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Physical Activity During Pregnancy and Postpartum:
What Have We Learned?

Overview

The development and introduction of the Physical Activity Guidelines for Americans in October, 2008 was a landmark occasion.! It
represented the culmination, at least to this date, of decades of research that has established a variety of health benefits of physical
activity for virtually everyone, regardless of age, gender, or physical capabilities. Importantly, this document included a section on
the role of physical activity during pregnancy and the postpartum period. It appears that pregnant women exercise nearly to the
same extent as their non-pregnant counterparts, particularly in early gestation. Using data from the 2000 Behavioral Risk Factor
Survey, Evenson? found that more than two-thirds of pregnant women reported they participated in some type of leisure-time
physical activity. Given the high prevalence of reported physical activity participation, it is important to understand the potential

risks and benefits of physical activity during pregnancy for women and their offspring.

Research on physical activity among pregnant women has occurred mainly in the latter quarter of the 20th century up until today.
Early research in the 1970s and 80s involved a very cautious approach and focused primarily on possible adverse effects, primarily

because (a) we knew little about women’s responses to exercise in general and (b) we

knew even less about such responses during pregnancy. More recently, investigators

have begun to focus on possible maternal and child health benefits related to physical
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activity participation during pregnancy. This paper will trace the development of
physical activity guidelines for pregnant women, discuss leisure-time and work-
related physical activity in relation to specific outcomes, and conclude with
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suggestions for future research.

ACOG Guidelines

The first US guidelines for women who chose to participate in leisure-time physical
activity (LTPA) during pregnancy were published in 1985 by the American College of
Obstetricians and Gynecologists (ACOG).? Not surprisingly, these were very
conservative, and based on the limited research data available at the time. In general,
the upper limit recommendation was roughly equivalent to the lower limit
recommendation suggested by the American College of Sports Medicine, for adults
who wished to exercise and maintain aerobic fitness.* Of note were the
recommendations not to let maternal heart rate exceed 140 beats per minute, and to
limit vigorous activity to no more than 15 minutes at a time. In addition, the ACOG
authors provided a number of absolute and relative contraindications to maternal
LTPA. Excessive maternal obesity and a history of extremely sedentary lifestyle were
included as relative contraindications.?> However, the authors did note that these 1985

guidelines were meant for a “general cross-section of the population.” They indicated



that “a physically fit pregnant patient may tolerate a more
strenuous program,” opening the door for chronic exercisers
to exceed the general recommendations written in the
guidelines, if they received the approval of their health care

providers.

As the result of over 600 published studies on LTPA and
pregnancy in the nine years following the original 1985
guidelines, ACOG revised the guidelines in 1994.5 In
general, the 1994 guidelines were less restrictive than those
published in 1985. The authors focused more on the broader
health benefits of LTPA, indicating that “at least three days
per week is preferable.”” In addition, the 140 beats per
minute heart rate restriction was removed from the

document.

The most recent revision of the ACOG Guidelines occurred
in 2002.¢ This document was the most progressive to date,
reflecting the many studies that showed significant benefits
from maternal LTPA, with little risk. Indeed, the authors
suggested that pregnant women without obstetric
complications should adopt the same recommendation that
was written for non-pregnant women. That is, “an
accumulation of 30 minutes or more of moderate exercise a
day should occur on most, if not all, days of the week.”
While these guidelines emphasized that a wide range of
recreational activities appear to be safe during pregnancy,
they advised against activities with a high potential for
falling or trauma such as contact sports, prolonged supine
activity, and scuba diving, due to concerns for fetal health

and comprised venous return of blood flow.

This historical look at exercise recommendations for
pregnancy leads us back to the 2008 Physical Activity for
Americans guidelines.' The overall statement regarding

exercise during pregnancy is as follows:

Healthy women who are not already highly active or
doing vigorous-intensity activity should get at least
150 minutes (2 hours and 30 minutes) of moderate-
intensity aerobic activity per week during pregnancy
and the postpartum period. Preferably, this activity
should be spread throughout the week.

Therefore, the most current ACOG and federal guidelines for

LTPA both emphasize the importance of regular moderate

intensity LTPA during healthy pregnancies. Participation in
vigorous intensity LTPA during pregnancy has been studied
little at the population level, thus upper limits for LTPA
intensity during pregnancy do not currently exist. Instead,
women who are vigorously active when entering pregnancy
are encouraged to maintain their activities throughout
pregnancy and postpartum, provided they remain healthy and

communicate openly with their health care providers.!

