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Abstract and Introduction

Abstract

The American College of Obstetricians and Gynecologists recommends that women with low-risk pregnancies participate in moderate- intensity exercise during their pregnancy. Currently, only 15.1% of pregnant women exercise at the recommended levels, which is significantly lower than the general population's 45%. One potential reason is that exercise during pregnancy is perceived as risky. In this article, the authors provide a critical review of the literature examining the effect of exercise on pre-eclampsia, gestational diabetes, weight gain, labor and birth, and other issues associated with pregnancy. Overall, the evidence indicates that exercise during pregnancy is safe and perhaps even reduces the risk of preeclampsia and gestational diabetes. The evidence for weight gain and labor and birth (rates of cesarean sections, duration of labor) is mixed. Unfortunately, much of the research examining exercise during pregnancy is observational, and the few randomized controlled trials that do exist are small and inadequately powered. Taken together, given the potential benefits of exercise during pregnancy and the lack of evidence for harmful effects on the mother and newborn, practitioners should encourage their healthy pregnant patients to exercise. Practical guidelines for recommending exercise to pregnant women are presented.

Introduction

The American College of Obstetricians and Gynecologists (ACOG) recommends that women with low-risk pregnancies participate in moderate-intensity physical activity for 30 minutes or more each day on most, if not all, days of the week.[1] These recommendations are based on research indicating that exercise during pregnancy may be associated with reduced rates of preeclampsia, gestational diabetes, cesarean sections, low back pain, anxiety, nausea, heartburn, insomnia, leg cramps, and possibly excessive weight gain.[2,3] Currently, only 15.1% of pregnant women exercise at the recommended levels,[4] which is significantly lower than the general population's 45%.[5] 

Reasons for the low rate of exercise among pregnant women likely include the common perception that exercise during pregnancy is risky. Such concerns among the lay public have been reinforced by practitioners who have a history of discouraging women from exercising perhaps due to their own perceptions of increased risks of miscarriage, preterm labor, low infant birth rate, and other complications. Previous recommendations from the ACOG may have also played a role in perpetuating such perceptions. In 1985, the ACOG published its first exercise-during-pregnancy guidelines, which stated that active pregnant women should stringently limit the type, duration, and intensity of their exercise to minimize both fetal and maternal risk. In 1994, the ACOG modified these recommendations to state that "during pregnancy, women can continue to exercise and derive health benefits even from mild to moderate exercise routines. Regular exercise (at least three times per week) is preferable to intermittent activity."[6(p65)] However, the guidelines did not include any recommendations for inactive women.[6] The most recent recommendations published in 2002 by the ACOG state that pregnant women without contraindications should exercise, and women who were inactive prior to becoming pregnant can start an exercise program.[1] Despite the new ACOG recommendations encouraging pregnant women to exercise, pregnant women have been slow to take up exercise, and many physicians have been slow to deliver these recommendations to their patients.[7] 

Purpose of This Article

The purpose of this article is to review the literature examining the effect of exercise during pregnancy on maternal outcomes. The effect of exercise on newborn outcomes is beyond the scope of this article, and interested readers are encouraged to see comprehensive reviews on this topic.[8] In sum, research indicates that exercise during pregnancy has neutral or positive effects on newborn outcomes (eg, miscarriage rate, birth weight).[8] 

Unlike the recent Cochrane review published in 2006, which included only randomized and quasi-randomized trials,[8] we review both observational studies and randomized trials. The major limitations of the randomized trials are that they have been small and underpowered; therefore, we feel it is important to review the observational studies to provide practical guidelines and future directions for research. To better understand the context of our literature review, we first discuss the physiological changes that occur during pregnancy and the physiological effect of exercise during pregnancy.

