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KEY POINTS
 Regular exercise is recommended for healthy pregnant women.
 Even those who have not been physically active can start a new exercise program gradually during pregnancy.
 Regular exercise during pregnancy promotes overall wellness and helps maintain appropriate gestational weight gain and appropriate fetal weight gain. Exercise in pregnancy
may also reduce hypertensive disorders of pregnancy and gestational diabetes, and
may be associated with shorter first stage of labor and decreased risk for cesarean
section.
 Elite athletes can continue to be highly active, but some modifications may be needed
during pregnancy.

INTRODUCTION

Regular exercise confers significant benefits for health and wellness. National guidelines from the US Department of Health and Human Services (HHS) and the American
College of Obstetrics and Gynecology (ACOG) advise that all healthy pregnant women
should engage routinely in exercise, after consultation with a care provider.1,2 Exercise
is safe and beneficial for most pregnant women and their fetuses, within parameters as
described by expert consensus as summarized by the ACOG Committee Opinion and
other expert guidance.
EXPERT GUIDELINES AND RECOMMENDATIONS REGARDING EXERCISE DURING
PREGNANCY
American College of Sports Medicine Position Stand on Exercise

The American College of Sports Medicine’s Position Stand on Exercise points out that
regular exercise has numerous benefits for physical and mental health. “The scientific
evidence demonstrating the beneficial effects of exercise is indisputable, and the
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benefits of exercise far outweigh the risks in most adults.”3 The American College of
Sports Medicine advises continuing an existing exercise program or initiation of a regular exercise program during pregnancy.4
US Department of Health and Human Services Physical Activity Guidelines

The 2008 physical activity guidelines from HHS offer specific guidance for exercise in
pregnancy:
 “Healthy women who are not already highly active or doing vigorous-intensity
aerobic activity should get at least 150 minutes of moderate-intensity aerobic activity per week during pregnancy and the postpartum period. Preferably, this activity should be spread throughout the week.”
 “Pregnant women who habitually engage in vigorous-intensity aerobic activity or
are highly active can continue physical activity during pregnancy and the postpartum period, provided that they remain healthy and discuss with their health
care provider how and when activity should be adjusted over time.”
American College of Obstetrics and Gynecology Committee Opinion #650

The ACOG Committee Opinion #650 states that1:
 Physical activity in pregnancy has minimal risks and has been shown to benefit
most women, although some modification to exercise routines may be necessary because of normal anatomic and physiologic changes and fetal
requirements.
 Women with uncomplicated pregnancies should be encouraged to engage in
aerobic and strength-conditioning exercises before, during and after pregnancy.
BENEFITS OF EXERCISE DURING PREGNANCY

There are numerous health benefits associated with exercise during pregnancy. The
available literature is variable in what it explores and the strength of the findings.
This article reviews the current available evidence regarding exercise and the maintenance of healthy weight gain, decreasing gestational hypertension, reducing maternal
back pain during pregnancy, shortening the duration of labor, and reducing the risk for
cesarean section.
Improve or Maintain Fitness

A 2006 Cochrane Review (updated 2010) evaluated 14 controlled trials of exercise in
pregnancy. Pregnant women who exercised at least two to three times per week
seemed to improve or maintain their fitness level. There was not sufficient data to
draw more specific conclusions about maternal and infant benefits or risks.5
A more recent small, randomized trial of sedentary pregnant women evaluated a supervised aerobic training program involving 45- to 60-minute exercise activities at
moderate intensity, 4 days per week. Results showed increased aerobic fitness and
strength in the exercise group compared with control subjects, with no significant difference in pregnancy outcomes.6
Maintain Healthy Weight Gain

A 2006 Cochrane Review (updated 2015) evaluated randomized controlled trials of
diet and exercise interventions and their effects on gestational weight gain. Women
who received exercise interventions were more likely to have low gestational weight
gain than control subjects.7 A meta-analysis of randomized trials of structured
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exercise programs in pregnancy showed similar findings of reduced maternal weight
gain with structured exercise programs.8
Decrease Gestational Hypertension