Recommendations for Weight Training

While literally hundreds of studies have been performed
evaluating the effects of aerobic activity on pregnancy, very
few studies have focused on resistance training.”- It should
be no surprise that this mode of activity also is mentioned
only briefly in the ACOG or recent federal guidelines for
LTPA during pregnancy.'- ¢ It is our belief that much of the
hesitation to study this area stems from the largely unknown
effect on the fetus. In theory, heavy lifting could reduce
blood flow in the uterine and umbilical vessels. However,
this has not been shown. In fact, two randomized controlled
trials of strength training during pregnancy have reported no
differences in length of gestation or birth weight between
exercise and control groups.”® Thus, it appears that strength
training during pregnancy is not associated with premature
birth or decreased birth weight, at least among healthy

pregnancies.

Given that many health clubs have pregnancy exercise
classes that include some sort of resistance training, it is
likely that evidence of adverse effects would have shown up
by now if the risk was significant. However, given the lack of
more empirical data, common sense indicates that women
wishing to weight train during pregnancy should work with a
health care provider and/or exercise professional to develop
programs that include low resistance, high repetition
exercises over most of the major muscle groups. In addition,
extra care should be taken to avoid supine positions as well
as breath holding (Valsalva) while lifting, and women should

not perform any lifts that compromise their balance.

Leisure-Time Physical Activity and
Birth Outcomes

As stated previously, early research efforts focused on the
general question of “are the mother and/or fetus harmed by
maternal physical activity?” Specific concerns included the

possibility of abortion, fetal hypoxia, acidosis, hyperthermia,



brain damage and altered growth.!® Many early studies were
done with animals, mainly rats and sheep, to evaluate
changes in uteroplacental blood flow, maternal temperature
regulation, and substrate utilization. The bulk of research
among humans has examined fetal heart rate, birth weight
measures (i.e., changes in mean birth weight or risk of low
birth weight), and risk of preterm delivery.

Fetal Distress

Fetal bradycardia that continues for an extended period of
time has been used as an index of fetal distress. While
transient bouts of fetal bradycardia were recorded in one
study following maximal cycle exercise in mid-pregnancy,
investigators found that none of the women studied had any
adverse events throughout the remainder of their
pregnancies, and birth outcomes were unremarkable.!" Of the
very few additional studies that have included maximal
aerobic exercise by pregnant women, adverse outcomes have
not been reported.!> Animal studies also have failed to
document lasting changes in uteroplacental blood flow, fetal
substrate delivery, or maternal temperature regulation.'?
Therefore it appears that maternal exercise does not

contribute toward lasting fetal distress.

Birth Weight

Early studies were concerned primarily with decreases in
mean birth weight and/or increased risk of low birth weight,
(2.5 kg) in relation to maternal LTPA. In the 1980s and 90s,
Clapp performed a series of prospective studies on maternal
exercise during pregnancy. His results showed that women
who continued vigorous exercise (at least 3 days per week,
30 min per day) throughout pregnancy delivered lighter
(~-300-500g) infants than those who stopped exercise earlier
in pregnancy; however, none delivered low birth weight
infants.'> 4 Similarly, Bell et al.'> found women exercising
5-7 days per week delivered significantly lighter babies
(~-315g) than non-exercising controls. However, women
who exercised 3-4 days per week appeared to deliver heavier
babies than the control women.

In contrast, when Hatch et al.!® prospectively studied more
than 800 pregnant women, they found that “heavy exercise”
(defined as >1,000 kcal/wk) was associated with

significantly heavier babies (~276 g) compared to non-

exercisers. In fact, there appeared to be a dose-response
effect between the amount of exercise performed by the

subjects, and birth weight. The findings of Hatch et al. do not

necessarily conflict with the results of the earlier studies as
Hatch et al.’s subjects gained more weight during gestation
and had lower weekly energy expenditures than the women
who delivered lighter babies in the Clapp et al. studies.
Several other investigators have demonstrated no
relationships between LTPA during pregnancy and mean
birth weight; however, methods of LTPA assessment have

varied widely.!7-1

Recently, researchers have begun to examine possible effects
of maternal physical activity on risk of macrosomia (birth
weight > 4.0-4.5 kg) or large for gestational age (birth
weight > 90th percentile for gestational age). Thus far, one
U.S. study and two studies of Norwegian women have found
that LTPA either prior to or during pregnancy was associated
with decreased odds of macrosomia or large for gestational
age.?*22 However, a recent prospective cohort study among
Danish women found no association between participation in
sports/LTPA during the second or third trimesters of
pregnancy and macrosomia.?? Discrepancies in results may
be due to underlying differences in the birth weight
distributions between study populations (the Danish study
had a much lower prevalence of macrosomia than the other
studies) and/or to methodological differences in defining

LTPA during pregnancy.

