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In January 2002 the American College

of Obstetricians and Gynecologists

(ACOG) published new recommenda-

tions and guidelines for exercise during

pregnancy and the postpartum period.1

Regular exercise is promoted for its over-

all health benefits. Pregnancy is recog-

nised as a unique time for behaviour

modification and is no longer considered

a condition for confinement. It is cur-

rently recognised that habits adopted

during pregnancy could affect a woman’s

health for the rest of her life. For the first

time the recommendation suggests a

possible role for exercise in the preven-

tion and management of gestational

diabetes.

The recommendations also promote

exercise for sedentary women and those

with medical or obstetric complications,

but only after medical evaluation and

clearance.

Box 1 lists the absolute contraindica-

tions to aerobic exercise during preg-

nancy, and box 2 the relative contraindi-

cations. As with any form of exercise

prescription, these recommendations

also include the warning signs to termi-

nate exercise while pregnant (box 3).

The recommendations also offer guide-

lines for sports and recreational activi-

ties. It cautions against participation in

contact sports and recommends avoid-

ance of scuba diving.

As for postpartum resumption of

activities, the recommendations note

that rapid resumption has no adverse

effects, but gradual return to former

activities is advised. This review includes

background and comments to the above

recommendations.

The health benefits of physical activity

are well recognised, and conversely sed-

entary habits and low levels of cardiores-

piratory fitness are leading risk factors

for subsequent development of cardio-

vascular disease.2 3

The Centers for Disease Control and

Prevention and the American College of

Sports Medicine (CDC-ACSM) have rec-

ommended the accumulation of 30 min-

utes or more of moderate intensity

physical activity on most, and preferably

all, days of the week.4 Moderate intensity

physical activity is defined as activity

with an energy requirement of 3–5

metabolic equivalents (METS). For most

healthy adults, this is equivalent to brisk

walking at 3–4 mph. The CDC-ACSM

statement also recognises that more

intense exercise performed in 20–60

minute sessions on three to five days a

week will result in higher levels of physi-

cal fitness.

Despite the fact that pregnancy is

associated with profound anatomical

and physiological changes, there are few

instances that should preclude otherwise

healthy, pregnant women from following

the same recommendations.

MUSCULOSKELETAL
ADAPTATIONS
Anatomical and physiological changes

during pregnancy have the potential to

affect the musculoskeletal system at rest

and during exercise. The most obvious of

these is weight gain. The increased

weight in pregnancy may significantly

increase the forces across joints such as

the hips and knees by as much as 100%5

during weight bearing exercise such as

running. Such large forces may cause

discomfort to normal joints and increase

damage to arthritic or previously unsta-

ble joints.

“Despite a lack of clear evidence
that musculoskeletal injuries are
increased during pregnancy, these
possibilities should nevertheless be
considered when prescribing
exercise in pregnancy.”

Data on the effects of increased weight

of pregnancy on joint injury and patho-

logy are lacking. Because of anatomical

changes, pregnant women typically de-

velop lumbar lordosis, which contributes

to the very high prevalence (50%) of low

back pain in pregnant women. Balance

may be affected by changes in posture,

predisposing pregnant women to loss of

balance and increased risk of falling.

However, increased incidence of falling

during pregnancy has not been reported.

Another musculoskeletal change during

pregnancy is increased ligamentous lax-

ity thought to be secondary to the influ-

ence of the increased levels of oestrogen

and relaxin. Theoretically, this would

predispose pregnant women to increased

incidence of strains and sprains. This

hypothesis has been substantiated by

objective data on the metacarpophalan-

geal joints.6 Despite a lack of clear

evidence that musculoskeletal injuries

are increased during pregnancy, these

possibilities should nevertheless be con-

sidered when prescribing exercise in

pregnancy.
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New guidelines for exercise in pregnancy and postpartum
have been published by the American College of Obstetricians
and Gynecologists

Box 1 Absolute contraindications
to aerobic exercise during
pregnancy (with permission from
ACOG1)

