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ABSTRACT: Only 50years ago obstetric care providers and women had many concerns regarding whether exercise during pregnancy created
a harmful competition for substrate resources between the fetus and the mother. Animal and human research in the past 50years, which
includes acute and chronic aerobic exercise during pregnancy, has a reassuring margin of safety throughout gestation in women. Maternal
physiology adapts to pregnancy changes involving the cardiorespiratory and glucometabolic alterations. Due to these changes, pregnant
women have slight differences in response to acute exercise sessions. Chronic exposure to aerobic exercise before and during pregnancy

is associated with numerous maternal and neonatal adaptations which may have short- and long-term benefits to maternal and child health.
On the basis of the consistent evidence of safety of exercise during pregnancy, multiple nations and health care organizations, including the
American College of Obstetrics and Gynecology, recommend moderate exercise for 20 to 30 minutes most days of the week. Despite the 15 to
20years since the first recommendations were made, only 10% to 15% of pregnant women meet this recommendation. It seems there may be
2 foci for failure to achieve these exercise recommendations: patient specific and culturally driven and/or obstetric provider not recommending
regular exercise due to lack of knowledge or motivation. This article addresses the provider knowledge by a review of the normal (at rest)
physiologic adaptation to pregnancy. Then, we provide a detailed description of the type and intensity of controlled experiments that document

the safety of exercise during pregnancy. The short- and long-term benefits are reviewed, including the safety in moderate-risk women.
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Introduction

The ability of pregnant women to tolerate physical exertion
with minimal impact on maternal and fetal health has been
the focus of a plethora of studies for at least a half century.
The reason for the studies was a perceived risk to the vulner-
able fetus by exhaustive exercise through competition for oxy-
gen and substrates. Basic maternal physiologic adaptations
required to have a healthy fetus and newborn have remained
the same; the growing fetus always needs oxygen, sufficient
substrates for rapid development and growth, euthermic envi-
ronment, and efficient removal of by-products, ie, CO, and
urea. During pregnancy, physical exertion creates a natural
challenge to the maternal capacity to meet the fetal needs by
increased oxygen, greater substrate utilization, heat genera-
tion, and excess by-product production. Despite the perceived
challenges of exercise on fetal substrate delivery, studies have
shown exercise to be safe for the developing fetus.

Over the past 15 to 20 years, numerous world health institu-
tions, including the American College of Obstetricians and
Gynecologists,! recommend moderate-intensity exercise for 20
to 30 minutes most days of the week (see section “International
Recommendations for Exercise in Pregnancy”) for healthy
women. In addition, there is a growing body of literature that
indicates moderate intensity, duration, and frequency of

physical exertion strongly support optimal fetal growth and
development in the current generation and future generations,
ie, an epigenetic impact.

Unfortunately, the recommendation for regular moderate
exercise has been poorly applied among pregnant women.
Between 1996 and 2006, only 7.8% to 11% of Scandinavian
pregnant women met the international goals for exercise.>?
Between 1994 and 2000, only 10% of pregnant women in the
United States met the recommendation for regular, moder-
ate-intensity exercise for at least 5days a week.* It seems the
reasons for the failure to meet minimum exercise recommen-
dations during pregnancy are 2-fold; one reason is patient
specific and culturally driven. The second is the lack of obstet-
ric provider knowledge, which prevents them from being able
to educate pregnant patients. This article will address the sec-
ond issue by reviewing the sentinel studies of maternal physi-
ologic adaptations to moderate and strenuous exercise during
pregnancy. This review is not exhaustive, but it will provide a
more realistic obstetric provider understanding of the safety
of acute exercise on normal pregnant women.

Subsequently, we will address the health of the modern
pregnant women who are often overweight and who consume
a “high-fructose” diet and reflect the health uncertainties in the
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international recommendations for exercise in pregnancy.
Finally, we will briefly review how moderate-intensity exercise
can modify the development of excessive gestational weight
gain, gestational diabetes, and preeclampsia and reduce cesar-
ean sections. The discussion will end with an incomplete review
of the epigenetic effects of diet and exercise during pregnancy
on adult health and future generations.

Framework of Studies in Exercise Physiology in
Pregnancy

A review of human pregnancy physiology must be placed in a
cultural and historical framework. The pregnant woman and
her fetus are considered a vulnerable dyad where great caution
and judgment are needed in the approval and application of
experimental protocols. Today, inclusion of pregnant women in
research requires prior animal studies demonstrating minimal
risk, and human studies must have no more than everyday life
(minimal risk) and informed consent.> As a result, human
studies are limited to relatively few numbers of highly selected
volunteers with mostly noninvasive techniques for
measurements.

Initial animal studies, mainly ovine or rodent, in exercise
physiology allowed for more invasive and precise measure-
ments of exercise tolerance for future study of human volun-
teers. If moderate exercise throughout pregnancy in the ovine
model showed more than minimal maternal or fetal risk, then
human research on the acute risk of moderate exercise on
humans would have been unethical. Fortunately, animal studies
showed little adverse effects. However, there is greater concern
for applicability to human physiology and specifically the feto-
placental structure and function. One example might be the
animal’s stress, steroid, and catecholamine response to experi-
mentation. This perceived stress has led to an appropriate con-
cern for animal welfare and applicability to human exercise. In
addition, the prohibitive cost of animal experimentation has
limited focused study of pregnant animals.

In the past 50years, the tremendous growth of interest and
research monies in exercise physiology has been fostered by the
aerospace and professional sports industries. The interest in
sports physiology and women in space has led to improved
analysis and safer, more compact technology in indirect physi-
ologic measurement. These advances have greatly benefited the
study of maternal adaptation to exercise in pregnancy. These
sources of interest and funding may have led to selection biases
in human pregnancy exercise studies—normal-weight (ie, body
mass index [BMI]), healthy, and active or athletic volunteers.

