds ratio = 7.65; 95% CI 1.27, 45.84).

Prior studies showed a strong correlation
between length of labour and physical fit-
ness.[100-102,104,105] Penttinen and Erkkola,[106] on
the other hand, found no significant differences
in labour parameters between athletes and con-
trols. Many other studies[103,106-108] also reported

no significant difference in labour duration be-
tween recreationally active women and their
controls. Lastly, maternal exercise has been re-
ported to increase,[103,109,110] decrease[100] or have
no effect[88,102,111,112] on newborn birthweight.

The inconsistent results on the effects of ex-
ercise on the newborn’s birthweight may be
due to the differences in type, timing, frequency
and duration of the exercise regimen imposed
(table IV). Clapp et al.[113] demonstrated that
women who begin a regular, moderate regimen of
weight-bearing exercise (treadmill, step aerobic
or stair stepper) in early pregnancy (for 20minutes
3–5 times per week) gave birth to larger newborn
birthweights compared with non-exercising mo-
thers. Other studies further indicated that women
who stayed active throughout the pregnancy also
experienced improved fetal growth.[103,109,110]

Physical activity during pregnancy may thus be
an important mechanism for improving placental
functional capacity, circulation and gas exchange,
which in turn increases nutrient delivery and
overall growth rate of the fetus.[109,113]

Nevertheless, weight-bearing exercise was
shown to influence fetal growth in both a time-
dependent and exercise volume-dependent fash-
ion.[114] Women who increased the volume of
their moderate weight-bearing exercise (tread-
mill, step aerobic or stair stepper) in late preg-
nancy (20 minutes 3–5 times per week through
week 20, gradually increasing to 60 minutes
5 days per week by week 24 and maintaining that
regimen until delivery) experienced a significantly
lower newborn birthweight than those women
who maintained the high volume of exercise in
early pregnancy and then decreased it by two-
thirds in late pregnancy.[114] For women who ex-
ercised to term, the drop in infant weight was
attributed mainly to differences in newborn fat
mass. Clapp and Capeless[115] concluded that
most of the variability in birthweight (40%) can
be explained by the relative level of weight-
supported exercise performance in the last 5 months
of pregnancy. Other studies have been unable to
demonstrate decreased birthweight in women
who continue exercising but at reduced levels, or
in those performing weight-supported exercise
(cycling) and/or weight-lifting exercise.[103,107]
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7. Conclusions

Various physiological modifications arise dur-
ing pregnancy, labour and delivery in order to

meet the increased metabolic demands of mother
and fetus. Despite the pregnancy-induced physio-
logical changes, moderate physical activity dur-
ing normal pregnancy appears to be beneficial

Table IV. Effect of a structured exercise programme during pregnancy on a newborn’s birthweight

Study (year) Number of subjects Exercise mode Newborn birthweight

Beckmann and

Beckmann[102]

(1990)

50 exercise group; 50 control group Exercise group participated in a non-

endurance strength training programme

for at least 1 h, 2·/wk, for a minimum of

12 wk during pregnancy

No statistical difference in

birthweight between exercise and

control group (3.69 – 0.3 vs

3.65 – 0.3 kg)

Clapp[100]

(1990)

87 exercise group (runners, aerobic

dancers); 44 control group (runners,

aerobic dancers who stopped exercising

during pregnancy)

Exercise at ‡50% of preconception level

(preconception level: running,

14–68 km/wk, 51–83%
.
VO2max; aerobics,

3–11 sessions/wk, 25–30 min at 54–90%
.
VO2max)

Exercise group had heavier babies

than those born to control group

women (3.78 – 0.4 vs 3.37 – 0.3 kg;

p = 0.01)

Clapp et al.[97]

(1999)

34 exercise group; 31 control group Throughout pregnancy: running,

aerobics, swimming or stair-climbing,

3·/wk, >20 min, >55%
.
VO2max

Control group had heavier babies

than those born to exercise group

women (3.64 – 0.05 vs

3.44 – 0.1 kg; p = 0.01)

Clapp et al.[113]

(2000)