In summary, evidence for the effect of LTPA during
pregnancy on birth size is conflicting. While some studies
show that LTPA during pregnancy decreases mean birth
weight,'3-15 others report increases in birth weight,'® some
find no effect,!”-23 and others report that LTPA may
decrease risk of macrosomia without increasing risk of low
birth weight.?>->2 These apparently conflicting results are
likely due to methodological differences in assessing LTPA,
lack of or incomplete control for appropriate confounders,
and variability in the choice of insufficiently active vs.
completely sedentary control groups.?* 2> However,
inconsistent results might also reflect real differences in the
effects of physical activity on birth size between populations

of pregnant women.

While controlling for several maternal demographic
characteristics, past studies have failed to account for LTPA
participation prior to pregnancy, have measured LTPA in
only one or two trimesters, or have been based on small

and/or homogeneous samples. Despite these obstacles, the



majority of evidence suggests that LTPA during pregnancy
decreases birth weight modestly within the normal range and
may protect against giving birth to a macrosomic or large for
gestational age infant, but does not contribute to increased
risk of low birth weight or small for gestational age.?0->324.25
Given the inconsistencies of past research, however, more
research is needed to clarify the role of LTPA on the birth
weight distribution.

Preterm Delivery

Fewer studies have investigated LTPA in relation to length of
gestation. In 2006, a systematic Cochrane review of
controlled trials concluded that data were insufficient to
determine the effects of exercise on preterm delivery.?
However, a review of observational literature found that
exercise was associated with either a reduced risk or no
effect on preterm delivery.” More recently, data from two
birth cohorts (the Danish National Birth cohort and the
Pelotas Birth Cohort in Brazil) found that LTPA during
pregnancy was associated with a ~20-50% reduced risk of
preterm delivery even after controlling for socioeconomic
and body size variables.?”- 8 Thus, converging evidence
suggests that LTPA is associated with a decrease in risk of
preterm delivery. Future research is still needed to determine
whether a minimum threshold of activity needed for a

protective effect exists.

Risk of Preeclampsia

Aside from birth outcomes, several researchers have
examined LTPA in relation to maternal health during
pregnancy. Evidence from case-control studies indicates that
LTPA during pregnancy can reduce a woman’s risk of
preeclampsia, or pregnancy-induced hypertension, by about
one third.?*33! Similarly, two cohort studies in the U.S. and in
Norway also found that LTPA either prior to*? or during
pregnancy? contributed towards reduced risk of
preeclampsia. However, recent results from the Danish
National Birth Cohort showed that women reporting 270-419
or 2420 min/wk of LTPA in the first trimester had
significantly increased risk of developing severe
preeclampsia compared to women reporting no LTPA, while
lower amounts of LTPA were not significantly associated

with preeclampsia.*

While the bulk of evidence to date suggests that participation
in LTPA during pregnancy reduces the risk of preeclampsia,

results from the Danish National Birth Cohort point to the

possibility of an upper threshold above which LTPA may be
detrimental.’* Future studies with careful measurement of
both leisure-time and work-related physical activity at
several time points in pre- and early pregnancy are needed to
clarify dose-response and/or threshold effects with respect to

preeclampsia risk.

Gestational Diabetes Mellitus

Just as the case with individuals in the general population
who suffer from type II diabetes mellitus, LTPA has been
shown to be effective in the treatment of gestational diabetes
mellitus (GDM). Overall, most studies indicate that exercise
is a safe, and reasonably effective therapy.’>-3” More recently,
researchers have focused on the role of LTPA either prior to,
or during pregnancy, on GDM incidence.’® Results are
encouraging, but mixed. Dye et al.*® showed that exercise
prior to pregnancy exerts a preventive effect, primarily in
obese women. Dempsey et al. showed GDM risk was lowest
in women if exercise was performed both before and during
pregnancy.*® Finally, Zhang et al.*! and Oken et al.*> showed
that risk reduction was also a function of intensity, with
vigorous exercisers receiving the greatest preventive benefit.
All results to date, therefore, show that LTPA is associated
with reduced risk of GDM; however, the timing and dose of
LTPA needed to see a beneficial effect is still unknown. A
randomized controlled trial is being conducted currently to
test the efficacy of an LTPA intervention among high-risk
women to reduce the incidence of GDM and improve

measures of insulin sensitivity.*?