Maternal and Fetal Physiology

Maternal physiologic adaptation to pregnancy (at rest) varies
by gestational age, reflects the growth rate of the fetus, and
changes with the gestational weight gain. The growth rate rela-
tive to somatic (body) weight is higher in fetal development
than any other time in human life. The fetal weight change
during gestation is 5 g/d at 15weeks, 10g/d at 20 weeks, 25 g/d

at 30weeks, 35g/d at 35weeks, and 15g/d at 40weeks. The
greatest velocity of linear growth occurs at 22 to 25weeks,
whereas the greatest velocity of overall weight (somatic growth)
occurs at 32 to 35weeks. These weight and growth patterns
indicate that the greatest need for maternal adaption to exer-
cise is after 20 weeks of gestation. The oxygen and/or substrate
challenges by exercise in the late third trimester might manifest
a decrease in the weight-to-length ratio, measured by head cir-
cumference/abdominal circumference at greater than the 95th
percentile for gestational age, and asymmetric fetal growth
restriction. At birth, a neonatal ponderal index = (weight [g])/
(length [cm?]) x100 measures similar fetal challenges to oxy-
gen and substrate delivery. A ponderal index less than 2.0 is
considered asymmetric small for gestational age (SGA) and
usually reflects the failure to store adequate substrates in the
liver and fat. Stress, which might include sustained anaerobic
exercise, after 28 weeks results in an abnormally high head cir-
cumference/abdominal circumference and a ponderal index
less than 2.0 at birth. Stress early in pregnancy, such as genetic
or environmental (ie, aneuploidy, smoking, alcohol exposure),
may manifest as a neonate born at less than 10% of the birth
weight, but with a normal ponderal index =2.0.

The changes in maternal weight reflect the rate of fetal
somatic growth, a curvilinear pattern. In pregnant women
with a normal prepregnancy BMI of 20 to 26, about one-
third of weight (4.5 kg) is gained in the first 20 weeks of ges-
tation and two-thirds (9 kg) of weight is gained in the last
20weeks. Many of the maternal adaptations follow this pat-
tern of change. Table 1 describes selected, resting maternal
adaptations at about 32 to 36 weeks compared with prepreg-
nancy levels. The selection of maternal adaptations reflects
those pertinent to maternal response to exercise challenge. In
broad terms, these include oxygen delivery, glucose and sub-
strate delivery, heat dispersal, and metabolic by-product
disposal.

The dynamics of uterine blood flow determines the amount
of oxygen (assuming normal O,-carrying capacity) and sub-
strates delivered to the uteroplacental unit.6-$1012-14 The uter-
ine blood flow increases 10-fold from nonpregnancy to peak
resting cardiac output in pregnancy—a shift from 2% to 17%
(500-800mL/min at term) of the total cardiac output.
Approximately 80% of uterine blood flow is directed to the
maternal placental interface to supply the intervillous spaces.
The major factors determining oxygen delivery to the fetopla-
cental unit include cardiac output, maternal hemoglobin (O,-
carrying capacity), maternal PO,/PCO,, and maternal arterial/
venous pH differences. When moderate maternal stress from
exercise causes blood flow redistribution away from the gut, the
blood flow to the myometrium is reduced, but maternal placen-
tal perfusion is maintained until maternal cardiac output is
decreased with exhaustion. Maternal hemoconcentration dur-
ing moderate exercise results in a small loss of maternal plasma
(250-450cm?) and a 5% to 15% drop in total protein, albumin,

and colloid osmotic pressure within 5 minutes of the onset of
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Table 1. Maternal adaptation in late pregnancy at rest relative to prepregnancy.

PARAMETER

Plasma volume®-9

Red cell volume®t-2

Colloid osmotic pressure®

Cardiac output (CO)6é-8.10

Renal blood flow (RBF)&7”
and glomerular filtration
rate (GFR)%-8

Tidal volume®-811
Total lung capacity®-811

Minute ventilation6-8.11

Oxygen consumption?.811.12

Glucose metabolism®-8

CHANGE

50% increase

40% increase

25.5mmHg when nonpregnant, decreases
to 22-23mmHg in third trimester

40% increase in late second trimester and

then remains stable. Peak CO=6.1-6.3L/
min

40%-50% increase in RBF/GFR from
6weeks to mid-third trimester

35%—-50% increase
5% increase

50% increase

10%—20% increase

Decreased fasting blood sugar (10mg%),
increased peak glucose (10%), prolonged
excursion of blood sugar (peak at 2hours)

after standard glucose load
Insulin sensitivity increased 50%

Lipid metabolism®-8 Free fatty acid concentration increased

2—-4times, baseline ketonemia

cycle exercise at 75W."> However, the maternal hemoglobin
concentration increases by 0.4 to 0.7g/dL or a 0.7-mL O,-
carrying capacity of maternal blood, thus leading to more O,
delivered to the fetoplacental unit.

Fetal physiology is also critical in the evaluation of the
influence of maternal exercise on pregnancy outcome.3121316
First and foremost, the fetus survives and grows in a hypoxic
environment relative to his or her mother—Po, of 20 to
32mm Hg with an O, saturation of 55% to 82% (arterial ver-
sus venous). Based on an ovine model, the human fetus has an
oxygen consumption rate of 300 pmol/min/kg (twice the adult
values), which must be met by adequate umbilical blood flow.
Appropriate fetal tissue oxygenation is met by high fetal car-
diac output of 460 mL/min/kg (more than twice the adult lev-
els) and an umbilical flow rate of 110 mL/min/kg. The major
portion of the increased cardiac output results from an
increased fetal heart rate of 140 beats per minute (bpm), rather
than increased stroke volume. Fetal blood has a higher

COMMENTS

Before red blood cell volume changes; therefore, a 5%—15%
decrease in hematocrit in mid-third trimester

Dependent on iron and folate resources

Contributes to lower extremity edema and weight gain in third
trimester

A 5%—-10% increase in heart rate and 10%—20% increase in
stroke volume

Blood pressures (BPs) are stable until second trimester and then
decrease 5%—10% until the third trimester; BP increases back to
first trimester levels by 34 weeks. Then, her BP is stable until
birth unless hypertension or preeclampsia occurs

CO is dependent on maternal position in third trimester. Supine
position causes uterine compression of great vessels and CO
decreases 25%—30%. 10% of these women will have
symptomatic hypotension

Urine output is minimally increased

Trace to 1+ glycosuria is common

Serum uric acid, creatinine, and blood urea nitrogen are
decreased by 20%—-40%

Helps explain increase in minute ventilation
Diaphragm elevation by expanding pregnant abdomen

Decreased arterial Pco, to 30mmHg

An increase in arterial pH to 7.44

Arterial pH maintained by increased renal bicarbonate excretion
(normal serum bicarbonate: 20mEq/L)

Influenced by gestational weight gain and fetoplacental oxygen
utilization

Fetal glucose utilization is 2—10mg/kg/min, rapid fall in maternal
glucose in unfed state and during exercise

Insulin sensitivity decreased from elevated cortisol, human
placental lactogen, and proinflammatory cytokines

Elevated insulin, cortisol, human placental lactogen, and
proinflammatory cytokines, “accelerated starvation,” earlier
ketonemia, ketonuria

oxygen-carrying capacity than adult blood, about 6.3 mM.
The higher oxygen capacity of 6.7 to 8.1 mM results from a
greater affinity of fetal hemoglobin to oxygen and higher con-
centrations of red cells in fetal blood (14.5-15.5 g/L). Certain
conditions, such as carboxyhemoglobinemia (ie, smoking) or
hemoglobinopathies (ie, sickle cell disease), alter the release of
oxygen to the fetus within the intervillous space. Maternal
anemia reduces oxygen-carrying capacity, subsequently reduc-
ing oxygen delivery to the fetoplacental unit.

