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INTRODUCTION
Current research supports the recommendation that a moderate level of exercise on a
regular basis during a low risk pregnancy has minimal risk for the fetus and beneficial
metabolic and cardiorespiratory effects for the exercising woman. Many women perceive
this life stage as an opportunity to improve their lifestyle and adopt healthier behaviors
such as eating a balanced diet and participating in regular physical activity (4, 21, 34).
An estimated forty percent of women in Western countries currently exercise during
pregnancy (28), which highlights the need for research in this area to determine the safety
for both mother and fetus.
Recommendations on exercise in pregnancy have undergone significant changes over the
last three decades, with initial guidelines in the 1980’s regarded as conservative and
lacking scientific support (1) More recent guidelines have been more flexible in exercise
prescription and are now evidence-based. The PARmed-X for Pregnancy tool is
recommended to assess the appropriate and safe parameters for medical screening and
exercise prescription.
This position paper will review the current research on exercise in pregnancy, with a
discussion of fetal and maternal implications; and potential benefits in the postpartum
period. The data cited throughout this paper was extracted from a large volume of
research [done to date] collected from various databases including Medline, SportDiscus,
PsychINFO and Cochrane Database of Systematic Reviews; expert knowledge and
pertinent review articles. This position paper will also present the current guidelines for
the prescription of exercise in pregnancy, as published by the Society of Obstetricians
and Gynecologists of Canada (SOGC) and the Canadian Society for Exercise Physiology
(CSEP) in June 2003 (22).
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LIMITATIONS OF RESEARCH METHODOLOGY
The study of exercise in pregnancy is limited by the ethical issues that surround
subjecting pregnant women to specific conditions which pose unknown and unpredictable
harm to the unborn fetus. Therefore, research findings have been limited in their
applicability and validity by the lack of scientific rigor that has been applied to this area
of interest. The limitations pertaining to the research include:











It is very difficult to differentiate physiological effects of pregnancy from
exercise-induced effects.
Specific concerns regarding exercise in pregnancy (i.e. increased neural tube
defects, premature delivery) are based on adverse outcomes noted in animal
studies (36, 58, 64).
Many animal studies were performed on untrained pregnant animals that were
exercised to near or complete exhaustion. Human studies typically involve
physically fit pregnant women exercising at moderate levels of intensity (41, 60).
Human studies which examine the safety of exercise in pregnancy lack welldesigned, large-scale randomized controlled designs. Current recommendations
are based on cohort studies, case reports, case-control, retrospective and
prospective studies.
Sample sizes are typically small which decreases the ability of the results to be
representative and generalized to the larger population. Research to date is also
primarily limited to healthy, non-smoking, Caucasian, previously-fit women.
Most studies do not describe specific exercise prescriptions including type of
exercise, intensity, duration and frequency. Furthermore, there is no available
data which examines the safety of trendy exercise programs, such as Pilates and
Yoga, in pregnant women.
Study designs exclude women with high-risk pregnancies (i.e. multiple gestation)
or co-morbidities (i.e. cardiovascular disease).
Little research exists on the safety and effects of weight-training in low-risk
pregnancy.
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SUMMARY OF PHYSIOLOGICAL RESEARCH:
I: FETAL IMPLICATIONS
Exercise and Early Miscarriage
Pregnant women in the past have been advised against participating in exercise due to
concerns of risk of miscarriage, either by poor implantation in early gestation or by
premature labour in late gestation. These concerns were only supported by data from
previous animal models, which documented an increase in fetal mortality with exercise
during pregnancy (64). There are very few human studies that have investigated the
effect of exercise on first trimester viability. None of the human studies to date which
have demonstrated any increase in spontaneous abortion, congenital abnormalities or
implantation abnormalities in exercising pregnant women (14, 20, 27). Woman who
has been previously active may continue their exercise during the first trimester to a
maximum of 30-40 minutes at a frequency of 3-4 x a week as tolerated.