22 exercise group; 24 control group Weight-bearing exercise (treadmill, step

aerobics or stair stepper) from the 8th wk

of pregnancy, 20 min, 3–5·/wk at

55–60% pre-pregnancy
.
VO2max

Exercising mothers had heavier

babies than those born to control

women (3.75 – 0.8 vs 3.49 – 0.7 kg;

p = 0.05)

Clapp et al.[114]

(2002)

26 L-H; 24 M-M; 25 H-L From the 8th wk of pregnancy, at

55–60%
.
VO2max: L-H, 20 min, 5·/wk

through wk 20, increasing to 60 min

5·/wk by wk 24 and maintaining that

level until delivery; M-M, 40 min, 5·/wk;

H-L, 60 min, 5·/wk through wk 20,

decreasing to 20 min, 5·/wk by wk 24

and maintaining that level until delivery

H-L group had heavier babies

compared with the M-M and H-L

groups (3.90 – 0.1 vs 3.44 – 0.1 vs

3.34 – 0.1 kg; p < 0.001)

Collings

et al.[107]

(1983)

20 exercise group; 12 control group During the 2nd and 3rd trimester of

pregnancy: aerobic exercise 3·/wk,

>25 min, 65–70%
.
VO2max

Exercise group had no significantly

heavier babies from those born to

control group women (3.60 – 0.4 vs

3.35 – 0.4 kg)

Hall and

Kaufmann[103]

(1987)

393 control group (average 0.8

sessions); 82 low level exercise group

(15 sessions); 309 medium level

exercise group (32 sessions); 61 high

level exercise group (64 sessions)

Throughout pregnancy, exercise session

consisted of 3 components: warm-up

(5 min treadmill at 5–6 km/h, or 5 min

bicycle at 50 W) + 5·/wk, 45 min weight-

lifting + bicycle ergometer (~85% of

maximal HR but <140 beats/min)

High exercise group had 151 g

heavier babies than those born to

control group women (3510 vs

3359 g; p = 0.06)

Kardel and

Kase[112]

(1998)

21 MEG; 21 HEG From 20th wk of pregnancy, 3-part

programme:

1. Muscle strength: MEG and HEG:

5·/wk, 72 min

2. Interval aerobic

(HR = 170–180 beats/min): MEG, 1st day

15 sec exercise, 15 sec rest for 10 min,

2 times with 5 min break between; HEG,

the same as MEG with 15 min rest

3. Endurance aerobic (HR

120–140 beats/min): MEG and HEG,

2·/wk, 90 min

No statistical difference in

birthweight between MEG and

HEG group (3.59 – 0.5 vs

3.65 – 0.5 kg)

HEG = high intensity exercise group; H-L = high-low exercise group; HR = heart rate; L-H = low-high exercise group; MEG = medium intensity

exercise group; M-M = moderate-moderate exercise group;
.
VO2max = maximal oxygen uptake.
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and should be encouraged. Unfortunately, en-
ergy expended on physical activity often de-
creases as pregnancy advances, which may have
negative consequences on mother and infant,
including maternal cardiovascular fitness and
capacity to sustain efforts required during labour
and delivery. Further studies with larger sample
sizes are required to confirm the association be-
tween physical activity and outcomes of labour
and delivery.

Acknowledgements

The study was supported in part by a competitive grant
attributed to Drs Boulvain and Kayser by the Clinical Re-
search Centre, Faculty of Medicine, University of Geneva,
and was further supported by the Faculty of Medicine of
the University of Geneva, and the University Hospitals of
Geneva, Switzerland. The SOGC guideline has been provided
free of charge courtesy of the Society of Obstetricians and
Gynecologists of Canada. The authors have no conflicts of
interest that are directly relevant to the content of this review.