During the physiologic stress of exercise, in the ovine model,
the placental-fetal blood flow appears to be redistributed pref-
erentially to the fetus rather than the placental mass.!3® Due
to the invasive nature of these techniques in animal models, the
local control of fetoplacental blood flow and distribution has
not been demonstrated in pregnant women. However, in preg-
nant women, 30 to 31 weeks of gestation, undergoing treadmill
exercise to volitional fatigue, the predicted peak Vo, is 21 mL/
kg/min in nonexercisers, 24mL/kg/min in regular exercisers,
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and 28 mL/kg/min in highly active women.!* Indirect meas-
urement of placental blood flow using umbilical Doppler inter-
rogation demonstrates a slight decrease in placental blood
resistance (umbilical artery systolic to diastolic ratio—S/D
ratio) and an increased fetal heart rate (+10bpm) in nonexer-
cisers and regular exercisers.!* Interestingly, highly active exer-
cisers had fetal bradycardias and no changes in placental
resistance. The active exercisers spent almost twice as long on
the treadmill (22 minutes) relative to nonexercisers (12 min-
utes). The maximum maternal heart rates (163-172bpm) were
87% to 92% of predicted maximum heart rate across the 3 exer-
cise intensities.*

The influences of placental performance in exercise are
important but are poorly understood. The framework of under-
standing the placenta and fetal growth (in ovine model) is ele-
gantly reviewed by Clapp.’® The trophoblast serves as a sensor
of oxygen and substrate delivery, which causes a release of vaso-
active substances, such as vascular endothelial growth factors,
decidual renin, and cytokine growth hormones (ie, insulinlike
growth factors). In addition, compounds (ie, tumor necrosis
factor-a [TNF-a], human placental lactogen, and cortisol) are
released into the maternal system, which further modulate sub-
strate delivery and ultimately fetoplacental growth. Chronic
physiologic effects of moderate to vigorous exercise during
pregnancy are increased maternal plasma volume, blood volume,
cardiac output, vascular compliance, and placental volume.1¢

Sentinel Human Studies in Exercise During
Pregnancy

One of the sentinel studies by Clapp et al” illustrates human
placental adaptation to moderate exercise as measured by feto-
placental growth. Nonexercising women with confirmed nor-
mal gestation underwent a physical fitness assessment (e,
treadmill evaluation of maximum aerobic capacity). Women
were randomly assigned to a control (nonexercise) group or
weight-bearing exercise program during pregnancy. The inter-
vention was a weight-bearing exercise for 20 minutes 3 to
5 times a week at 55% to 65% intensity of their preconception
aerobic capacity from 8 to 9weeks until delivery. All measure-
ments of interval exercise, diet, morphometric change, and oxy-
gen consumption were performed every 2weeks. Placental
volume was measured by standard ultrasound techniques at 16,
20, and 24 weeks of gestation. After delivery, the newborn was
measured extensively, including fat mass. The placenta under-
went a standardized gross and histologic examination. In all, 46
(24 control/22 exercise) women completed the protocol. The
women were matched in age (31years), education (16+years),
prepregnancy weight (62kg), gestational weight gain (16kg),
average daily caloric intake (44 kcal/kg lean body mass), and
gestational age at delivery (278days). The findings included
the following:

1. Exercise increased fetoplacental growth rate and ulti-
mately size at birth.

2. Increased placental growth was documented as early as
20weeks and persisted through the pregnancy.

3. The exercise group had placentas with significantly
greater functional volume, nonfunctional volume, villous
volume, and terminal villi.

4. The increased fetal growth was symmetric with the
intervention group having larger newborns with greater
lean body mass than the control group.

Another research focus is the changes in maternal physiol-
ogy with acute exercise sessions. Most of the early studies of
the effects of acute exercise in pregnancy were conducted in
ovine and rat models.''® These studies provided the frame-
work for understanding the effects of acute and chronic exer-
cise in the human model. Many of the findings have translated
to the human model well when the exercise has been moderate
to strenuous, 50% to 75% maximum Vo,. Exercise at 95% to
100% of maximum Vo, to the point of exhaustion creates an
elevated maternal sympathetic response, reduces maternal pla-
cental blood flow, elevates maternal lactic acid, reduces glucose
delivery,and lowers maternal pH. Uterine contractility increases
and fetal oxygenation is reduced. Repetitive episodes of maxi-
mal exercise in the ewe significantly reduced fetal growth.

For ethical reasons, exercising pregnant humans have not
been studied with the same levels of invasive monitoring. For
more than 50years, pregnant women have volunteered in
numerous studies that have provided essential physiologic data
related to exercise exposure. Data have been collected through-
out gestation up to 12 weeks postpartum from pregnant women
exposed to stationary exercise modalities (ie, stationary bicycle,
stair step, and treadmill) and at progressive increments of
workloads to 55% to 90% maximum of their individualized
maximum Vo,. The next series of paragraphs illustrate various
experimental conditions.

A well-designed study by Mottola et al'® used the latest
technology to measure blood flow, oxygen delivery, and sub-
strate delivery/utilization in pregnant and similar nonpregnant
women. In all, 24 of 39 (62%) pregnant and 16 of 29 (55%)
nonpregnant women completed the study. The average preg-
nant woman was 33+2 (SE) years old, weighed 67+2.3kg
(SE) pregnancy weight at 16 to 20 weeks, and were 168 +3.4cm
(SE) tall. All participants underwent a physical activity readi-
ness survey, and all women had a similar level of physical activ-
ity at baseline. Nonpregnant women were tested during the
luteal phase of their menstrual cycle. Women on oral contra-
ceptives were excluded. All women underwent a peak exercise
treadmill test to determine the participant’s 95% ventilatory
threshold (VT'), aka anaerobic threshold.20

Nonpregnant and pregnant women at 16 to 20 weeks of ges-
tation performed similarly in work rate (W=SD), 192+4.4
versus 205.4+5.9, respectively; peak heart rate (BPM+SD),
146 3.1 versus 149.4+2.5, respectively; and minute ventila-
tion (VE [L/min]+SD), 43.5+2.1 versus 45.3+3.6, respec-
tively. Pregnant women had significantly lower oxygen
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consumption (Vo, [mL/kg/min]+SD) than nonpregnant
women, 21.6+0.8 versus 24.3+0.9, respectively. In addition,
pregnant women had significantly lower carbon dioxide output
(Veo,[mL/kg/min] + SD) than nonpregnant women, 22.7 +0.8
versus 35.1+0.8, respectively.!?