Exercise-Induced Hyperthermia
Previous studies using pregnant rat models found that elevated maternal temperatures
above 390C, during the first trimester of pregnancy, was associated with a significant
increase in fetal anomalies – particularly neural tube defects (36, 58). Human studies,
however, have not supported this finding (4, 33). Researchers have established that
maternal basal core temperature declines throughout pregnancy until delivery, thereby
allowing for more effective thermoregulation (41). This pregnancy-induced adaptation
appears to be fetoprotective; a short bout of high-intensity exercise [in late pregnancy]
was not associated with a rise in maternal temperature of beyond 380C or adverse fetal
heart rate changes (41, 47).
Preliminary studies indicate that the exercising pregnant woman may be able to
tolerate mild changes in core body temperature within the established exercise
guidelines.
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Exercise, Blood Flow Redistribution and Glucose Availability
It is well known that exercise results in the redistribution of blood flow from visceral
organs to contracting skeletal muscle. Splanchnic blood flow, in particular, may decrease
up to 50% of resting values at moderate intensity exercise – with an additional 30%
decrease with prolonged high intensity exercise (15). Uterine blood flow depends on
splanchnic circulation, which is a cause for concern in the exercising pregnant woman
because shunting of blood flow could compromise blood flow to the placenta and
developing fetus. Early animal studies suggest that redistribution of blood flow, during
strenuous exercise, could compromise fetal blood flow thereby resulting in fetal hypoxia
(17). Human studies, however, note that the magnitude of shunting from the placenta [to
working skeletal muscle] is directly proportional to exercise intensity and muscle mass
used (16). Pregnant women who continue to exercise throughout pregnancy demonstrate
a blunted response in the third trimester to the magnitude of decrease in placental blood
flow (16). A single bout of high-intensity exercise does not result in immediate adverse
fetal or maternal cardiovascular effects (35). The impact of prolonged high-intensity
exercise on placental perfusion and fetal well-being remains unknown.
Glucose is the primary energy substrate controlling fetal growth. It is also, however, the
main energy substrate for skeletal muscle during exercise. Exercise in pregnancy has
raised concerns about depletion of fetal glycogen stores due to increased demands of
exercising maternal skeletal muscle. Insufficient storage of glycogen in the fetal heart
and liver has negative implications for fetal growth and neonatal survival (31). Previous
studies in trained pregnant rats reported that maternal exercise of moderate intensity did
not compromise fetal or placental glycogen stores when compared to the control animals
(30, 49). These findings may not be applicable to pregnant women of advanced maternal
age (31). Exercise-induced reductions in circulating blood glucose have been reported
with moderate to high intensity exercise in late pregnancy (8, 69). Wolfe et al. noted that
exercise training may decrease insulin resistance that naturally occurs with advancing
gestation, and increase hepatic glycogenolysis. Thus, aerobic conditioning may preserve
fetal glucose supply by inducing a protective effect on the maternal blood glucose pool
(69).
These studies confirm that conservative guidelines are necessary for maternal
exercise as the threshold for blood redistribution and glucose availability is altered
during pregnancy and not well established with the additional effect of exercise.
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Exercise and Birth Weight
Birth weight is not significantly decreased in infants born to women who engage in
exercise during pregnancy (28, 53). Beginning or continuing an exercise program of
regular, moderate-intensity exercise in pregnancy appears to positively impact
fetoplacental growth rate (18, 19). Larger term infants [and placentae] were associated
with maintenance of a moderate-volume exercise regimen throughout a pregnancy and/or
a reduction in exercise volume in mid and late pregnancy (18). Pregnant women who
exercised vigorously in the third trimester were more likely to deliver infants weighing
200g to 400g less than the control group (39). Likewise, women who participated in
exercise 5 or more times per week had increased likelihood of delivering low-birth
weight infants compared to women who exercised 3 to 4 times per week (6). Wellconditioned female athletes, however, who continued to exercise at high-intensity
throughout pregnancy, were found to have higher maternal weight gain and heavier
newborn babies when compared to moderate-intensity exercisers (34).
Current literature supports moderate intensity exercise of 2-4 x a week in a
pregnant woman without adverse effect on fetal birth weight.