• Haemodynamically significant heart
disease

• Restrictive lung disease
• Incompetent cervix/cerclage
• Multiple gestation at risk for prema-

ture labour
• Persistent second or third trimester

bleeding
• Placenta praevia after 26 weeks

gestation
• Premature labour during the current

pregnancy
• Ruptured membranes
• Pregnancy induced hypertension

Box 2 Relative contraindications
to aerobic exercise during
pregnancy (with permission from
ACOG1)

• Severe anaemia
• Unevaluated maternal cardiac ar-

rhythmia
• Chronic bronchitis
• Poorly controlled type I diabetes
• Extreme morbid obesity
• Extreme underweight (body mass

index <12)
• History of extremely sedentary life-

style
• Intrauterine growth restriction in cur-

rent pregnancy
• Poorly controlled hypertension/pre-

eclampsia
• Orthopaedic limitations
• Poorly controlled seizure disorder
• Poorly controlled thyroid disease
• Heavy smoker
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Uterine activity has been measured in

exercising pregnant women,7 8 and mini-

mal or no changes were reported during

the last eight weeks of pregnancy. In

some reports, physical activity has been

associated with an increase in uterine

contractions.9 The magnitude of uterine

contractions reported is usually low.

There are only anecdotal reports that

strenuous training may cause preterm

labour. Nonetheless, until there is un-

equivocal evidence that strenuous exer-

cise has no impact, a physically active

woman with a history of, or who is at

risk of, preterm labour should be advised

to reduce her activity in the second and

third trimesters.10

NUTRITIONAL REQUIREMENTS
After the 13th week of pregnancy, about

1.2 extra MJ (300 kcal) per day are

required to meet the metabolic needs of

pregnancy.11–13 This energy requirement

is increased further when daily energy

expenditure is increased through exer-

cise. In weight bearing exercise, such as

walking, the energy requirement pro-

gressively increases with the increase in

weight during the course of the preg-

nancy. A related consideration to nutri-

tion and exercise during pregnancy is

adequate carbohydrate intake. Pregnant

women use carbohydrates at a greater

rate both at rest and during exercise than

do non-pregnant women.15 16 It also

appears that, during non-weight bearing

exercise in pregnancy, there is preferen-

tial use of carbohydrates, possibly the

result of the anaerobic component of this

type of activity.17

CARDIOVASCULAR ADAPTATIONS
Pregnancy induces profound alterations

in maternal haemodynamics. Such

changes include an increase in blood

volume, heart rate, and stroke volume as

well as cardiac output, and a decrease in

systemic vascular resistance.13 18 19 By

midpregnancy, cardiac outputs are 30–

50% greater than before pregnancy.20

Most studies show that maternal stroke

volume increases by 10% by the end of

the first trimester and is followed by a

20% increase in heart rate during the

second and third trimesters.21 22 Mean
arterial pressure decreases 5–10 mm Hg
by the middle of the second trimester
and then gradually increases back to
prepregnancy levels. The decreased
mean arterial pressure is the result of
increased uterine vasculature, uteropla-
cental circulation, and the decrease in
vascular resistance of predominantly the
skin and kidney.21 These haemodynamic
changes appear to establish a circulatory
reserve necessary to provide nutrients
and oxygen to both mother and fetus at
rest and during moderate but not strenu-
ous physical activity.

The cardiovascular changes associated
with body posture is an important
consideration for pregnant women both
at rest and during exercise. After the first
trimester, the supine position results in
relative obstruction of venous return and
therefore decreased cardiac output. For
this reason, supine positions should be
avoided as much as possible during rest
and exercise. In addition, motionless
standing is associated with a significant
decrease in cardiac output, thus this
position should be avoided.23 Conflicting
evidence exists on maternal heart rate
response to steady state submaximal
exercise during pregnancy.24 25 Both
blunted and normal responses to weight
bearing and non-weight bearing exercise
have been reported,24 25 making use of
heart rate monitoring to guide exercise
intensity during pregnancy difficult.