Physiological Changes During Normal Pregnancy

Early in pregnancy, increases in estrogen, progesterone, and other hormone and substrate production, first from the corpus luteum and then from the placenta, lead to significant changes in maternal anatomy and physiology. These changes occur to promote the metabolic needs of the mother as well as the needs of the growing fetus. Maternal support for fetal growth and development includes substrate availability for hormone production and fetal nutrition, transport and exchange of nutrient substances between mother and fetus, and disposal of wastes, including heat, CO2, and other metabolic by-products.[9] There are recent detailed reviews describing physiologic changes in pregnancy due to exercise.[9-11] The major physiologic changes are described here.

Basal metabolism increases in pregnancy to support the increased work of pregnancy as well as an increase in maternal weight. Increased maternal energy demands to support the growing fetus may be as high as 300 kcal/ day, particularly in the second and third trimesters.[9,12] During pregnancy, women experience changes in carbohydrate metabolism characterized by fasting hypoglycemia and postprandial hyperglycemia. Plasma insulin levels are increased, and the observed state of peripheral insulin resistance in later pregnancy is believed to foster the necessary glucose supply to meet fetal growth needs.[12] Metabolic changes favor fat accretion in early pregnancy and lipolysis in later pregnancy. Blood volume in pregnancy increases by nearly half by term, with a relatively higher increase in plasma compared with red blood cells, resulting in a physiologic reduction in hemoglobin and hematocrit values. Systemic vascular resistance decreases during pregnancy, accommodating the increase in volume and resulting in a slight decrease in blood pressure, especially during the second trimester. Cardiac output increases in early pregnancy as a result of the decrease in vascular resistance. Resting heart rate also increases, beginning in early pregnancy, by approximately 10 to 15 beats per minute.[9,12] 

Consistent with the increase in systemic blood volume, renal blood flow and glomerular filtration increase as much as 50% during pregnancy, beginning in the first trimester. Increased rates of glomerular filtration along with reduced tubular reabsorption may result in urinary excretion of amino acids, water-soluble vitamins, calcium, and possibly glucose during normal pregnancy.[9,12] Transit time through the gastrointestinal tract is slower and may result in constipation.

Anatomic changes to the respiratory tract include a rise of approximately 4 cm in the diaphragm and a widening of the subcostal angle of about 2 cm, resulting in a small decrease in residual volume and overall lung capacity of 200 mL but no change in vital capacity. Functional reserve capacity and expiratory reserve volume are also lower by approximately 20% to 30%. Tidal volume, minute volume, and minute oxygen uptake increase throughout pregnancy. Airway conductance is increased and pulmonary resistance reduces, resulting in greater availability of oxygen compared with the increased needs during pregnancy. The increase in tidal volume is believed to raise PO and lower PCO and results in a partially compensated respiratory alkalosis via increased bicarbonate excretion by the kidney. These changes may result in women perceiving an increased need to breathe. Respiratory rate remains about the same as prior to pregnancy.[9,10,12] 

In the musculoskeletal system, increased hormone levels result in softening and relaxation in the joints, resulting in more mobility. As the gravid uterus increases in size, the center of gravity shifts and may result in increased curvature in the lower back and anterior flexion in the neck. Decreased venous return in late pregnancy as the uterus increases in size often results in edema of the lower extremities.[10,12] 

Effect of Exercise on Physiological Changes During Pregnancy

Concern for fetal well-being during exercise in pregnancy relates to having adequate uteroplacental blood flow to support fetal oxygen needs as well as adequate glucose and other substrates to support fetal growth, as well as to prevent fetal hyperthermia, particularly in the first trimester. The body of research available to date supports moderate levels of sub-maximal exercise during pregnancy as safe for both mothers and their developing fetuses. In fact, Clapp[13] argues that pregnancy and regular exercise complement each other because exercise increases fat for energy, which leads to an increase in availability of glucose and oxygen for the fetus. Because both regular exercise and pregnancy increase the need for substrates to support maternal and fetal needs, it is important that food intake be adequate to support an appropriate weight gain based on the Institute of Medicine guidelines (25-35 lbs for normal-weight women). Normal adaptations in the second half of pregnancy include insulin resistance, which may be improved by exercise. Finally, it is important to note that most of the research has been conducted in the second and third trimesters; therefore, the exercise recommendations are based on data from these trimesters.[9,10] The following section is a summary of studies examining the influence of exercise during pregnancy on maternal outcomes.