A 2006 review of studies evaluating prescribed moderate-intensity aerobic exercise
compared with maintenance of normal activity during pregnancy found no significant
difference in the development of preeclampsia between the exercise group and the
nonexercising group.9 A Cochrane review of diet and exercise interventions during
pregnancy found no difference in the development of preeclampsia when comparing
women who exercised with those who did not. However, in that review, women who
participated in an exercise program during pregnancy were less likely to have hypertension during pregnancy.7
Another dose-response meta-analysis of observational studies evaluating physical
activity and risk of preeclampsia found that increasing levels of physical activity before
and during pregnancy were inversely associated with the development of preeclampsia. The more women exercised before and during their pregnancies, the less likely
they were to develop preeclampsia.10 There is mixed-quality evidence from which
to draw conclusions, but there is a possible association between exercising and a
decreased risk of hypertensive disorders of pregnancy.
Reduce Back Pain

A survey of 950 pregnant women (84% response rate) showed that low back pain is a
common complaint in pregnancy, with 68.5% of respondents reporting low back pain
during their pregnancies.11 A review of randomized controlled trials of interventions to
reduce back pain in pregnancy found that any land-based exercise was associated
with a significant reduction in back pain and improvement in functional disability.12
Shorten Labor

A recent randomized controlled trial conducted in Spain evaluated a prescribed physical conditioning program and its effects on outcomes. The investigators found a significant reduction in the first stage of labor among women who followed a prescribed
exercise program compared with the control group.13
Reduce Risk of Cesarean Section

Women who participated in structured physical exercise programs were less likely to
require cesarean delivery than women who did not participate in such programs.1,6,8,14
MATERNAL PHYSIOLOGY OF PREGNANCY

It is clear that exercise during pregnancy is associated with numerous salutary outcomes. However, before exercise is prescribed, it is important that providers understand physiologic changes associated with pregnancy, and those associated with
exercise in pregnancy.
Cardiovascular and Pulmonary Adaptations

There are many physiologic changes that occur during pregnancy. There are significant cardiovascular changes, including a significant increase in blood volume, heart
rate, and cardiac output, and a decrease in systemic vascular resistance. In healthy
pregnancies, blood pressure decreases, beginning in early pregnancy, with a nadir
in mid-pregnancy. Heart rate and blood pressure typically normalize quickly in the
postpartum period in the absence of superimposed complications.15 Pulmonary
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changes include increased oxygen consumption and minute ventilation, and
decreased functional residual capacity and oxygen reserve.16,17 Table 1 summarizes
the cardiovascular and pulmonary adaptations that occur during normal pregnancy.
Glucose Metabolism

Maternal physiologic changes in carbohydrate metabolism during pregnancy serve to
ensure a constant supply of glucose to the fetus to sustain growth. Glucose crosses
the placenta to the fetus by means of facilitated diffusion, a process by which the
glucose is diffused across cell membranes by carrier proteins. Consequently in the
fasting state maternal fasting glucose levels are decreased by 15% to 20% compared
with those in nonpregnant women.19 The lowered glucose levels are associated with
decreases in plasma insulin, producing an “accelerated and exaggerated response to
starvation.”19 Feeding produces hyperglycemia, an increase in serum insulin levels,
and hypertriglyceridemia. There is also a diminished response to insulin caused by human placental lactogen and other hormones.
Musculoskeletal Changes

There are multiple physiologic changes in pregnancy that impact the musculoskeletal
system. There is a variable increase in body mass, and the distribution of body mass
changes with the growth of the uterus and fetus.20 Relaxation of the peripheral joints is
a normal physiologic process in pregnancy and has been confirmed in multiple
studies, leading to increased joint laxity.21 There is usually progressive lordosis and
a change in the center of gravity.22
A three-dimensional gait analysis of 15 pregnant women in the third trimester of
pregnancy showed alteration in several kinetic parameters, including increased use
of hip abductor, hip extensor, and ankle plantar flexor muscle groups. These alterations are likely adaptive to compensate for the physiologic changes in the center
of gravity and the increased lordosis of pregnancy.20
Weight Gain in Pregnancy