Weight Gain during Pregnancy and Postpartum
Weight Loss

As might be expected, physical activity during pregnancy
can play a significant role in curtailing excessive weight gain
during pregnancy. The Institute of Medicine has
recommended ranges for gestational weight gain for
underweight (28-40 Ibs), normal weight (25-35 Ibs),
overweight (15-25 Ibs), and obese women (11-20 lbs).*
Stuebe et al.*> showed recently that women who exercised
either moderately or vigorously for 30 min per day during
pregnancy were less likely to gain weight in excess of
Institute of Medicine recommendations. Similar results have
been found by others.*¢ 47 Mottola suggests that previously
sedentary women can help prevent excessive weight gain by
following the new Physical Activity Guidelines for
Americans recommendation of 150 minutes per week of

moderate to vigorous activity.*



There have been several studies evaluating the role of
exercise on postpartum weight loss as well, and the results
are very encouraging. A cross sectional study by Ohlin and
Rossner* showed that women who retained greater than 5 kg
(11 Ibs) of their pregnancy weight gain at one year
postpartum were significantly less active in their leisure time.
Sampselle et al.*® had approximately 1,000 women complete
a questionnaire at their six-week postpartum visit. Results
showed that women with greater LTPA retained 2-3 1bs less
weight at this time point compared to less active women. In
addition, the women received psychological benefits such as
enhanced socialization. One of the longest running
evaluations of the role of LTPA and postpartum health was
conducted by Rooney and colleagues.’->> Given the longer
time frame, their results focused on additional weight gain,
10-15 years later. The authors found that women who breast-
fed and participated in aerobic exercise had significantly
lower weight gains at 10 years follow-up. More importantly,
chronic disease risk factor development (e.g., diabetes,
dyslipidemia, hypertension) was related to weight gain and
obesity measured at 15 years follow-up. As was the case at
10 years, women who began and continued aerobic exercise
postpartum were less likely to have become obese after 15

years.

Work-Related Physical Activity
During Pregnancy

The bulk of research on work-related physical activity has
centered on outcomes of birth weight and length of gestation,
with particular interest in risk of low birth weight and
preterm delivery. Early studies found that women employed
outside the home delivered lighter infants compared to non-
working women and that jobs requiring mostly standing were
related to increased risk of low birth weight and preterm
delivery.>3-* Other investigators found that active-duty
military status was also related to increased risk of low birth
weight and preterm delivery, among other obstetrical
problems.>¢-3 Unfortunately none of these studies directly
measured work-related physical activity, relying instead on
job title classifications, and neither socioeconomic nor
nutritional factors were taken into account. In contrast, when
Klebanoff compared two groups of women of similar
socioeconomic background (female medical residents to
their classmates’ non-physician wives) he found no

differences in rates of adverse outcomes, suggesting that

previous results may have reflected the influence of

uncontrolled confounding factors.>

Recently, a systematic review evaluated the strength of
evidence for associations among five common occupational
exposures (prolonged working hours, shift work, time spent
lifting, time spent standing, and heavy physical work) and
risk of preterm delivery, giving birth to a small for
gestational age infant, and preeclampsia.® A total of 53
studies published from 1966-2005 were identified with 35
reporting associations with preterm delivery, 34 on birth
weight, and 9 on preeclampsia. The authors concluded that
findings relating prolonged working hours (=40 hrs/wk),
shift work, standing (>3 hrs/d) and lifting with preterm
delivery were generally consistent and indicated modestly
(10-30%) increased risk. In regards to risk of delivering a
small for gestational age infant, the available literature
indicated a majority of null relationships with all work
exposures; however, study quality was generally low.®* Only
nine studies evaluated work exposures and risk of
preeclampsia and findings were mixed, thus the evidence

base was deemed too limited to draw any firm conclusions.