Nonpregnant and pregnant women continued to exercise 3
to 4 times a week (confirmed by exercise logs and heart rate
monitor) at their individualized target heart rate intensity (95%
of VI? from their peak test). At 35 to 38weeks, pregnant
women completed a steady-state treadmill test at 95% of their
VT for 40 minutes. The cardiopulmonary responses in well-
trained 35- to 38-week pregnant women were similar to well-
trained nonpregnant women at baseline; they had a maternal
heart rate of 73 bpm, oxygen consumption (Vo,) of 4.4mL/kg/
min, and carbon dioxide output (Vco,) of 4.1 mL/kg/min.
After 40minutes, at 95% of their individual VT, pregnant
women versus nonpregnant women had significantly lower
maternal heart rate of 147 versus 156 bpm, respectively, oxygen
consumption of 18.4 versus 23.4 mL/kg/min, respectively, and
carbon dioxide output of 18.8 versus 23.3 mL/kg/min, respec-
tively. At the end of 15 minutes of active recovery (slow, level
walk), pregnant women versus nonpregnant women had sig-
nificantly higher maternal heart rate of 118 versus 103 bpm,
respectively. Oxygen consumption of about 5.2mL/kg/min
and carbon dioxide output of about 5.1 mL/kg/min were simi-
lar in pregnant and nonpregnant women.!

Glucose, insulin, lipids, and cholesterol, ie, substrate com-
pounds, were measured at baseline, 20, 30, and 40 minutes dur-
ing the steady-state treadmill test. In addition, at the end of the
15-minute recovery period, subjects ingested a 75-g glucose
load and substrate compounds were taken every 30 minutes for
2hours after the glucose challenge. Glucose, insulin, lipid, and
cholesterol patterns after the glucose test have a pattern normal
for pregnant women; glucose and insulin rise was higher and
for longer duration in pregnant versus nonpregnant womern.
Lipids and cholesterol were higher at baseline and from recov-
ery through 120 minutes after glucose ingestion in pregnant
versus nonpregnant women. In both pregnant and nonpreg-
nant women, the lipids and cholesterol peaked at the same lev-
els in the immediate recovery phase. All births and neonatal
outcomes were normal at a mean of 39.6 weeks. Birth weights
were within normal limits for a Canadian population.

Although the latter study examined vigorous steady-state
weight-bearing exercise at 35 to 38weeks, another study
focused on the response of pregnant women to non—weight
bearing cycle exercise. Heenan et al?! looked at 14 healthy, non-
smoking pregnant women (34.7+0.4weeks) whose age
(30.8years), height (162.5cm), and parity were matched with
14 nonpregnant women (controls) with similar physical and
demographic characteristics. Pregnant women had a higher
BMI at gestational age of testing than nonpregnant controls
(27.7+2.0 versus 23.9+0.6, respectively). All women were
involved in regular moderate physical activity 3 to 6 sessions
per week. The exercise intervention was a progressive maximal

exercise test on a constant work rate cycle ergometer. The pro-
tocol involved 5 minutes of rest, 4 minutes of warm-up at 20W,
followed by a progressive increase in work rate of 20 W/minute
until volitional fatigue. Data were collected during the 15-min-
ute postexercise recovery period. Respiratory responses were
measured on a breath-to-breath basis during the exercise inter-
vention, and blood samples were drawn at baseline, 1, and
3 minutes during exercise, as well as 3 minutes after exercise.

Ventilatory responses during exercise in pregnant and non-
pregnant women were similar; however, pregnant women had
higher minute ventilation at rest than nonpregnant women at
rest (10.9+0.4 versus 9.2 +0.4 L/min, respectively). At maximal
exercise, the Vo, and heart rates were similar in pregnant and
nonpregnant women (2.25+0.1L/min versus 2.28+0.08 L/
min and 178 +2bpm versus 179 +2bpm, respectively). Table 2
depicts the physiologic responses to graded exercise testing in
pregnant and nonpregnant women. The VT (anaerobic thresh-
old),2° an index of the onset of blood lactate accumulation,
reflects the work intensity an individual can sustain without
progressive accumulation of lactic acid and muscular fatigue.
Ventilatory compensation is the increase in minute ventilation
disproportionate to the increase in Vco,. Excess postexercise
oxygen consumption is the excess oxygen consumption above
baseline required to restore baseline energy and substrate needs
in the recovery period.

Does exercise change uterine activity? Spinnewijn et al??
examined this question in 30 healthy women at gestational
ages of 38 to 42weeks during an uncomplicated pregnancy.
The mean age was 31 (23-37) years. All women were admitted
for elective induction of labor with an inducible cervix and all
fetuses were in the vertex position. Fetal heart rates from a
scalp electrode were scored in a standard fashion—Fischer
Score?? by 3 independent observers and an intrauterine pres-
sure catheter measured intrauterine pressure. After 20 minutes
of baseline measurements, women began cycling with an initial
workload of 50W. The workload was increased 10W every
30seconds until a maternal heart rate of 140bpm. This work-
load and heart rate were continued for 20minutes.
Measurements were continued during the 20-minute recovery
period in semirecumbent position. Of the 30 subjects, 26 com-
pleted the protocol. The peak maternal heart rate was 140
(130-152) bpm. The strenuous exercise stimulated significantly
more contractions (median [range]) at 20 minutes during the
exercise period (median: 11; range: 6-18) than at baseline
(median: 2; range: 0-7) and during recovery in semirecumbent
position (median: 3; range: 0-10). The contractions had more
intensity with a higher time pressure integral during exercise
(median: 94; range: 46-343 mm Hg/20 minutes) and recovery
(median: 38; range: 0-188 mm Hg/20 minutes) than at baseline
(median: 25; range: 0-136 mm Hg/20 minutes). Overall, there
were no significant changes in the Fischer Score (fetal heart
rate pattern scoring) between baseline, exercise, and recovery.
There was little change in fetal sleep cycles during exercise. All
babies were delivered vaginally with normal Apgar scores at 1
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Table 2. The physiologic responses to graded exercise on a cycle ergometer testing in pregnant and nonpregnant women.