The Institute of Medicine (IOM) has published and revised guidelines for recommended weight gain in pregnancy, which varies based on the prepregnancy body mass
index. The IOM recommendations are summarized in Table 2. The goal of the guidelines is to define appropriate weight gain to promote normal infant birth weight, and to
reduce postpartum weight retention.23
A systematic literature review of birth outcomes associated with gestational weight
gain confirmed that there was an association between appropriate gestational weight

Table 1
Cardiovascular and pulmonary adaptations in pregnancy
Cardiovascular
Blood volume

Increased, can be
40%–45%

Pulmonary
Oxygen
consumption

Increased, 10%–20%
at rest

Heart rate

Increased 10 bpm

Minute ventilation

Increased 40%–50%

Cardiac output

Increased

Functional residual
capacity

Decreased

Systemic vascular
resistance

Decreased systemic
vascular resistance

Oxygen reserve

Decreased

Data from Refs.15–18
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Table 2
Institute of Medicine’s recommended weight gain based on body mass index
Prepregnancy Weight

Body Mass Index

Recommended Weight Gain (lb)

Underweight

<18.5

28–40

Normal weight

18.5–24.9

25–35

Overweight

25–29.9

15–25

Obese

30

11–20

Data from Institute of Medicine, I.O.M.P.W.G. National Research Council Committee to Reexamine.
2009; and American College of Obstetricians and Gynecologists. ACOG committee opinion No. 548:
weight gain during pregnancy. Obstet Gynecol 2013;121(1):210–2.

gain as defined by the IOM and the outcomes of having a normal-range birthweight
baby with normal fetal growth. In addition, the same review found that gestational
weight gain within the IOM guidelines was associated with less postpartum weight
retention. This review further identified that there was strong evidence that excess
gestational weight gain was associated with increased infant birthweight, whereas
insufficient weight gain was associated with lower infant birth weight.24
PHYSIOLOGIC CHANGES ASSOCIATED WITH EXERCISE DURING PREGNANCY
Maternal Cardiovascular Physiology Changes with Exercise

Research suggests that exercise performed during pregnancy can improve cardiovascular function in pregnant women without compromising fetal well-being.5,25–27 Heart
rate variability is a measure of cardiac autonomic nervous system function, which is a
measure of cardiovascular health. A recent study of healthy pregnant women
assessed heart rate variability with exercise in pregnancy. The results showed that
consistent maternal exercise throughout pregnancy was associated with lower
maternal heart rate and increased heart rate variability, suggesting overall improved
cardiac autonomic control.28
Maternal Glucose Metabolism During Exercise

A study of glucose metabolism in pregnancy evaluated glucose homeostasis in the
third trimester in response to exercise, compared with glucose homeostasis in a
nonpregnant control group. Results showed that pregnant women had more rapid
and extreme drops in blood glucose with exercise compared with nonpregnant control
subjects. In addition, pregnant women had more significantly decreased insulin levels
after exercise.29
Fetal Physiology During Exercise

Just as maternal physiology is affected by exercise, so is fetal physiology. The fetal
heart rate has been shown to increase as a result of maternal exercise, both during
and soon after the exercise occurs.1,18,30 A research study evaluated exercise
treadmill tests in pregnant women of varying fitness levels, with exercise intensities
that were appropriate to the prepregnancy activity levels of the participants, based
on HHS guidelines. Assessments of fetal well-being were made before and after
the treadmill exercise sessions. The results indicated that maternal treadmill exercise was well-tolerated by the fetuses in this study.31 These results confirm that
light-to-moderate-intensity exercise during pregnancy is well-tolerated by the
fetus.
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EXERCISE PRESCRIPTION