References
1. Melzer K, Kayser B, Pichard C. Physical activity: the

health benefits outweigh the risks. Curr Opin Clin Nutr
Metab Care 2004; 7: 641-7

2. American College of Sports Medicine. ACSM’s guidelines
for exercise testing and prescription. Philadelphia (PA):
Lippincott Williams & Wilkins, 2006

3. Wolfe LA, Weissgerber TL. Clinical physiology of exercise
in pregnancy: a literature review. J Obstet Gynaecol Can
2003; 25: 473-83

4. Zhang J, Savitz DA. Exercise during pregnancy among US
women. Ann Epidemiol 1996; 6: 53-9

5. Pivarnik JM, Chambliss HO, Clapp JF, et al. Special
communications, roundtable consensus statement: impact
of physical activity during pregnancy and postpartum
on chronic disease risk. Med Sci Sports Exerc 2006; 38:
989-1006

6. Jones AM, Carter H. The effect of endurance training on
parameters of aerobic fitness. Sports Med 2000; 29: 373-86

7. Fujimoto T, Kemppainen J, Kalliokoski KK, et al. Skeletal
muscle glucose uptake response to exercise in trained and
untrained men. Med Sci Sports Exerc 2003; 35: 777-83

8. McArdle W, Katch F, Katch V. Essentials of exercise
physiology. Philadelphia (PA): Lippincott Williams &
Wilkins, 2000

9. Wibom R, Hultman E, Johansson M, et al. Adaptation of
mitochondrial ATP production in human skeletal muscle
to endurance training and detraining. J Appl Physiol
1992; 73: 2004-10

10. Blair SN. Physical inactivity: the biggest public health
problem of the 21st century. Br J Sports Med 2009; 43: 1-2

11. Mujika I, Padilla S. Cardiorespiratory and metabolic
characteristics of detraining in humans. Med Sci Sports
Exerc 2001; 33: 413-21

12. Hunter S, Robson SC. Adaptation of the maternal heart in
pregnancy. Br Heart J 1992; 68: 540-3

13. Clapp III JF. Maternal heart rate in pregnancy. Am J Ob-
stet Gynecol 1985; 152: 659-60

14. Ueland K, Novy MJ, Peterson EN, et al. Maternal
cardiovascular dynamics, IV: the influence of gestational
age on the maternal cardiovascular response to posture
and exercise. Am J Obstet Gynecol 1969; 104: 856-64

15. Wolfe LA, Mottola MF. Aerobic exercise in pregnancy: an
update. Can J Appl Physiol 1993; 18: 119-47

16. Pritchard JA. Changes in the blood volume during preg-
nancy and delivery. Anesthesiology 1965; 26: 393-9

17. Cunningham FG, Gant NF, Leveno KJ, et al. Williams
obstetrics. New York: McGraw-Hill, 2005

18. Yeomans ER, Gilstrap III LC. Physiologic changes in
pregnancy and their impact on critical care. Crit Care
Med 2005; 33: S256-8

19. Wadlington J, Natale M, Crowley M. Anesthesia for ob-
stetrics and gynecology. In: Hurford WE, et al., editors.
Clinical anesthesia procedures of the Massachusetts
General Hospital. Philadelphia (PA): Lippincott Williams
& Wilkins, 1998: 523-45

20. Capeless EL, Clapp JF. Cardiovascular changes in early
phase of pregnancy. Am J Obstet Gynecol 1989; 161:
1449-53

21. Fujitani S, Baldisseri MR. Hemodynamic assessment in a
pregnant and peripartum patient. Crit CareMed 2005; 33:
S354-61

22. Ezmerli NM. Exercise in pregnancy. Prim Care Update Ob
Gyns 2000; 7: 260-5

23. Hemmings GT, Whalley DG, O’Connor PJ, et al. Invasive
monitoring and anaesthetic management of a parturient
with mitral stenosis. Can J Anaesth 1987; 34: 182-5

24. Ueland K, Hansen JM.Maternal cardiovascular dynamics,
3: labor and delivery under local and caudal analgesia.
Am J Obstet Gynecol 1969; 103: 8-18

25. Katz M, Kroll D, Shapiro Y, et al. Energy expenditure in
normal labor. Isr J Med Sci 1990; 26: 254-7

26. Shnider SM, Abboud TK, Artal R, et al. Maternal ca-
techolamines decrease during labor after lumbar epidural
anesthesia. Am J Obstet Gynecol 1983; 147: 13-5

27. Hagerdal M, Morgan CW, Sumner AE, et al. Minute
ventilation and oxygen consumption during labor with
epidural analgesia. Anesthesiology 1983; 59: 425-7