Literature Review of Exercise During Pregnancy

A Cochrane review published in 2006 identified 11 studies examining the effect of exercise during pregnancy on maternal and newborn outcomes.[8] This review included only randomized controlled or quasi-randomized trials of exercise prescribed during pregnancy. Observational studies were not included in this review. The studies from this review included 472 participants across 11 studies. On the basis of these studies, the authors concluded that exercise during pregnancy appears to improve or maintain fitness; however, the data are insufficient to conclude that exercise during pregnancy influences maternal and newborn outcomes. The review called for better and larger trials to make recommendations regarding the benefits and risks associated with exercise during pregnancy. To better understand the current state of the literature, we chose to include both randomized trials and observational studies in our review. Despite the limitations of observational studies (eg, causation cannot be inferred), they do provide some preliminary evidence regarding the effect of exercise during pregnancy on maternal outcomes and can provide direction for future randomized trials.

Studies for this article were collected via a literature search on PubMed (all available years), personal communications, and personal searches of files. The literature searched yielded 1016 articles, using the key words pregnancy and exercise or physical activity. We excluded articles that did not specifically look at the effect of exercise during pregnancy on maternal outcomes. For example, studies that examined the immediate effect of acute bouts of physical activity were not included. In addition, studies examining the effect of physical activity prior to pregnancy, but not during pregnancy, on maternal outcomes were not included. We also excluded studies that included both a diet and exercise component, given it would not be possible to determine if changes in diet or exercise influenced the outcome. Studies including diet versus diet plus exercise were included because it is possible to determine the effect of exercise in this case. The remaining 40 articles are the focus of this article.

Effect of Exercise During Pregnancy on Maternal Outcomes

Preeclampsia

The link between exercise during pregnancy and reduced risk of preeclampsia is fairly consistent across observational studies with the exception of 1 study (see Table 1 ). Specifically, Saftlas and colleagues[14] found that women who participated in any leisure-time exercise during pregnancy were less likely to develop preeclampsia than women who did not engage in regular exercise. Another study found that women who participated in any exercise were less likely to develop preeclampsia than women who were completely inactive.[15] Marcoux and colleagues[16] found that exercise during the first 20 weeks of pregnancy was associated with a reduced risk of preeclampsia and gestational hypertension. In addition, there was an inverse relationship between number of exercise sessions per week and risk of preeclampsia. Finally, relative to inactive women, those who were vigorously active during pregnancy experienced a 54% reduction of risk for preeclampsia, and those who engaged in light or moderate activities experienced a 24% reduction of risk. Contrary to these studies, Spinillo and colleagues[17] found that moderate/high physical activity was associated with an increased risk of severe preeclampsia. One major limitation of this study is that only occupational physical activity was assessed. Interestingly, this study did find that workers had a significantly lower risk of severe preeclampsia than unemployed individuals. 
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Table 1.


The Effect of Exercise on Preeclampsia

The relationship between exercise during pregnancy and risk for preeclampsia is less clear in randomized controlled trials. Specifically, a Cochrane review published in 2006[18] indicated that only 2 good-quality randomized controlled trials have examined the effect of exercise during pregnancy among women at risk for preeclampsia.[19,20] The number of participants in these trials was small (N = 33 and N = 16); therefore, power to detect differences between groups was low. For example, Yeo and colleagues[20] randomized pregnant women with a history of mild hypertension, gestational hypertensive disorders, or a family history of hypertensive disorder to either a laboratory-based exercise group or a control group. The exercise group exhibited lower diastolic blood pressure relative to the control group.

The other trial[19] did not assess pre-eclampsia as an outcome. The authors of the Cochrane review concluded that based on these studies, there is insufficient evidence to conclude that exercise decreases the risk of preeclampsia. Given that observational studies indicate that there may be a link between exercise and preeclampsia, large randomized controlled trials are needed to better understand the relationship between exercise and risk of preeclampsia.