Pregnant women are often more receptive than their nonpregnant counterparts to lifestyle modification and health counseling. Exercise is encouraged for pregnant women;
however, physicians must evaluate each individual pregnant woman before prescribing her optimal exercise regimen.
The HHS guidelines recommend that pregnant women should work with their care
providers to tailor their exercise programs appropriately based on their prepregnancy fitness levels and any complications in the pregnancies. Women who are
starting a new exercise program should increase their physical activity gradually
over time.2
The ACOG Committee Opinion recommends that the pregnant patient should have
a medical evaluation to ensure that it is safe for her to pursue an exercise program during her pregnancy. ACOG provides specific guidance regarding activities to
encourage, and those to avoid, during pregnancy. In a prior guideline, ACOG had recommended limiting the maximum heart rate to 140 beats per minute during exercise in
pregnancy. However, that limitation is no longer included in the updated guideline,
published in 2015. Rather, ACOG now recommends the use of perceived exertion
as a self-guide to limiting exertion during exercise.1,32,33
It must be remembered that prescriptions for exercise during pregnancy may
impact two individuals and thus maternal and fetal well-being must be considered.
Recommended Exercise Types: American College of Obstetrics and Gynecology
Committee Opinion

ACOG has provided specific guidance on exercise activities that are considered safe
in pregnancy. These activities are recommended for healthy women who are cleared
for exercise in pregnancy. Walking, swimming, stationery cycling, and low-impact aerobics are all preferred forms of exercise in pregnancy. Yoga and pilates are considered safe, if care is taken to avoid positions that could cause hypotension. Running,
jogging, and strength-training are considered safe but should be discussed first
with an obstetric care provider. Racquet sports may be acceptable, although activities
with an increased risk of abrupt loss of balance and falls should be avoided.1
Exercises to Avoid in Pregnancy: American College of Obstetrics and Gynecology
Committee Opinion

Contact sports should be avoided because of the risk of trauma. In addition, activities
with a significant risk of falls or trauma should be avoided, including skiing, water
skiing, surfing, off-road cycling, horseback riding, and gymnastics. Scuba diving,
sky diving and hot yoga are not recommended in pregnancy.1 Box 1 summarizes
the relative contraindications to aerobic exercise in pregnancy, as recommended by
ACOG, and Box 2 summarizes the absolute contraindications. Individual recommendations should be made with the advice of an obstetric care provider.
LIMITATIONS AND CONTRAINDICATIONS TO EXERCISE DURING PREGNANCY

Pregnant women should be careful to maintain adequate nutrition and hydration with
exercise.1,29 Although it is unlikely that body core temperatures would exceed 39 C,
the Royal College of Obstetricians and Gynaecologists recommends limiting exposure
during exercise to temperatures exceeding 90 F and keeping hydrotherapy pool temperatures less than or equal to 95 F.34 Because of anatomic and physiologic changes
associated with pregnancy, there is increased risk of hypotension with exercise. In
particular, activities that require flat supine positioning can increase this risk, and
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Box 1
Relative contraindications to aerobic exercise during pregnancy
 Anemia
 Unevaluated maternal cardiac arrhythmia
 Chronic bronchitis
 Poorly controlled type 1 diabetes
 Extreme morbid obesity
 Extreme underweight (body mass index <12)
 History of extremely sedentary lifestyle
 Intrauterine growth restriction in current pregnancy
 Poorly controlled hypertension
 Orthopedic limitations
 Poorly controlled seizure disorder
 Poorly controlled hyperthyroidism
 Heavy smoker
Reprinted with permission from Physical activity and exercise during pregnancy and the postpartum period. Committee Opinion No.650. American College of Obstetricians and Gynecologists. Obstet Gynecol 2015:126:e135–42.