Exercise and Preterm Labour
There have been no human studies, to date, that have shown an increased risk of preterm
labour in exercising pregnant women (24, 28). Most studies suggest that exercise has no
effect on the length of labour (43). Recent data suggests that participation in “vigorous”
activity during the first and especially the second trimester of pregnancy is associated
with a reduced risk of preterm labour (25). Likewise, the risk of post-term delivery is not
significantly increased in this population (25, 40).
Exercise is not found to be a risk factor for pre-term labour.

Exercise and Fetal Stress
Fetal stress patterns with maternal exercise continue to be monitored because of concerns
that competing demands of exercise and pregnancy could result in fetal compromise.
Fetal well-being is most easily assessed by changes in baseline fetal heart rate (FHR) and
variability. Previous studies reported fetal bradycardia with maternal exertion during
vigorous exercise; researchers speculated that the redistribution of blood flow, cord
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compression or vagal reflex may account for this finding (11, 65). These findings are not
consistent with those noted in subsequent studies (35, 45, 46). It is well known that the
most common FHR response to a short bout of strenuous maternal exercise is
tachycardia, with a rise of approximately 10 beats per minute during exercise – and a
return to baseline 10 to 20 minutes after exercise is over (69). The magnitude of change
in fetal stress patterns is associated with the intensity and duration of maternal exercise.
These studies confirm that guidelines are necessary for maternal exercise because
there is still some controversy regarding the threshold for exercise and fetal stress.

II: MATERNAL IMPLICATIONS
Exercise and Maternal Injury
Exercise in pregnancy may predispose both mother and fetus to injury due to changes to
the musculoskeletal system. Balance and coordination are both altered with the enlarging
uterus, due to a shift in the woman’s center of gravity. Specific pregnancy-related
hormones are also known to increase the relaxation and mobilization of the pelvic,
sacroiliac and sacrococcygeal joints – thereby making the woman [theoretically] more
vulnerable to joint injury (32). The greatest risk to the maternal-fetal unit is associated
with blunt abdominal trauma. Blunt trauma to the pregnant abdomen can occur with fall
injuries – posing a risk of placenta abruption, preterm labour and uterine rupture (66). To
date, there have been no studies which indicate an increased rate of injury when
exercising in pregnancy (15).
Studies indicate that moderate low impact exercise during pregnancy has not been
associated with a reported incidence of maternal injury; however, the risk for
potential maternal injury may occur at higher impact or contact physical activity
due to the musculoskeletal changes during pregnancy.

Exercise, Labour and Delivery Outcome
The impact of exercise in pregnancy on labour and delivery remains unclear. However,
several studies have found that pregnant women who engage in regular exercise tolerate
labour pain better, require less medical interventions [such as oxytocin, forceps and
cesarean section] during labour and recuperate more quickly postpartum (13, 60). The
effect of exercise on the length of labour remains undecided, although many studies have
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found no correlation between fitness, training level and labour (60). Interestingly,
Zeanah et al. reported that women who exercised regularly before conceiving, and who
had uncomplicated pregnancies, did not adversely affect their own or their newborn’s
health by exercising in excess of the ACOG guidelines (71).
Exercise is not detrimental to labour and may even produce benefits of less medical
intervention.

Exercise and Psychological Well-being
Regular exercise is important for both physical and mental health. Apart from increasing
cardiorespiratory fitness, it also enhances well-being and improves body image. The
exact mechanisms underlying these effects are not well understood, but are thought to
involve biochemical pathways which ultimately lead to elevated circulating endorphins,
norepinephrine, and serotonin (21). When compared to their sedentary counterparts,
pregnant women who engaged in exercise throughout pregnancy reported less stress,
insomnia, anxiety and depression (21, 59). Previous studies have also shown these
women to have an improved sense of well-being and body satisfaction (59).
There are defined psychological benefits of exercise during pregnancy that can be
attained by moderate physical activity participation.