In summary, available research on work-related physical
activity during pregnancy indicates few appreciable effects
on birth weight but a potential increased risk of preterm
delivery associated with prolonged work hours, standing,
lifting, and shift work.®® The majority of studies have relied
on retrospective reports, job title categorizations, and/or non-
validated scoring methods to assess work-related physical
activities. In addition, few have controlled for appropriate
confounders such as socioeconomic status, tobacco or
alcohol consumption, nutrition, or physical activity occurring
outside of work. Thus current results must be interpreted
with caution and future study involving more rigorous

measures is warranted.

Leisure-Time Physical Activity
During Pregnancy and Child Health
One of the latest areas of study is the effect of maternal
LTPA on offspring growth and development. At present, we
know that a) beginning or continuing recreational exercise
during pregnancy has no identifiable acute or chronic adverse
effects on the offspring and b) beginning or continuing
recreational exercise during pregnancy appears to have some

beneficial acute and chronic effects on the offspring.



There are few studies that have evaluated the role of LTPA
during pregnancy on offspring development. In 1996, Clapp®!
found that 5-year-old offspring of women who exercised
throughout pregnancy (n=20) scored higher on Wechsler
intelligence test scales and tests of oral language skills
compared to women who did not perform vigorous physical
activity either before or during pregnancy (n=20). In
addition, children of exercising mothers were lighter (~200g)
and leaner (~5% fat) at birth and continued to be lighter
(~1.5 kg) and leaner (~7 mm of total skinfolds) at five years
of age. These results provide preliminary support that LTPA
during pregnancy may have lasting effects on child body

size; however, the mechanism of effect is unclear.

Investigating the effect of LTPA during pregnancy on child
body size requires careful consideration of potentially
confounding or modifying factors. Other pregnancy
characteristics including maternal obesity, high pregnancy
weight gain, smoking, and diabetes during pregnancy all
increase risk for high birth weight and childhood overweight
status.o>%* Additionally, current LTPA levels of children are
inversely associated with body fatness (r = -0.52, p<0.01)
and active children gain significantly less body fat between
3-5 years of age compared to inactive children.® % Thus, the
possible impact of maternal LTPA on child body size should
be evaluated in light of the current activity level of the child
as well as descriptive information on maternal body size and

pregnancy conditions.

Conclusions and Future Directions

Research to date provides evidence of beneficial health

effects of LTPA during pregnancy, from a reduced risk of

maternal disease and preterm delivery, to lower risk of
macrosomia and possibly reduced fatness in offspring at
early childhood. While these preliminary results are
encouraging, the volume and quality of current research is
not ideal. It is important to note that the bulk of previous
research has been conducted among primarily white, middle
to upper-class women. It has been shown that Non-Hispanic
White race/ethnicity, nulliparity, >high school education,
maternal age >25 years, not smoking, and engaging in
structured exercise pre-pregnancy each are associated with
increased participation in LTPA during pregnancy.®’- % In
addition, reported barriers to LTPA during pregnancy include
fatigue, lack of time, nausea, physical discomfort, lack of
child care, and fear that exercise might be unsafe.®-70
Therefore, women who choose to engage in LTPA during
pregnancy may differ from women who do not in several

important ways that may impact their health status.

Future studies are needed to confirm previous reports of
beneficial effects among more diverse populations. More
objective means of assessing physical activity should be
used, and women'’s health-related fitness also should be
considered. In addition, multiple domains of physical
activity, including leisure-time, work-related, household, and
care-giving activities should be more systematically
quantified and studied in relation to maternal/child health
outcomes. There is great need for prospective, randomized,
exercise-intervention studies that include both short- and
long-term outcomes. While we have a long way to go, it is
exciting to discuss these issues that were barely being

considered a few decades ago.



Research indicates that health
care providers should encourage their
pregnant patients to be physically active
during pregnancy, if there are no
contraindications to do so. Such
participation 1s not harmful to
the maternal-fetal unit, and in fact,
may be of great benefit to the mother
both during pregnancy,
and after delivery.

James M. Pivarnik, Ph.D. and
Lanay M. Mudd, Ph.D.
Departments of Kinesiology and Epidemiology
Michigan State University
East Lansing, MI 48824

Please Post
President’s Council on Physical Fitness & Sports
200 Independence Avenue, S.W., Washington, DC 20201
(202) 690-9000 « FAX (202) 690-5211

7



References

1.

2.

20.

21,

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

U.S. Physical Activity Guidelines for Americans. U.S. Department of Health and Human
Services. http://www.health.gov/paguidelines: ODPHP Publication No. U0036; 2008.
Evenson KR, Savitz DA, Huston SL. Leisure-time physical activity among pregnant women
in the US. Paediatr Perinat Epidemiol 2004; 18:400-7.ACOG. Technical Bulletin: Exercise
during pregnancy and the postnatal period. Washington DC: American College of
Obstetricians and Gynecologists; 1985.