therefore should be avoided. Increased musculoskeletal discomforts or injuries could
be a complication of exercise in pregnancy because of increased laxity and altered
center of gravity, and care should be taken to avoid activities that increase the risk
of musculoskeletal injuries.6,20,35 ACOG provides specific warning signs for discontinuation of exercise during pregnancy, as summarized in Box 3.
FETAL OUTCOMES WITH MATERNAL EXERCISE DURING PREGNANCY

Pregnant women can be reassured that maternal exercise in pregnancy is generally
well-tolerated by the fetus.1,31
Box 2
Absolute contraindications to aerobic exercise during pregnancy
 Hemodynamically significant heart disease
 Restrictive lung disease
 Incompetent cervix or cerclage
 Multiple gestation at risk of premature labor
 Persistent second- or third-trimester bleeding
 Placenta previa after 26 weeks of gestation
 Premature labor during the current pregnancy
 Ruptured membranes
 Preeclampsia or pregnancy-induced hypertension
 Severe anemia
Reprinted with permission from Physical activity and exercise during pregnancy and the postpartum period. Committee Opinion No.650. American College of Obstetricians and Gynecologists. Obstet Gynecol 2015:126:e135–42.
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Box 3
Warning signs to discontinue exercise while pregnant
 Vaginal bleeding
 Regular painful contractions
 Amniotic fluid leakage
 Dyspnea before exertion
 Dizziness
 Headache
 Chest pain
 Muscle weakness affecting balance
 Calf pain or swelling
Reprinted with permission from Physical activity and exercise during pregnancy and the postpartum period. Committee Opinion No.650. American College of Obstetricians and Gynecologists. Obstet Gynecol 2015:126:e135–42.

Effects of Maternal Exercise on Fetal Growth and Birthweight

Some studies have suggested that exercise during pregnancy does not significantly
alter birthweight. A meta-analysis found that mean birthweight for infants born to
mothers who exercised was similar to those born to control, nonexercising mothers.
However, the researchers found that women who continued vigorous exercise in
the third trimester delivered infants who weighed 200 to 400 g less than the infants
of their nonexercising counterparts.36
A more recent meta-analysis reviewed randomized controlled trials in pregnant
women comparing a supervised exercise intervention with a group receiving usual prenatal care. In this group of 36 trials, pregnant women who exercised were less likely to
have a large-for-gestational-age newborn, with no change in the likelihood of having a
small-for-gestational-age newborn. In this study, mean weight gain in pregnancy was
less among those who participated in the exercise protocol than among those who
did not.37 Thus, the best evidence available suggests that prescribed moderateintensity exercise during pregnancy does not adversely affect infant weight at birth.
Maternal Exercise and Preterm Birth

A recent meta-analysis of randomized clinical trials of exercise programs during pregnancy evaluated studies of aerobic exercise for 35 to 90 minutes, performed three to
four times weekly, found that there was no significant difference in the rate of preterm
birth for women who exercised compared with those who did not. The mean gestational
age at delivery was similar among those prescribed an exercise program and those who
were not. There were no significant differences in low birthweight babies or in mean infant weight at delivery.38 This analysis confirms that among sedentary women with a
normal, singleton pregnancy, moderate-intensity exercise does not seem to increase
the risk of preterm birth or earlier delivery. This review also confirmed previous findings
that moderate-intensity exercise does not adversely affect infant birthweight.
A recent Norwegian study evaluated 188 children whose mothers had participated in
a structured exercise program during their pregnancies compared with a control group
whose mothers had not participated in an exercise program during their pregnancies.
Assessments of cognitive, language, and motor skills were undertaken at 18 months
of age. Results indicated that there were no adverse neurodevelopmental effects on
the children whose mothers had participated in exercise during pregnancy.39
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OTHER CONSIDERATIONS
High Performance Exercise During Pregnancy