GROUP VENTILATORY RESPIRATORY PEAK LACTATE, EXCESS POSTEXERCISE,
THRESHOLD, Vo,, L/MIN COMPENSATION, Vo,, L/MIN MMOL/L Vo,, L

Pregnant 1.65+0.07 2.08+0.1 9.5+0.7* 2.77+0.19"

Nonpregnant 1.72+0.06 2.15+0.08 10.9+0.4 3.27+0.23

Abbreviation: Vo,, oxygen consumption.
*P value <.05, pregnant versus nonpregnant.
Adapted from a study by Heenan et al.?!

Table 3. Oxygen consumption and minute ventilation at baseline before term labor, during the first stage of labor, and 75W exercise.

PERIOD

Baseline 3.56+0.82
First stage average 4.28+0.93
First stage contractions peak 6.67+2.20"
75W on bicycle ergometer?? 16.33+0.54

* P value <.05 compared with baseline.
Adapted from a study by Eliasson et al.24

and Sminutes and had a median birth weight of 3620g
(2690-4800g).

The increased uterine contractility during vigorous exercise
when the cervix and uterus have prepared for labor, “cervix was
inducible,” provides caution for women who have cervical
maturity, ie, cervical dilatation greater than 1cm and efface-
ment greater than 50%, especially prior to 37 weeks of gesta-
tion. The reader is cautioned that the experimental protocol
does not indicate that exercise initiated labor only in those in
whom contractions occurred. In addition, the findings validate
that the fetus tolerates vigorous exercise at term.

The one “exercise” every woman anticipates (except those
planning an elective cesarean birth) is labor. There has been
relatively little study of the cardiopulmonary physiology of
human labor and it is not known how the O, consumption
and minute ventilation during labor compare with measure-
ments during exercise. Eliasson et al?* enrolled 20 pregnant
women to have pulmonary function tests and a 10-minute
breath-to-breath blood gas analysis in late term and repeated
in the first stage of labor. Data collection was complete on 8
patients. Table 3 depicts the oxygen consumption and minute
ventilation Vo, at baseline before term labor and during the
first stage of labor.

When labor is clearly energy using, if not “exercise,” the
overall energy expenditure is 10% to 20% of moderate-vigorous
exercise during pregnancy per each 30minutes of activity.
When labor is not normal, ie, long (>20hours), hypertonic
(high-dose oxytocin), with relative starvation (“NPO”), or
complicated by chorioamnionitis, the latter oxygen consump-
tion and minute ventilation estimates may not be reliable.

Another natural experiment is the effects of altitude (rela-
tive hypoxemia) on maternal physiology during exercise. At

OXYGEN CONSUMPTION, ML/KG/MIN

MINUTE VENTILATION, L/KG/MIN
0.15+0.03

0.24+0.11*

0.38+0.18*

0.58+0.02

25°C to 26°C, the barometric pressure at sea level (754 mm Hg)
falls 18% (617 mm Hg) at 6000-1t altitude. This corresponds to
an 18% fall in Po, inhaled by the exercising woman. Artal
et al® performed an experiment to examine the effect of alti-
tude on exercise performance. Seven healthy sedentary women
exercised at 33 to 34weeks of gestation. The average pregnant
participant was 25 years old, was 74kg, and had 34% body fat.
After medical clearance, subjects underwent testing on a bicy-
cle ergometer at sea level then at 6000-ft altitude. The bicycle
protocol was 5minutes resting at baseline measurements;
5 minutes at 25, 50, and 75W; and then increased 25W every
2 minutes until volitional fatigue.

At altitude, resting cardiac output was significantly higher
(6.41+0.18) than at sea level (5.85 +0.23 L/min). There was no
difference at 50W of exercise. At symptom-limited maximal
exercise in the same women, measures (maximal work, oxygen
consumption, and maximal CO, ventilation) were lower at alti-
tude than at sea level. Maximum heart rate (164 bpm) and ven-
tilatory frequency (40 breaths/minute) were similar at maximal
exercise between sea level and altitude. At maximal volitional
exercise levels, glucose, lactate, norepinephrine, and epineph-
rine were not different at sea level than at altitude. One of 7
subjects developed self-limited fetal heart rate decelerations,
and another demonstrated a self-limited episode of contractil-
ity during maximal exercise. All subjects had normal obstetric
and newborn outcomes at term. In summary, pregnant women
tolerate less workload at altitude but seem to respond normally
to acute exercise stress. Although the sample size is small and
more studies are needed, women at altitude who exercise at
moderate intensity should monitor contractility and maintain a
50% to 60% of maximum predicted heart rate intensity for
shorter duration, ie, 20 minutes. Anaerobic exercise should be
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avoided. More studies of higher intensity and longer duration
are needed.

Fetal temperature is approximately 0.5°C higher than
maternal temperature. Efficient heat dispersion by the exercis-
ing mother is important in reducing excess fetal oxygen con-
sumption by hyperthermia. O’Neill?® performed upright
cycling tests in 11 healthy, low-risk women at 34 to 37 weeks to
measure maternal rectal temperature and correlate the tem-
perature change with fetal heart rate changes. The exercise pro-
tocol used an upright bicycle ergometer. On day 1, participants
exercised at 62.5W for 15minutes, followed by lhour of
recovery, and finished with 15 minutes at 87.5W. On day 2,
they cycled at 62.5W for 15 minutes, rested for 1.5 minutes,
and then continued to cycle at 62.5W for another 15 minutes.
An active recovery of gentle peddling concluded each test
period. The maximum increase in maternal rectal temperature
was 0.3°C to 0.6°C. Increased intensity and longer duration
independently increased rectal temperature and, by inference,
increased fetal temperature similarly. High intensity (87.5W)
and longer duration (30 minutes) increased the fetal heart rate
by 13bpm. Higher fetal heart rates correlated with higher rec-
tal temperatures (r2=58%—68%, P<.02). The fetal heart rate
returned to baseline by 15minutes after the exercise session.
Although the sample size is small, these findings begin to set
guidelines for duration and intensity of exercise in pregnant
women: 15 minutes for intense exercise, 30 to 45 minutes for
moderate exercise, followed by an active recovery period of
15 minutes. The hyperthermic effect of consecutive and similar
sets of maternal exercise has not been studied.