RESPIRATORY ADAPTATIONS
Pregnancy is associated with profound
respiratory changes: minute ventilation
increases by almost 50%, largely as a
result of increased tidal volume.26 27 This
results in an increase in arterial oxygen
tension to 106–108 mm Hg in the first
trimester, decreasing to a mean of
101–106 mm Hg by the third trimester.28

There is an associated increase in oxygen
uptake, and a 10–20% increase in base-
line oxygen consumption. Physiological
dead space during pregnancy remains
unchanged.26 29 30 During treadmill exer-
cise in pregnancy, arteriovenous oxygen
difference is decreased.24 Because of the
increased resting oxygen requirements
and the increased work of breathing
caused by pressure of the enlarged
uterus on the diaphragm, there is de-
creased oxygen availability for the per-
formance of aerobic exercise during
pregnancy. Thus both subjective work-
load and maximum exercise perform-
ance are decreased.12 27 However, in some
fit women, there appear to be no associ-
ated changes in maximum aerobic power
or acid-base balance during exercise in
pregnancy compared with non-pregnant
controls.13 29 31

THERMOREGULATORY CONTROL
The cardiovascular system is affected the
most by the increased metabolic de-
mands of exercise, and therefore a major

factor is the dissipation of the excess

heat generated by exercise. During preg-

nancy, basal metabolic rate, and there-

fore heat production, is increased above

non-pregnant levels. The increase in

body temperature during exercise is

directly related to the intensity of the

exercise. During moderate intensity,

aerobic exercise in thermoneutral condi-

tions, the core temperature of non-

pregnant women rises an average of

1.5°C during the first 30 minutes of

exercise and then reaches a plateau if

exercise is continued for an additional 30

minutes.16 A steady state of heat produc-

tion versus heat dissipation is accom-

plished by increased conductance of heat

from the core to the periphery through

the cardiovascular system as well as

through evaporative cooling through

sweat. If heat production exceeds heat

dissipation capacity, for example during

exercise in hot, humid conditions or dur-

ing very high intensity exercise, the core

temperature will continue to rise. During

prolonged exercise, loss of fluid as sweat

may compromise heat dissipation. Main-

tenance of euhydration, and therefore

blood volume, is critical to heat balance.

“ . . .an increase in maternal core
temperature of more than 1.5°C
during embryogenesis has been
observed to cause major
congenital malformations.”

Data on the effects of exercise on core

temperature during pregnancy are

limited.12 13 16 Fetal body core tempera-

tures are about 1°C higher than maternal

temperatures. In animal studies, an

increase in maternal core temperature of

more than 1.5°C during embryogenesis

has been observed to cause major con-

genital malformations.32 These data cou-

pled with the results of human studies

suggest that hyperthermia in excess of

39°C during the first 45–60 days of

gestation may also be teratogenic in

humans.32 33 However, there have been no

reports that hyperthermia associated

with exercise is teratogenic in humans.

FETAL RESPONSES TO MATERNAL
EXERCISE
In the past, the main concerns of

exercise in pregnancy were focused on

the fetus, and any potential maternal

benefit was thought to be offset by

potential risks to the fetus. In the

uncomplicated pregnancy, fetal injuries

are highly unlikely. Most of the potential

fetal risks are hypothetical.

The principal question that remains to

be answered is does the selective redistri-

bution of blood flow during regular or

prolonged exercise in pregnancy inter-

fere with the transplacental transport of

oxygen, carbon dioxide, and nutrients,

Box 3 Warning signs to
terminate exercise while pregnant

• Vaginal bleeding
• Dyspnoea before exertion
• Dizziness
• Headache
• Chest pain
• Muscle weakness
• Calf pain or swelling (need to rule

out thrombophlebitis)
• Preterm labour
• Decreased fetal movement
• Amniotic fluid leakage
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