Based on the Cochrane review, there is 1 ongoing randomized controlled trial examining the effect of exercise during pregnancy among 320 women with a history of preeclampsia.[21] In addition, Yeo[22] recently published a methods paper describing an ongoing randomized controlled trial examining the effect of exercise among sedentary pregnant women at risk for preeclampsia (N = 94 at the time of the methods paper publication). As the data become available from these 2 adequately powered studies, it is likely that the relationship between exercise during pregnancy and preeclampsia will be better understood.

Gestational Diabetes

Support for the influence of exercise on risk for gestational diabetes is less consistent relative to preeclampsia (see Table 2 ). For example, in a nested case control study, Saftlas and colleagues[14] found a protective effect for women who engage in moderate exercise, although overall leisure-time exercise and workplace activity were not associated with a reduced risk of gestational diabetes. Another study found that women who engaged in exercise during the first 20 weeks of pregnancy had a 48% reduced risk of gestational diabetes.[23] Two randomized controlled trials found no effect of exercise on blood glucose levels.[19,24] Specifically, Avery and colleagues[19] randomized pregnant women with gestational diabetes (N = 33) to either an exercise group (ie, engaged in 2 exercise sessions at the gym and 2 at home) or a control group. Participants were instructed to exercise at 70% of their maximum heart rate for 20 minutes, in addition to a 5-minute warm-up and 5-minute cool-down, at both the gym and at home. Results indicated no differences for blood glucose between the exercise and nonexercise groups, although the exercise group reported a modest increase in cardiorespiratory fitness relative to the control group. In another study, participants with gestational diabetes (N = 41) were randomly assigned to an exercise program or control condition.[24] Pregnancy-related complications did not differ between the study arms, although this study did not appear adequately powered to detect differences. The small samples (N = 33 and N = 41) were a major limitation of the 2 randomized trials. 
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Table 2.
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The Effect of Exercise on Gestational Diabetes

Two other studies found mixed support. For example, Brankston and colleagues[25] randomly assigned participants to diet alone or diet plus resistance training and found no differences regarding insulin prescription, but the exercise arm was prescribed significantly less insulin than those in the diet-alone arm. Dye and colleagues[26] conducted a retrospective survey among 12 799 pregnant women and found that exercise (defined as exercising 1 or more times per week) was not associated with gestational diabetes for women with a body mass index (BMI) less than 33, but it was for women with a BMI greater than 33.

Contrary to the above studies, some studies indicate support for the protective effect of exercise on gestational diabetes. Specifically, 1 prospective cohort study in 909 pregnant women found that compared with inactive women, women who engaged in any exercise experienced a 56% reduction in gestational diabetes risk, and women exercising more than 4.2 hours per week experienced a 76% reduction.[27] Another prospective cohort study found that light to moderate exercise was associated with reduced risk of abnormal glucose tolerance and gestational diabetes.[28] Finally, a small randomized controlled trial (N = 20) found that participants in a diet-plus-exercise intervention had better glycemic levels than a diet-alone arm.

Weight Gain

Data supporting the relationship between exercise during pregnancy and weight gain are mixed (see Table 3 ). Several studies have found no link between exercise during pregnancy and weight gain,[29-34] whereas other studies have found that women who exercised during pregnancy gained significantly less weight than women who did not engage in exercise.[35-37] Specifically, Olson and Strawderman[38] showed that women who reported a decrease in their exercise level during pregnancy had significantly greater gestational weight gain compared with women who either maintained or increased their exercise level. The inconsistencies across studies could be attributable to several factors, including how the study defined exercise and whether a comprehensive measure of physical activity was attained, the level of exercise achieved and maintained by women during pregnancy, and whether prepregnancy exercise level was controlled. Another methodological constraint is that body weight and not fat has usually been measured; the small number of studies that have addressed this issue have shown a slightly smaller increase in skinfold measures in pregnant women who exercised.[39] In addition, the importance of exercise may vary depending on gestational age. For example, Clapp and Little[36] found that compared with women who continued to engage in exercise during pregnancy, those who quit engaging in exercise during pregnancy gained a similar amount of weight in the first trimester but gained significantly more weight during the second and third trimesters. 