28. Sangoul F, Fox GS, Houle GL. Effect of regional analgesia
on maternal oxygen consumption during the first stage of
labor. Am J Obstet Gynecol 1975; 121: 1080-3

29. Kreiser D, Katorza E, Seidman DS, et al. The effect of
ephedrine on intrapartum fetal heart rate after epidural
analgesia. Obstet Gynecol 2004; 104: 1277-81

30. Cascio M, Pygon B, Bernett C, et al. Labour analgesia with
intrathecal fentanyl decreases maternal stress. Can J An-
aesth 1997; 44: 605-9

31. Hammond RR, Webster AC. Haemodynamic effects of
induction of epidural analgesia in labour. Can J Anaesth
1988; 35: 41-6

504 Melzer et al.

ª 2010 Adis Data Information BV. All rights reserved. Sports Med 2010; 40 (6)



32. Manninen T, Aantaa R, Salonen M, et al. A comparison of
the hemodynamic effects of paracervical block and epi-
dural anesthesia for labor analgesia. Acta Anaesthesiol
Scand 2000; 44: 441-5

33. Danilenko-Dixon DR, Tefft L, Cohen RA, et al. Positional
effects on maternal cardiac output during labor with epi-
dural analgesia. Am J Obstet Gynecol 1996; 175: 867-72

34. Robson SC, Dunlop W, Boys RJ, et al. Cardiac output
during labour. Br Med J (Clin Res Ed) 1987; 295: 1169-72

35. O’Toole ML. Physiologic aspects of exercise in pregnancy.
Clin Obstet Gynecol 2003; 46: 379-89

36. Pivarnik JM, Ayres NA, Mauer MB, et al. Effects of
maternal aerobic fitness on cardiorespiratory responses to
exercise. Med Sci Sports Exerc 1993; 25: 993-8

37. Carpenter MW, Sady SP, Sady MA, et al. Effect of
maternal weight gain during pregnancy on exercise per-
formance. J Appl Physiol 1990; 68: 1173-6

38. Knuttgen HG, Emerson Jr K. Physiological response to
pregnancy at rest and during exercise. J Appl Physiol
1974; 36: 549-53

39. Artal R. Exercise and pregnancy. Clin Sports Med 1992;
11: 363-77

40. Pivarnik JM, Lee W, Miller JF. Physiological and percep-
tual responses to cycle and treadmill exercise during
pregnancy. Med Sci Sports Exerc 1991; 23: 470-5

41. Artal R, Wiswell R, Romem Y, et al. Pulmonary responses to
exercise in pregnancy. Am JObstetGynecol 1986; 154: 378-83

42. Pernoll ML, Metcalfe J, Schlenker TL, et al. Oxygen con-
sumption at rest and during exercise in pregnancy. Respir
Physiol 1975; 25: 285-93

43. Bonen A, Campagna P, Gilchrist L, et al. Substrate and
endocrine responses during exercise at selected stages of
pregnancy. J Appl Physiol 1992; 73: 134-42

44. Heenan AP, Wolfe LA, Davies GA. Maximal exercise
testing in late gestation: maternal responses. Obstet
Gynecol 2001; 97: 127-34

45. Sady SP, Carpenter MW, Sady MA, et al. Prediction of
VO2max during cycle exercise in pregnant women. J Appl
Physiol 1988; 65: 657-61

46. Sady SP, Carpenter MW, Thompson PD, et al. Cardio-
vascular response to cycle exercise during and after preg-
nancy. J Appl Physiol 1989; 66: 336-41

47. Spinnewijn WE, Wallenburg HC, Struijk PC, et al. Peak
ventilatory responses during cycling and swimming in
pregnant and nonpregnant women. J Appl Physiol 1996;
81: 738-42

48. Spaaij CJ, van Raaij JM, de Groot LC, et al. No changes
during pregnancy in the net cost of cycling exercise. Eur J
Clin Nutr 1994; 48: 513-21

49. Clapp III JF. Oxygen consumption during treadmill ex-
ercise before, during, and after pregnancy. Am J Obstet
Gynecol 1989; 161: 1458-64