In summary of the acute exercise studies, acute moder-
ately vigorous (Vo, up to 70%-75% of predicted maximum)
exercise is well tolerated by healthy, sedentary, or active preg-
nant women and her fetus. Healthy trained pregnant women
and her fetus can tolerate somewhat higher exercise intensity
(85%-90% of maximum Vo,). Pregnant women can increase
their aerobic capacity and exercise efficiency through train-
ing similar to nonpregnant women. As shown in a study by
Clapp et al'’, modest aerobic exercise training improves fetal
outcomes. However, prolonged exercise of more than 45 min-
utes results in an elevated core maternal and fetal tempera-
ture, a potential fetal risk. When pushed into anaerobic
metabolism during prolonged maximal exercise, fetal com-
promise and increased uterine contractions occur in 15% to
20% of pregnant women. Table 4 summarizes the sentinel
acute exercise studies. Over the breath of studies, the find-
ings of these sentinel studies are confirmed.!3

The optimal exercise session in healthy normal-weight
pregnant women is 30 to 45 minutes at 50% to 75% maximum
Vo,, followed by at least a 15-minute recovery period, ie, gentle
walking or cycling. There are 2 practical ways for women to
estimate Vo, consumption: heart rate and ventilatory rate.
Maximum heart rate is a proxy to maximum exercise tolerance
and can be approximated by subtracting age from 220, ie, a
30-year-old has a maximum predicted heart rate of 190 bpm.

Seventy percent of maximum heart rate or maximum Vo,
would be exercising at heart rate of 130 to 135bpm. Recent
advances in portable heart rate monitors make this method
much easier. Another way to practically estimate the target
range (50%-75% maximum Vo0,) is to exercise at level where
the woman can talk complete sentences, <75% maximum Vo,,
but not sing, >50% maximum Vo,. A more complex method is
to use metabolic equivalents (METs). An MET is the Vo, at
rest or about 3.5 mL, O,/kg/min. Moderate exercise uses 3 to 4
METs, ie, brisk walking. An excellent resource for METs for
types of exercise, work activities, and everyday living activities
was published by Jetté et al?® and Ainsworth et al.?

International Recommendations for Exercise in
Pregnancy

In 2002 (reaffirmed in 2009 and in 2015), the American
College of Obstetricians and Gynecologists»®® published
guidelines for exercise during pregnancy. In the absence of
medical or obstetric complications, pregnant women should
exercise at a moderate level for 30 or more minutes per day on
most, if not all, days of the week, ie, 150 to 180 minutes a
week. 130 Pregnant women who habitually engage in vigorous-
intensity aerobic activity or are highly active can continue this
activity during pregnancy.’® Numerous other national and
international governmental agencies and societies support this
basic guideline3!: US Department of Health and Human
Services, American College of Sports Medicine, Centers for
Disease Control and Prevention, Canadian Society for Exercise
Physiology, Royal College of Obstetricians and Gynecologists,
and National Institute for Health and Clinical Excellence
(United Kingdom), Denmark, and Norway. Most of these
groups recommend muscle- and bone-strengthening activities
using major muscle groups twice a week as beneficial.

Cautions and Concerns for Exercise During
Pregnancy

The key caveat of the aforementioned recommendations is the
phrase “in the absence of medical or obstetric complications.”
However, most of the US women of reproductive age (20—
39years) are unhealthy prior to conception, for instance, 30%
are obese (BMI>30kg/m?), 7% have chronic hypertension,
2% to 3% are diabetic, 15% to 20% smoke, 10% to 15% are
anemic (hemoglobin <10.0g/L), and 10% have cardiovascular
disease.3? In addition to being unhealthy prior to conception,
many develop conditions during pregnancy, such as 10% to
15% develop hypertension in pregnancy, 5% to 10% develop
gestational diabetes, and 50% gain excessive gestational
weight. Some of these percentages could be doubled because
30% to 50% of nonpregnant young women with chronic
hypertension or carbohydrate intolerance/type 2 diabetes are
unaware that they have these conditions. Of patients with
known chronic hypertension or diabetes, only 30% to 50% are
optimally controlled. Because the studies of exercise in preg-
nancy involve healthy volunteers without underlying disease
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Table 4. The sentinel acute exercise studies in pregnant women.

AUTHOR

(YEAR)

PARTICIPANTS
TEST/CONTROLS

INTENSITY

COMMENTS

Clapp etal  Regular, moderate Progressive grade treadmill at Vo, max >50%
(2000)'7 exercise for 20 minutes
24 interventions
22 controls
Mottola Highly trained Steady-state treadmill
etal 24 pregnant 40minutes at 95% of their individualized VT
(2013)1° 16 nonpregnant
Heenan Regular moderate Progressive maximal exercise test on a work
etal exercise rate cycle ergometer
(2001)21 14 pregnant
14 nonpregnant
Spinnewijn 26 healthy women Cycle ergometer
etal at 38—42weeks, Progressive increase in workload until
(1996)22 uncomplicated maternal heart rate is 140bpm, then continue
pregnancies for 30minutes or volitional fatigue
Eliasson 16 healthy women No intervention except term labor
etal Two measurements
(1992)24 (term and first stage
of labor) of mean
Vo, and peak VE
Artal et al 7 healthy pregnant Bicycle ergometer with stepwise increase by
(1995)25 subjects at 34weeks 25 to 75W every 5minutes, then added 25W
of gestation every 2minutes until volitional fatigue
One test at sea level, a second test at 6000-ft
altitude, a drop of 18% barometric pressure
and ambient oxygen content (similar to O,
content during in-flight commercial airplanes)
O’Neill 11 healthy, Upright bicycle ergometer
(1995)26 sedentary, Rectal temperature taken immediately before
nonsmoking women  and after an exercise session
at a mean of Two-day testing:
35.8weeks of Day 1 (Test A): 15minutes at 62.5W
gestation Day 2 (Test B/C)

Test B: 15minutes at 62.5W

Rest 1.5minutes

Test C 15minutes

At 62.5W, total of 30 minute of exercise

Placental growth with postpartum placental
examination.