Serena Williams, a professional tennis athlete, recently won the Australian Open professional tennis tournament during her first trimester of pregnancy, garnering a great
deal of public interest. The HHS and ACOG guidelines for exercise in pregnancy state
that it is safe and reasonable for pregnant women who are already participating in
vigorous-intensity aerobic activity to continue to be highly active during pregnancy,
in conjunction with advice from their care providers.1,2
Pregnant elite athletes need provider supervision to ensure safe progression of exercise during pregnancy. Physiologic changes associated with pregnancy may necessitate alteration in training routines. High-performing athletes may need additional
nutritional support to ensure adequate pregnancy weight gain.40
Providing advice to elite athletes during pregnancy is challenging for providers
because there is no uniform agreement on what defines an “elite athlete.” Moreover,
it is difficult in practical terms to define and measure degree of exertion during exercise, and there are few studies (typically only with small numbers of patients) on which
to draw conclusions when advising patients. A reasonable definition is an athlete who
trains year round at a high level. Training is likely to be at least 5 days per week, averaging close to 2 hours per day and meet or exceed 6 metabolic equivalents level used
to describe vigorous physical activity.41
In a study of high-performing pregnant athletes, six Olympic-level pregnant
women were studied at 23 to 29 weeks of gestation on a treadmill exercise activity
at approximately 60% to 90% of maximal oxygen consumption. Fetal heart rate
was within the normal range as long as the mother exercised less than 90% of
maximal maternal heart rate. In some instances when maternal heart rate
exceeded 90% of maximal, there was a simultaneous reduction in uterine volume
blood flow to less than 50% of the initial value and fetal heart rate decelerations.
Overall, however, all fetuses did well. It was concluded that exercise at less than
90% of maximal maternal heart rate may be regarded as a safety zone for elite
athletes.42
In a subsequent similar study, it was likewise found that the fetuses of a subset of
highly active pregnant women (whose conditioning was less than that of an elite
athlete) had transient heart rate decelerations following strenuous exercise. These
changes were often accompanied by increased resistance in the umbilical and uterine
artery Doppler parameters and did not occur when the maternal heart rate was less
than or equal to 84% of maximal.31,32 Although the clinical significance of the transient
fetal decelerations and increased vascular impedance is unknown, a conservative
course might target strenuous exercise in pregnancy to achieve maternal heart rates
less than or equal to 84% of maximum.
Specific counseling to elite athletes regarding exercise during pregnancy should
include advice regarding limitations to maximum exertion, precautions to minimize
risk of injury, and vigilance for potential indicators of overexertion. Table 3 provides
examples of specific guidelines for elite athletes regarding exercise during pregnancy.
Postpartum Exercise

Regular exercise during pregnancy can help to achieve recommended gestational
weight gain. Adherence to recommended guidelines for weight gain in pregnancy
can help to reduce postpartum weight retention.24 Investigators have observed that
women tend to have decreased exercise participation after giving birth, and sedentary
lifestyles for these women can contribute to the development of obesity and
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Table 3
Risks of exercise in pregnancy for the elite athlete
Risks

Guidelines

Maternal
Musculoskeletal injuries

With evidence of joint and ligament laxity,
individualize and modify training

Cardiovascular complications

Be vigilant of warning signs, including palpitations and
tachycardia at rest or any signs of orthostatic
hypotension

Threatened abortion or
premature labor

Stop training

Hypoglycemia

Prevent hypoglycemia by following proper nutritional
guidelines

Fetal
Fetal distress

Be alert to fetal movements or activity; in the presence
of any complication, stop training and resume only
after medical clearance

Intrauterine growth restriction

Stop training

Fetal malformations

Avoid hyperthermia and dehydration immediately after
conception and for weeks thereafter

Fetal injuries

Avoid sports with a high probability of blunt trauma
after 16–20 wk of gestation

Reprinted with permission from Artal R, Hopkins S. Exercise. Clin Update Womens Health Care
2013;XII(2):1–105.

associated metabolic disorders.43,44 Regular exercise should be encouraged in the
postpartum period, as soon as it is deemed medically safe to participate in such
exercise.1
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