. ACOG. Technical Bulletin: Exercise during pregnancy and the postnatal period. Washington

DC: American College of Obstetricians and Gynecologists; 1985.

. American College of Sports Medicine. Position Statement on the Recommended Quantity

and Quality of Exercise for Developing and Maintaining Fitness in Healthy Adults. Sports
Medicine Bulletin 1978; 13:1-4.

. ACOG. Technical Bulletin No. 173. Women and exercise. Washington, DC: American

College of Obstetricians and Gynecologists, 1994.

. ACOG committee opinion. Exercise during pregnancy and the postpartum period. Number

267. American College of Obstetricians and Gynecologists. Int J Gynaecol Obstet 2002;
77:79-81.

. Hall DC, Kaufmann DA. Effects of aerobic and strength conditioning on pregnancy

outcomes. Am J Obstet Gynecol 1987; 157:1199-1203.

. Barakat R, Stirling JR, Lucia A. Does exercise training during pregnancy affect gestational

age? A randomized controlled trial. Br J Sports Med 2009; 42:674-8.

. Barakat R, Lucia A, Ruiz JR. Resistance exercise training during pregnancy and newborn’s

birth size: a randomized controlled trial. Int J Obesity 2009; 33:1048-57.

. McMurray RG, Mottola MF, Wolfe LA, Artal R, Millar L, and Pivarnik JM. Recent advances in

understanding maternal and fetal responses to exercise. Med Sci Sports Exerc 1993;
25:1305-21.

. Carpenter MW, Sady SP, Sady MA, Haydon B, Coustan DR, Thompson PD. Effect of

maternal weight gain during pregnancy on exercise performance. J Appl Physiol 1999;
68:1173-6.

. Wolfe LA, Weissgerber TL. Clinical physiology of exercise in pregnancy: a literature review.

J Obstet Gynaecol Can 2003; 25:473-83.

. Clapp JF Ill, Dickstein S. Endurance exercise and pregnancy outcome. Med Sci Sports

Exerc 1984; 16:556-62.

. Clapp JF Ill, Capeless EL. Neonatal morphometrics after endurance exercise during

pregnancy. Am J Obstet Gynecol 1990; 163:1805-11.

. Bell RJ, Palma SM, Lumley JM. The effect of vigorous exercise during pregnancy on birth-

weight. Aust NZ J Obstet Gynaecol 1995; 35:46-51.

. Hatch MC, Shu X0, McLean DE, Levin B, Begg M, Reuss L, Susser M. Maternal exercise

during pregnancy, physical fitness, and fetal growth. Am J Epidemiol 1993; 137:1105-14.

. Rose NC, Haddow JE, Palomaki GE, Knight GJ. Self-rated physical activity level during the

second trimester and pregnancy outcome. Obstet Gynecol 1991; 78:1078-80.

. Horns PN, Ratcliffe LP, Leggett JC, Swanson MS. Pregnancy outcomes among active and

sedentary primiparous women. JOGNN 1996; 25:49-54.

. Sternfeld B, Quesenberry CP, Eskenazi B, Newman LA. Exercise during pregnancy and

pregnancy outcome. Med Sci Sports Exerc 1995; 27:634-40.

Alderman BW, Zhao H, Holt VL, Watts DH, Beresford SA. Maternal physical activity in
pregnancy and infant size for gestational age. Ann Epidemiol 1998; 8:513-9.

Voldner N, Froslie KF, Bo K, Kaakstad L, Hoff C, Godang K, Bollerslev J, Henriksen T.
Modifiable determinants of fetal macrosomia: role of lifestyle-related factors. Acta Obstet
Gynecol Scand 2008;87:423-9.

Owe KM, Nystad W, Bo K. Association between regular exercise and excessive newborn
birth weight. Obstet Gynecol 2009;114:770-6.

Hegaard HK, Petersson K, Hedegaard M, Ottesen B, Dykes AK, Henriksen TB, Damm P.
Sports and leisure-time physical activity in pregnancy and birth weight: a population-
based study. Scand J Med Sci Sports 2009: epub DOI: 10.1111/j.1600-
0838.2009.00918.x.