Exercise and Musculoskeletal Adaptations
Low back pain is the most commonly reported musculoskeletal problem in pregnancy.
Approximately 50% of women experience some kind of back and pelvic pain during
pregnancy (63), with residual pain affecting 20% of women six years postpartum (50).
Current research has found a significant decrease in musculoskeletal complaints (50, 60)
and associated physical discomforts [such as nausea, heartburn, leg cramps, insomnia,
fatigue, varicosities and swelling of the lower extremities], among women who exercise
during pregnancy (32, 52).
Studies are limited in defining the incidence and severity of musculoskeletal
adaptations during pregnancy while participating in an exercise program. Further
research is recommended.
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III: IMPLICATIONS IN POSTPARTUM PERIOD
Exercise and Weight Management
Weight gain is a healthy expectation in pregnancy, and exercise during this period should
not be used for weight reduction. However, excess weight gain during pregnancy and
failure to lose weight in the postpartum period are important predictors for risk of
subsequent obesity (7, 55). Women with higher levels of activity at 6 months postpartum
were found to retain less weight than less active counterparts (3.9kg and 5.1kg,
respectively) (56). Race may also play an important role in postpartum weight retention.
Black women were found to have higher pre-pregnancy weights and retain 6.4 lbs more
than white women postpartum.
These findings suggest that culturally-specific
intervention strategies are needed in both prenatal and postpartum periods (7).

Exercise and Postpartum Depression
An estimated 13% of women experience some degree of postpartum depression. Few
studies to date have researched the impact of exercise in the postpartum period on the
incidence of postpartum depression in new mothers (37, 38). Women who engage in
vigorous exercise at 6 months postpartum, however, have shown to score higher on
various psychological well-being scales which assess satisfaction with life circumstances,
motherhood, partner relationship and confidence in tasks of motherhood (56).
Furthermore, active mothers reported increased gratification with the labour and delivery
experience compared to their sedentary counterparts (56).

Exercise and Breast Milk
Exercise in the postpartum period has raised concerns about the potential accumulation of
lactic acid (LA) in breast milk, and subsequent changes in breast milk composition and
infant satisfaction (70). LA in breast milk appears to be a function of exercise intensity.
Breast milk volume and composition was not shown to be affected after short term
maximal exercise or 30 minutes of moderate-intensity exercise (10, 38, 54). The authors
also reported no differences in body weight or growth among infants of mothers in both
the exercising and control groups (38). Previous findings supported significant increases
in breast milk LA concentration immediately after a period of maximal exercise to
exhaustion (10, 54). Secretory IgA is the predominant immunoglobulin present in
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colostrum and mature breast milk, and plays a key role in early infant immune function.
High-intensity exercise, over short time intervals, was shown to alter IgA concentrations
in breast milk, with recovery to normal levels 60 minutes post-exercise (26). Lovelady et
al, in contrast, demonstrated that moderate-intensity exercise in lactating women
improved cardiovascular fitness without affecting levels of IgA in breast milk (44).

Exercise and Urinary Incontinence
Pregnancy and vaginal delivery are known risk factors in the development of urinary
incontinence. Consistent findings among several studies suggest that strengthening of
pelvic floor muscles, as with Kegel exercises, within 6 months postpartum significantly
improves continence status (12, 57). Morkved et al. demonstrated a positive outcome on
symptoms of urinary incontinence in women who underwent intensive pelvic floor
training during pregnancy and after delivery. At 3 months postpartum, 20% of women
reported urinary incontinence symptoms versus 32% in the control group (48).