Detailed physical measurements of mother, fetus, and
neonate

Most applicable to obstetric practices

Individualized VT measured at 16—20 weeks
Steady-state test at 34—38 weeks, followed by a
2-hour glucose tolerance test started 15minutes after
exercise test

Maternal-fetal tolerance of vigorous exercise for
40minutes

Exercise did not change the metabolic responses

Lactate level at peak exercise:

9.5 mmol/L—pregnant

10.9 mmol/L—nonpregnant

Fetal heart rate tracings were normal?” except for a
prolonged deceleration in an undiagnosed growth-
restricted fetus

Admitted for elective induction

Internal fetal monitoring during exercise

One of 26 had a “critical” Fischer score on fetal heart
rate tracing

Four of 26 had a “questionable” Fischer Score
During exercise, the frequency of contractions
increased 5.5-fold, the time pressure gradient
(mmHg/20min) increased 3.8-fold

Peak Vo, increased 86%—6.67 mL/kg/min in labor
Peak VE increased 167%—0.38L/kg/min in labor
At least 10-fold less than peak Vo, and VE during
moderate exercise

Pregnant women can engage in brief moderate
exercise at moderate altitude. The cabin pressure in
commercial flight is well tolerated

Maximum maternal heart rate 138—156bpm across all
tests

Rectal temperature increased 0.4°C after tests B and
C

Fetal heart rate monitoring was normal in each test
Within the recommended range of moderate exercise
duration, increases in rectal temperatures are well
tolerated

Abbreviations: VE, minute ventilation; VT, ventilatory threshold.

and the obstetrician often worries about the presence, visible
or invisible, of these complications, their motivation to recom-
mend regular, moderate exercise most days of the week is
diminished. The obstetric care provider is strongly recom-
mended to reinforce the benefits of physical activity in preg-
nancy, yet review and identify risks for exercise and advise
women accordingly. In certain cases, consultation from a spe-
cialist and/or exercise testing is warranted prior to starting
regular, moderate exercise most days of the week. Table 5

reviews common absolute and relative contraindications to
exercise in pregnancy. Relative contraindications might allow
monitored low-intensity exercise.

Women who were sedentary prior to pregnancy but desire
to gain the benefits of aerobic exercise should start at low
intensity (50% Vo,) with 10-minute stretches with 10-min-
ute breaks between sets. Over the next 2 to 4weeks, the
duration and intensity of sets are increased to 30 to 45 min-
utes and a higher Vo, (75% maximum Vo,), respectively.
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Table 5. Common absolute and relative contraindications to exercise in pregnancy.!30.33-35,

ABSOLUTE CONTRAINDICATIONS

Sports with high risk of falling or
trauma

Short cervix (<2.5cm) or current
cerclage

Fetal growth restriction
(EFW <5th%)

Multifetal gestations, ie, triplets or
more

Preeclampsia

History of =2 preterm births or
preterm labor in current pregnancy

Placenta previa after 24 weeks of
gestation

Premature rupture of membranes

Vaginal bleeding after 24 weeks

Hemoglobinopathies

Cyanotic heart disease

Cardiomyopathy

Marfan or Ehler-Danlos disease

COMMENTS

Ice hockey, soccer, basketball,
football, martial arts, wrestling,
gymnastics, horseback riding,
downhill skiing, water skiing,
skydiving, racquet sports,' etc
Risk of preterm birth

Risk of acute uteroplacental
insufficiency

Risk of preterm birth

Risk of acute uteroplacental

insufficiency

Risk of preterm birth

Risk of abruption or bleeding

Risk of preterm birth
Risk of prolapsed cord

Risk of abruption or bleeding

Risk of sickle cell crisis

Risk of cardiac crisis

Risk of congestive heart
failure

Risk of cardiac crisis

RELATIVE CONTRAINDICATIONS

Uncontrolled cardiac
arrhythmias

Poorly controlled asthma

Anemia (hemoglobin<9g/L)

Twin gestation after 24 weeks

Diabetes with HbA1C >6.5%

Poorly controlled seizure
disorder

Tobacco abuse (>5 cigarettes
per day)

BMI>35kg/m2

History of anterior cruciate
tendon repair

Back, knee, or hip surgery

COMMENTS

Risk of cardiac crisis

Risk of low maternal O,
saturation

Low maternal O,-carrying
capacity

Risk of preterm birth
Risk of acute uteroplacental
insufficiency

Seizures

Risk of acute uteroplacental
insufficiency

Undiagnosed diabetes or chronic
hypertension
Risk of trauma

Joint laxity33:34 from relaxin,
recurrent injury

Joint laxity33:34 from relaxin,
recurrent injury
Swimming is a good alternative

(type IV)

Abbreviations: BMI, body mass index; EFW, estimated fetal weight.

Dehydration, hypoglycemia, and exercise hyperthermia are
of special concern for the fetus; all exercise should be per-
formed in a fed, well-hydrated state. When the ambient
temperature and humidity are high, a special focus on hydra-
tion and shortened duration of each set is prudent. Indoor
exercise and swimming are better exercise choices in a hot
and humid environment. All pregnant women should be
advised to do a light 5-minute warm-up before exercise and
to cool down after exercise, ie, gentle walking or cycling. It
is suggested the best exercises are non-weight bearing; of
these exercises, swimming is a safe, full body exercise.
However, scuba diving deeper than 301t is contraindicated
as the fetus is at risk of decompression sickness. In general,
the warning signs to terminate exercise immediately include
vaginal bleeding, amniotic fluid leakage, contractions more
frequent than every 6 minutes, chest pain, irregular heart-
beat, shortness of breath, dizziness, syncope, calf pain, calf
swelling, or decreased fetal movement.

Neonatal and Maternal Effects of Chronic Exercise
in Pregnancy

Leisure time physical activity (LTPA), ie, chronic exercise,
during pregnancy at the durations and intensities described
by international guidelines for exercise in pregnancy,’3%31
has few risks and many benefits for the newborns and moth-
ers. The major immediate neonatal outcomes of concern are
miscarriage, birth defects, preterm delivery, and birth weight
extremes, ie, SGA or large for gestational age (LGA). From
the Danish National Birth Cohort (DNBC), Madsen et al3¢
analyzed the prospective risk of miscarriage up to 22 weeks
of gestation in 92671 pregnant women reporting physical
activity. They found that there is no dose effect with miscar-
riage among all levels of activity compared with sedentary
women. A recent review of studies examining the risk of
birth defects in exercising women could not identify any
consistent increase in birth defects.’” Two large prospective
studies have demonstrated a reduced risk of preterm birth in
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Table 6. Obstetric benefits of leisure time physical activity in pregnancy.