50. Lotgering FK, van Doorn MB, Struijk PC, et al. Maximal
aerobic exercise in pregnant women: heart rate, O2 con-
sumption, CO2 production, and ventilation. J Appl Phy-
siol 1991; 70: 1016-23

51. Lotgering FK, Struijk PC, van Doorn MB, et al. Errors in
predicting maximal oxygen consumption in pregnant
women. J Appl Physiol 1992; 72: 562-7

52. McMurray RG, Hackney AC, Katz VL, et al. Pregnancy-
induced changes in the maximal physiological responses
during swimming. J Appl Physiol 1991; 71: 1454-9

53. Kardel KR. Effects of intense training during and after
pregnancy in top-level athletes. Scand J Med Sci Sports
2005; 15: 79-86

54. Clapp III JF, Capeless E. The VO2max of recreational ath-
letes before and after pregnancy. Med Sci Sports Exerc
1991; 23: 1128-33

55. Pivarnik JM, Stein AD, Rivera JM. Effect of pregnancy on
heart rate/oxygen consumption calibration curves. Med
Sci Sports Exerc 2002; 34: 750-5

56. McMurray RG, Mottola MF, Wolfe LA, et al. Recent
advances in understanding maternal and fetal responses
to exercise. Med Sci Sports Exerc 1993; 25: 1305-21

57. Artal R, O’TooleM. Guidelines of the American College of
Obstetricians and Gynecologists for exercise during
pregnancy and the postpartum period. Br J Sports Med
2003; 37: 6-12

58. Davies GA, Wolfe LA, Mottola MF, et al. Joint
SOGC/CSEP clinical practice guideline: exercise in preg-
nancy and the postpartum period. J Obstet Gynaecol Can
2003; 25: 516-29

59. Pate RR, Pratt M, Blair SN, et al. Physical activity and
public health: a recommendation from the centers for
disease control and prevention and the American College
of Sports Medicine. JAMA 1995; 273: 402-7

60. Arena B, Maffulli N. Exercise in pregnancy: how safe is it?
Sports Med Arthroscop Rev 2002; 10: 15-22

61. Wolfe LA, Davies GA. Canadian guidelines for exercise in
pregnancy. Clin Obstet Gynecol 2003; 46: 488-95

62. Huch R. Physical activity at altitude in pregnancy. Semin
Perinatol 1996; 20: 303-14

63. Soultanakis HN, Artal R, Wiswell RA. Prolonged exercise
in pregnancy: glucose homeostasis, ventilatory and cardio-
vascular responses. Semin Perinatol 1996; 20: 315-27

64. Lokey EA, Tran ZV, Wells CL, et al. Effects of physical
exercise on pregnancy outcomes: a meta-analytic review.
Med Sci Sports Exerc 1991; 23: 1234-9

65. McMurray RG, Hackney AC, GuionWK, et al. Metabolic
and hormonal responses to low-impact aerobic dance
during pregnancy. Med Sci Sports Exerc 1996; 28: 41-6

66. Milunsky A, Ulcickas M, Rothman KJ, et al. Maternal
heat exposure and neural tube defects. JAMA 1992; 268:
882-5

67. Jones RL, Botti JJ, Anderson WM, et al. Thermoregula-
tion during aerobic exercise in pregnancy. Obstet Gynecol
1985; 65: 340-5

68. McMurray RG, Katz VL. Thermoregulation in pregnancy:
implications for exercise. Sports Med 1990; 10: 146-58

69. Borg G. Borg’s perceived exertion and pain scales. Cham-
paign (IL): Human Kinetics, 1998

70. Butte NF, Wong WW, Treuth MS, et al. Energy require-
ments during pregnancy based on total energy ex-
penditure and energy deposition. Am J Clin Nutr 2004;
79: 1078-87

71. Clarke PE, Rousham EK, Gross H, et al. Activity patterns
and time allocation during pregnancy: a longitudinal
study of British women. Ann Hum Biol 2005; 32: 247-58

Physical Activity and Pregnancy 505

ª 2010 Adis Data Information BV. All rights reserved. Sports Med 2010; 40 (6)