Pivarnik JM. Potential effects of maternal physical activity on birth weight: brief review.
Med Sci Sports Exerc 1998;30:400-6.

Hegaard HK, Pedersen BK, Nielsen BB, Damm P. Leisure time physical activity during
pregnancy and impact on gestational diabetes mellitus, pre-eclampsia, preterm delivery
and birth weight: a review. Acta Obstet Gynecol Scand 2007; 86:1290-6.

Kramer MS, McDonald SW. Aerobic exercise for women during pregnancy. Cochrane
Database Syst Rev 2006; 3:CD000180.

Juhl' M, Andersen PK, Olsen J, Madsen M, Jorgensen T, Nohr EA, Andersen AM. Physical
exercise during pregnancy and the risk of preterm birth: a study within the Danish
National Birth Cohort. Am J Epidemiol 2008; 167:859-66.

Dominques MR, Barros AJ, Matijasevich A. Leisure time physical activity during pregnancy
and preterm birth in Brazil. Int J Gynaecol Obstet 2008; 103:9-15.

Marcoux S, Brisson J, Fabia J. The effect of leisure time physical activity on the risk of
pre-eclampsia and gestational hypertension. Am J Epidemiol 1989; 130:950-7.
Sorensen TK, Williams MA, Lee IM, Dashow EE, Thompson ML, Luthy DA. Recreational
physical activity during pregnancy and risk of preeclampsia. Hypertension 2003;
41:1273-80.

Saftlas AF, Logsden-Sackett N, Wang W, Woolson R, Bracken MB. Work, leisure-time
physical activity, and risk of preeclampsia and gestational hypertension. Am J Epidemiol
2004; 160:758-65.

Rudra CB, Sorensen TK, Luthy DA, Williams MA. A prospective analysis of recreational
physical activity and preeclampsia risk. Med Sci Sports Exerc 2008; 40:1581-9.
Magnus P, Trogstad L, Owe KM, Olsen SF, Nystad W. Recreational physical activity and risk
of preeclampsia: A prospective cohort of Norwegian women. Am J Epidemiol 2008;
168:952-7.

Osterdal ML, Strom M, Klemmensen AK, Knudsen VK, Juhl M, Halldorsson Tl, Andersen
AMN, Magnus P, Olsen SF. Does leisure time physical activity in early pregnancy protect
against preeclampsia? Prospective cohort in Danish women. BJOG 2009; 116:98-107.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Bung P, Bung C, Artal R, Khodiguian N, Fallenstein F, Spatling L. Therapeutic exercise for
insulin-requiring gestational diabetics: effects on the fetus—results of a randomized
prospective longitudinal study. J Perinat Med 1993;21:125-37.

Jovanovic-Peterson L, Durak EP, Peterson CM. Randomized trial of diet versus diet plus
cardiovascular conditioning on glucose levels in gestational diabetes. Am J Obstet
Gynecol 1989; 161:415-9.

Garcia-Patterson A, Martin E, Ubeda J, Maria MA, de Leiva A, Corcoy R. Evaluation of light
exercise in the treatment of gestational diabetes. Diabetes Care 2001; 11:2006-7.
Mottola MF. The role of exercise in the prevention and treatment of gestational diabetes
mellitus. Curr Diab Rep 2008; 8:299-304.

Dye TD, Knox KL, Artal R, Augry RH, Wojtowycz MA. Physical activity, obesity, and diabetes
in pregnancy. Am J Epidemiol 1997; 146:961-5.

Dempsey JC, Butler CL, Sorensen TK, Lee IM, Thompson ML, Miller RS, Frederick 10,
Williams MA. A case-control study of maternal recreational physical activity and risk of
gestational diabetes mellitus. Diabetes Res Clin Pract 2004; 66:203-15.

Zhang C, Solomon CG, Manson JE, Hu FB. A prospective study of pregravid physical
activity and sedentary behaviors in relation to the risk for gestational diabetes mellitus.
Arch Intern Med 2006; 166:543-8.

Oken E, Ning Y, Rifas-Shiman SL, Radesky JS, Rich-Edwards JW, Gillman MW.
Associations of physical activity and inactivity before and during pregnancy with glucose
tolerance. Obstet Gynecol 2006; 108:1200-7.

Chasan-Tabor L, Marcus BH, Stanek E 3rd, Ciccolo JT, Marquez DX, Solomon CG,
Markenson G. A randomized controlled trial of prenatal physical activity to prevent
gestational diabetes: design and methods. J Womens Health 2009; 18:851-9.