OUTCOME

AUTHORS (YEAR)

COMPARISON NUMBER OF STUDIES

NUMBER OF PARTICIPANTS

12 trials
459 active, 447 controls

Gestational weight Streuling et al (2010)3° Active had less weight gain, —0.61kg (-1.17,
gain -0.06)

16 trials
1523 active, 1543 controls

14.2% active versus 17.8% control
Risk ratio (RR) (95% confidence interval [Cl]):
RR=0.85 (0.73, 0.99)

Cesarean section Domenjoz et al (2014)40

Gestational diabetes
mellitus (GDM)

Russo et al (2015)4
Aune et al (2016)42

GDM: active 6.8% versus control 8.2%
(P=.005)

Prepregnancy: high versus low activity,
summary RR (95%)=0.78 (0.61-1.0)
Pregnancy: high versus low activity, summary
RR (95%)=0.8 (0.64-1.0)

A significant dose-response effect was noted

10 trials, 1713 active, 1686 controls
25 studies

9804 participants

900 GDM

Preeclampsia Genest et al (2015)43

Aune et al (2014)44

Dose-response meta-analysis

20%—35% relative risk reduction: highest
prepregnancy activity

20% relative risk reduction: high physical
activity in early pregnancy

36% relative risk reduction: physical activity
before and during early pregnancy

50% relative risk reduction: high-intensity
physical activity in early pregnancy

Mechanistic review

15 studies

Cohort studies: 179077
Case-control studies: 6044
15 studies

11 cohort studies
(participants=179077)

4 case-control studies
(participants =6044)

High versus low activity
Summary RR (95% Cl)
Prepregnancy=0.65 (0.47—-0.89)
Early pregnancy=0.79 (0.71-0.91)
Positive dose response
Summary RR per 1 hour per day=0.83

(0.72-0.95)

exercising women. The Norwegian Mother and Child
Cohort Study (MoBa) with 61098 pregnant women demon-
strated lower rates of preterm birth in women exercising 3 to
5 times per week at 30weeks of gestational age: adjusted
odds ratio=0.74 and 95% confidence interval =0.65 to 0.83.2
Similar protective effects of LTPA on preterm births were
demonstrated in the DNBC.38

The likelihood of small and LGA newborns is an impor-
tant variable in analysis as exercise competes with the placen-
tal-fetal unit for oxygen and substrates. Moderate LTPA in
pregnancy reduces the risk of LGA neonates by 30% with no
increase in the risk of SGA neonates. The 2 large prospective
studies,?3® DNBC and MoBa, confirmed a 23% to 28%
reduction in LGA newborns with no significant increase in
SGA neonates. Clapp and colleagues'®!” demonstrated that
the newborns of exercising women are leaner and have
decreased body fat percent for their weight than newborns of
nonexercising women.

Normalized birth weight outcomes may be the result of
higher blood volume, which can increase nutrient delivery,
seen in active pregnant women versus sedentary pregnant
women. Similarly, red cell volume, ie, better oxygen delivery,
is greater in active pregnant women versus sedentary preg-
nant women.'®17 Leisure time physical activity during preg-
nancy has multiple obstetric benefits apart from the exercise
benefits seen in nonpregnant women. Table 6 reports the

results of several recent meta-analyses on obstetric
outcomes.

Exercise and diet during pregnancy have profound effects
on the newborn into adulthood. There is a rapidly expanding
literature to support the impact of in utero environment on
adult health and the health of future generations.** The
extremes in fetal growth increase the risks of metabolic disor-

” «

ders in the child and adult, ie, “fetal origin hypothesis,” “early
life programming,” and “thrifty phenotype hypothesis.” Fetal
growth restriction is associated with adult metabolic syn-
drome, chronic hypertension, and type 2 diabetes mellitus.
Maternal obesity, diabetes, and subsequent fetal hyperalimen-
tation, aka macrosomia, predict 2- to 3-fold risk in childhood
and adult obesity and type 2 diabetes. The hyperalimented
female offspring have a 2- to 3-fold increase in gestational
obesity and gestational diabetes in their future pregnancies.
The metabolic dysfunction crosses generations, perhaps by an
epigenetic mechanism.

Epigenetics is defined as heritable changes in gene expres-
sion that are not due to any alteration in the primary DNA
sequence. Epigenetic mechanisms include DNA methylation,
histone modification, and regulation by noncoding RNAs.
Early epigenetic perturbations in the fetal environment pro-
gram a dysfunctional developmental response. Micronutrients
(vitamins, minerals), macronutrients (glucose, lipids, protein),
and oxygen environment, ie, exercise, modulate the early in
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utero environment to create a potentially permanent pattern of
metabolic performance, response to oxidative stress, immuno-
logic response, and neurologic interaction, ie, sympathetic/
autonomic response and fat deposition/utilization. Diet and
exercise during pregnancy act in combination to direct normal
epigenetic homeostasis. A high-fat, high-fructose diet coupled
with a sedentary lifestyle before and during pregnancy creates
an in utero environment that sets the stage for future metabolic
syndrome.

Summary

Maternal and fetal physiology at rest provides support for mater-
nal-fetal adaptation to acute and chronic exercise during preg-
nancy. Sentinel animal and human studies demonstrate a wide
margin of safety across wide variety of intensity, duration, and
altitude for aerobic treadmill and cycling exercise. Prolonged
anaerobic exercise creates an environment of hyperthermia,
dehydration, and enhanced uterine activity which may have fetal
threats. Population data with self-reported exercise frequency
and intensity have shown improved pregnancy outcomes, less
gestational weight gain, fewer cesarean deliveries, less gestational
diabetes, and less preeclampsia. The observations from acute
exercise experiments and the population studies buttress the
international recommendations for moderate exercise most days
of the week in normal women throughout pregnancy.

Obstetric care providers should use their knowledge of the
reviewed sentinel articles to better inform their normal patients
as to the evidence-based benefits of regular exercise. The inten-
sity of the acute exercise studies suggests an important margin
of safety in many patients who are less healthy, ie, overweight,
unfit, or have mild hypertension or gestational diabetes. The
available evidence suggests a monitored, stepwise increase in
physical activity will decrease adverse pregnancy outcomes.

Future Studies

Because many modern, pregnant women have conditions
which may caution the obstetric care provider and the patient,
there is a profound and urgent need to design and publish
studies that randomly assign patients with obesity, diabetes, or
hypertension and smoking to a well-monitored exercise pro-
gram of regular, moderate intensity most days of the week ver-
sus no intervention.

The recommendation by multiple national and interna-
tional organizations is that every neonate should breastfeed
exclusively for 6months and continue breastfeeding for
12 months or more.** Although an understanding of lactation
physiology and the consistency of breastmilk content suggest
few concerns in lactating women who perform moderate-
intensity exercise most days of the week, there is little no
research on the success of breastfeeding and breastmilk volume
and content in exercising, well-fed women.
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