72. Lawrence M, Whitehead RG. Physical activity and total
energy expenditure of child-bearing Gambian village
women. Eur J Clin Nutr 1988; 42: 145-60

73. Lof M, Forsum E. Activity pattern and energy expenditure
due to physical activity before and during pregnancy in
healthy Swedish women. Br J Nutr 2006; 95: 296-302

74. Rousham EK, Clarke PE, Gross H. Significant changes in
physical activity among pregnant women in the UK as
assessed by accelerometry and self-reported activity. Eur
J Clin Nutr 2006; 60: 393-400

75. Haakstad LA, Voldner N, Henriksen T, et al. Physical
activity level and weight gain in a cohort of pregnant Nor-
wegianwomen.ActaObstetGynecol Scand 2007; 86: 559-64

76. Forsum E, Kabir N, Sadurskis A, et al. Total energy ex-
penditure of healthy Swedish women during pregnancy
and lactation. Am J Clin Nutr 1992; 56: 334-42

77. Heini A, Schutz Y, Diaz E, et al. Free-living energy expen-
diture measured by two independent techniques in preg-
nant and nonpregnant Gambian women. Am J Physiol
1991; 261: E9-17

78. Lawrence M, Singh J, Lawrence F, et al. The energy cost of
common daily activities in African women: increased ex-
penditure in pregnancy? Am J Clin Nutr 1985; 42: 753-63

79. Singh J, Prentice AM, Diaz E, et al. Energy expenditure of
Gambian women during peak agricultural activity mea-
sured by the doubly-labelled water method. Br J Nutr
1989; 62: 315-29

80. Borodulin KM, Evenson KR, Wen F, et al. Physical ac-
tivity patterns during pregnancy. Med Sci Sports Exerc
2008; 40: 1901-8

81. Gawade P, Pekow P, Markenson G, et al. Physical activity
before and during pregnancy and duration of second stage
of labor among Hispanic women. J ReprodMed 2009; 54:
429-35

82. van Raaij JM, Schonk CM, Vermaat-Miedema SH, et al.
Body fat mass and basal metabolic rate in Dutch women
before, during, and after pregnancy: a reappraisal of en-
ergy cost of pregnancy. Am J Clin Nutr 1989; 49: 765-72

83. Poudevigne MS, O’Connor PJ. A review of physical ac-
tivity patterns in pregnant women and their relationship
to psychological health. Sports Med 2006; 36: 19-38

84. DiNallo JM, Le Masurier GC, Williams NI, et al. Walking
for health in pregnancy: assessment by indirect calorimetry
and accelerometry. Res Q Exerc Sport 2008; 79: 28-35

85. Nagy LE, King JC. Energy expenditure of pregnant women
at rest or walking self-paced. Am J Clin Nutr 1983; 38:
369-76

86. Chasan-Taber L, Schmidt MD, Pekow P, et al. Correlates
of physical activity in pregnancy among Latina women.
Matern Child Health J 2007; 11: 353-63

87. Pereira MA, Rifas-Shiman SL, Kleinman KP, et al. Pre-
dictors of change in physical activity during and after
pregnancy: Project Viva. Am J Prev Med 2007; 32: 312-9

88. Jarrett JC, Spellacy WN. Jogging during pregnancy: an
improved outcome? Obstet Gynecol 1983; 61: 705-9

89. Dufour DL, Reina JC, Spurr G. Energy intake and ex-
penditure of free-living, pregnant Colombian women in
an urban setting. Am J Clin Nutr 1999; 70: 269-76

90. Melzer K, Schutz Y, Boulvain M, et al. Pregnancy-
related changes in activity energy expenditure and resting

metabolic rate in Switzerland. Eur J Clin Nutr 2009; 63:
1185-91

91. Petersen AM, Leet TL, Brownson RC. Correlates of phy-
sical activity among pregnant women in the United States.
Med Sci Sports Exerc 2005; 37: 1748-53

92. Melzer K, Schutz Y, Soehnchen N, et al. Effects of re-
commended levels of physical activity on pregnancy out-
comes. Am J Obstet Gynecol 2010; 202 (3): 266.e1-6