Exercise and Bone Mineral Density Loss
Breast-feeding places high demands on the calcium reserves of new mothers, which can
potentially lead to decreased bone mineral density (BMD) in women with low body
weight and inadequate dietary calcium intake. Decreases of 4-6% in lumbar spine BMD
have been reported during the first 6 months of lactation (29). To date, few studies have
provided strong evidence that supports a reduction in BMD loss in exercising postpartum
women (23, 42). More clinical studies are needed to address the potential effect of
exercise on the attenuation or prevention of lactation-induced bone loss.
Research studies related to exercise in the Post-partum currently support exercise
as a therapeutic intervention for healthy lifestyle without adverse effects. It is
recommended that detailed post partum guidelines be developed.
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SUMMARY OF CLINICAL RECOMMENDATIONS:
The current Joint SOGC/CSEP Clinical Practice Guidelines for exercise in pregnancy
encourage all women, without known contraindications (see Appendix 1
http://www.sogc.org/guidelines/public/129E-JCPG-June2003.pdf), to participate in regular
moderate-intensity exercise during their pregnancy. The recommendations are specific to
low-risk and uncomplicated pregnancies, irrespective of the women’s pre-pregnancy
level of fitness (22). Pregnant women, before the start of any exercise program, should
be made aware of the warning signs (see Appendix 2, 51) to stop exercise and seek
medical attention (51).
Current guidelines recommend the use of the PARmed-X for Pregnancy (see Appendix 3
http://uwfitness.uwaterloo.ca/PDF/parmedx.pdf) as a tool for screening women interested in
participating in physical activity during pregnancy (22). Parts A and B are completed by
the patient and aim to supply their obstetric care providers with knowledge of underlying
medical problems, and/or previous or current pregnancy complications. The patient’s
current fitness status, future exercise goals and lifestyle factors are also identified in Part
B. Absolute and relative contraindications to exercise in pregnancy are presented in Part
C. If absolute contraindications are identified, the risk to both mother and fetus
outweighs any exercise-associated benefits. If relative contraindications are identified,
the safety of exercise must be assessed on an individual basis with careful and continual
maternal-fetal surveillance.

General Rules:
1st Trimester: Maintenance of pre-pregnancy activity level
2nd Trimester: Increase training, if desired, by 5-10%
3rd Trimester: Maintain exercise level and reduce impact
 Warm-up and cool-down exercises are recommended with each exercise sessions,
including range of motion exercises and static stretching for major joints and
muscle groups, respectively (22, 67).

Frequency:


Women who have been exercising prior to pregnancy may continue their regular
exercise regimen during pregnancy, by following the PARmed-X guidelines.
10
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Women who did not exercise regularly prior to pregnancy should not start an
exercise program until the second trimester.
It is currently recommended to exercise at a frequency of 3 times per week,
progressing to a maximum of 4 to 5 times per week.

Intensity:





Heart rate is less reliable in pregnancy for determining exercise intensity.
The modified heart rate target zones, as outlined in the PARmed-X, are
recommended for use in measuring exercise intensity in pregnant women.
Borg’s 15-point Rating of Perceived Exertion (RPE) scale and the “talk test” are
recommended as alternate methods of quantifying exercise intensity. A target
range of 12 to 14 is suggested in pregnancy.
The “talk test” implies that a pregnant woman can carry on a verbal conversation
during exercise, if she is exercising at a safe intensity.

Time:



When first beginning an exercise program, it is recommended that the woman
begin with 15 minutes of continuous exercise.
The duration of exercise may be gradually increased, as pregnancy progresses, to
30 minute sessions.

Type:







Aerobic and strength-conditioning exercises are recommended in pregnancy.
Less strenuous but continuous aerobic exercise (i.e. brisk walking, stationary
cycling, cross-country skiing and swimming) are recommended.
Avoid any exposure to hyperbaric, hyperthermic, humid or hypoxic
environmental conditions.
Avoid aerobic activities with increased risk of blunt abdominal trauma and loss of
balance (i.e. downhill skiing, horse-back riding, gymnastics).
Avoid exercises in supine position after the fourth month of pregnancy, to prevent
hypotensive episodes. Avoid breath-holding during weight-training exercise.
Abdominal exercises are not recommended if diastasis recti develops.
11
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