Institute of Medicine. Weight gain during pregnancy: Reexamining the guidelines. 2009.
Washington, DC: The National Academies Press.

Stuebe AM, Oken E, Gillman MW. Associations of diet and physical activity during
pregnancy with risk for excessive gestational weight gain. Am J Obstet Gynecol 2009;
201:58.e1-8.

Haakstad LA, Voldner N, Henriksen T, Bo K. Physical activity level and weight gain in a
cohort of pregnant Norwegian women. Acta Obstet Gynecol Scand 2007; 86:559-64.
Giroux I, Inglis SD, Lander S, Gerrie S, Mottola MF. Dietary intake, weight gain, and birth
outcomes of physically active pregnant women: a pilot study. App/ Physiol Nutr Metab
2006; 31:483-9.

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

Ohlin A, Rossner S. Trends in eating patterns, physical activity and socio-demographic
factors in relation to postpartum body weight development. Br J Nutr 1994; 71:457-70.
Sampselle CM, Seng J, Yeo S, Killion C, Oakley D. Physical activity and postpartum well-
being. J Obstet Gynecol Neonatal Nurs 1999; 28:41-9.

Rooney BL, Schauberger CW. Excess pregnancy weight gain and long-term obesity: one
decade later. Obstet Gynecol 2002; 100:245-52.

Rooney BL, Schauberger CW, Mathiason MA. Impact of perinatal weight change on long-
term obesity and obesity-related illnesses. Obstet Gynecol 2005;106:1349-56.

Naeye RL, Peters EC. Working during pregnancy: Effects on the fetus. Pediatrics 1982;
69:724-7.

Mamelle N, Laumon B, Lazar P. Prematurity and occupational activity during pregnancy.
Am J Epidemiol 1984; 119:309-22.

Teitelman AM, Welch LS, Hellenbrand KG, Bracken MB. Effect of maternal work activity on
preterm birth and low birth weight. Am J Epidemiol 1990; 131:104-13.

Fox ME, Harris RE, Brekken AL. The active-duty military pregnancy: A new high risk
category. Am J Obstet Gynecol 1977; 129:705-7.

Magann EF, Nolan TE. Pregnancy outcome in an active-duty population. Obstet Gynecol
1991; 78:391-3.

Ramirez G, Grimes RM, Annegers JF, Davis BR, Slater CH. Occupational physical activity
and other risk factors for preterm birth among US army primigravidas. Am J Public Health
1990; 80:728-9.

Klebanoff MA, Shiono PH, Rhoads GG. Outcomes of pregnancy in a national sample of
resident physicians. N Engl J Med 1990; 323:1040-5.

Bonzini M, Coggon D, Palmer KT. Risk of prematurity, low birthweight and pre-eclampsia
in relation to working hours and physical activities: a systematic review. Occup Environ
Med 2007; 64:228-43.

Clapp JF. The morphometric and neurodevelopmental outcome at five years of the
offspring of women who continued exercise throughout pregnancy. J Pediatr 1996;
129:856-63.

Dubois L, Girard M. Early determinants of overweight at 4.5 years in a population-based
longitudinal study. Int J Obes (Lond) 2006; 30:610-17.

Whitaker RC, Dietz WH. Role of the prenatal environment in the development of obesity.
J Pediatr 1998; 132:768-76.

Whitaker RC. Predicting preschooler obesity at birth: the role of maternal obesity in early
pregnancy. Pediatrics 2004; 114:¢29-36.

Davies PS, Gregory J, White A. Physical activity and body fatness in pre-school children.
Int J Obes Relat Metab Disord 1995; 19:6-10.

Moore LL, Nguyen US, Rothman KJ, Cupples LA, Ellison RC. Preschool physical activity
level and change in body fatness in young children. The Framingham Children’s Study.
Am J Epidemiol 1995; 142:982-8.

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

Fell DB, Joseph KS, Armson BA, Dodds L. The Impact of Pregnancy on Physical Activity
Level. Matern Child Health J 2009; 13:597-603.

Evenson KR, Moos MK, Carrier K, Siega-Riz AM. Perceived barriers to physical activity
among pregnant women. Matern Child Health J 2009; 13:364-75.

Mudd LM, Nechuta S, Pivarnik JM, Paneth N, MANCS. Factors associated with women’s
perceptions of physical activity safety during pregnancy. Prev Med 2009; 49:194-9.