93. Gavard JA, Artal R. Effect of exercise on pregnancy out-
come. Clin Obstet Gynecol 2008; 51: 467-80

94. Mottola MF. Exercise prescription for overweight and
obese women: pregnancy and postpartum. Obstet Gyne-
col Clin North Am 2009; 36: 301-16. viii

95. Poudevigne MS, O’Connor PJ. Physical activity and mood
during pregnancy.Med Sci Sports Exerc 2005; 37: 1374-80

96. Artal R. Exercise: the alternative therapeutic intervention
for gestational diabetes. Clin Obstet Gynecol 2003; 46:
479-87

97. Clapp III JF, Lopez B, Harcar-Sevcik R. Neonatal beha-
vioral profile of the offspring of women who continued to
exercise regularly throughout pregnancy. Am J Obstet
Gynecol 1999; 180: 91-4

98. Clapp III JF. Exercise and fetal health. J Dev Physiol 1991;
15: 9-14

99. Wolfe LA, Charlesworth SA, Glenn NM, et al. Effects of
pregnancy on maternal work tolerance. Can J Appl Phy-
siol 2005; 30: 212-32

100. Clapp III JF. The course of labor after endurance ex-
ercise during pregnancy. Am J Obstet Gynecol 1990; 163:
1799-805

101. Erdelyi GJ. Gynecological survey of female athletes.
J Sports Med Phys Fitness 1962; 2: 174-9

102. Beckmann CR, Beckmann CA. Effect of a structured
antepartum exercise program on pregnancy and labor
outcome in primiparas. J Reprod Med 1990; 35: 704-9

103. Hall DC, Kaufmann DA. Effects of aerobic and strength
conditioning on pregnancy outcomes. Am J Obstet
Gynecol 1987; 157: 1199-203

104. Wong SC, McKenzie DC. Cardiorespiratory fitness during
pregnancy and its effect on outcome. Int J Sports Med
1987; 8: 79-83

105. Kardel KR, Johansen B, Voldner N, et al. Association be-
tween aerobic fitness in late pregnancy and duration of
labor in nulliparous women. Acta Obstet Gynecol Scand
2009; 88: 948-52

106. Penttinen J, Erkkola R. Pregnancy in endurance athletes.
Scand J Med Sci Sports 1997; 7: 226-8

107. Collings CA, Curet LB, Mullin JP. Maternal and fetal re-
sponses to a maternal aerobic exercise program. Am J
Obstet Gynecol 1983; 145: 702-7

108. Rice PL, Fort IL. The relationship of maternal exercise on
labor, delivery and health of the newborn. J Sports Med
Phys Fitness 1991; 31: 95-9

109. Erkkola R. The physical work capacity of the expectant
mother and its effect on pregnancy, labor and the new-
born. Int J Gynaecol Obstet 1976; 14: 153-9

110. Hatch MC, Shu XO, McLean DE, et al. Maternal exercise
during pregnancy, physical fitness, and fetal growth. Am J
Epidemiol 1993; 137: 1105-14

506 Melzer et al.

ª 2010 Adis Data Information BV. All rights reserved. Sports Med 2010; 40 (6)



111. Magann EF, Evans SF, Weitz B, et al. Antepartum, in-
trapartum, and neonatal significance of exercise on heal-
thy low-risk pregnant working women. Obstet Gynecol
2002; 99: 466-72

112. Kardel KR, Kase T. Training in pregnant women: effects
on fetal development and birth. Am J Obstet Gynecol
1998; 178: 280-6

113. Clapp III JF, Kim H, Burciu B, et al. Beginning regular
exercise in early pregnancy: effect on fetoplacental
growth. Am J Obstet Gynecol 2000; 183: 1484-8

114. Clapp III JF, Kim H, Burciu B, et al. Continuing regular
exercise during pregnancy: effect of exercise volume on

fetoplacental growth. Am J Obstet Gynecol 2002; 186:
142-7

115. Clapp III JF, Capeless EL. Neonatal morphometrics
after endurance exercise during pregnancy. Am J Obstet
Gynecol 1990; 163: 1805-11

Correspondence: Professor Bengt Kayser, Director, Institute
of Movement Sciences and Sports Medicine, Faculté de
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