[ CLOSE WINDOW ]

Table 3.
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The Effect of Exercise on Weight Gain

In another study, pregnant women from Cree communities (n = 219) participated in either an intervention consisting of diet counseling and exercise sessions or control conditions.[40] No significant treatment group differences were found for the primary dependent variables (ie, weight gain, diet, plasma glucose levels and birth weights, and maternal weight at 6 weeks). Regarding exercise, participants in the intervention group were more likely to report sedentary behavior than those in the control group. Therefore, neither study successfully increased exercise among the participants, perhaps due to their primary focus on weight gain prevention.

Labor and Birth

Overall, studies support the link between exercise and more favorable labor and delivery outcomes, although the findings are somewhat inconsistent across studies (see Table 4 ). Regarding length of labor, most studies have found no association between exercise and shorter labor.[31,41-46] Some studies indicate that exercise during pregnancy is associated with a lower risk of cesarean section,[43,45,47] whereas others have found no relationship.[41,48,49] Finally, most studies have found no relationship between length of labor and exercise.[30,34,45,47,49-55] 
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Table 4.
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The Effect of Exercise on Labor and Birth

Other Concerns

Research indicates that women who exercise during pregnancy experience fewer side effects of pregnancy such as insomnia, anxiety, and somatic complaints than women who do not exercise.[56] For example, Sternfeld and colleagues[49] found that women who exercised at a level I (exercise that does not include vigorous walking at least 3 times per week for at least 20 minutes per session) or II (exercising at least 3 times a week and 20 minutes at a time, including vigorous walking) during pregnancy had lower symptom scores (eg, heartburn, nausea, round ligament pain, insomnia, and leg cramps) during the first and third trimesters than those exercising at level III (exercising less than 3 times per week) or IV (exercising less than once per week). In addition, Horns and colleagues[31] found that women who engaged in exercise (defined as 3 or more times per week, which was "sufficiently active to stress the cardiovascular system") during the last trimester of pregnancy reported fewer of the common discomforts associated with pregnancy (eg, swelling, leg cramps, fatigue, shortness of breath) than sedentary women.

Although there is a higher rate of mood disturbance during pregnancy,[57] few studies have examined the psychological effects of exercise in pregnant women.[58] Studies indicate improved mood overall during pregnancy and fewer symptoms of depression in the first postnatal week for women who participate in regular exercise (defined as exercising at least at moderate intensity 3-5 times per week for a minimum of 20 minutes each time) during pregnancy.[59] Another study found that women who began an exercise program during their pregnancy reported improvement in physical health and energy level relative to pregnant women not beginning an exercise program.[33] Finally, Hall and Kaufmann[43] found exercise to be related to an improvement in self-image.

Another study investigated the effect of exercise on low back pain by randomly assigning pregnant women (N = 212) to a supervised exercise program 3 times per week or a control group.[60] The exercise group reported reduced back pain intensity and greater flexibility of the spine relative to the control group. In another study, pregnant women (N = 16) randomly assigned to a weekly water gymnastics group reported reduced back pain relative to a control group.[61] 

Summary of Exercise During Pregnancy

Research indicates that exercise likely has a positive effect on maternal outcomes among pregnant women.[2] Observational studies suggest that exercise during pregnancy is related to various health benefits, including reduced rates of preeclampsia, hypertensive disorders of pregnancy, gestational diabetes, cesarean sections, low back pain, anxiety, nausea, heartburn, insomnia, and leg cramps.[14,43,49,56] In addition, some observational studies have linked exercise during pregnancy to a reduced risk of excessive weight gain,[29,33,46] although the findings across studies are somewhat conflicting.[62,63] Studies also indicate that newborn birth weight does not significantly differ between women who exercise and women who do not exercise during pregnancy.[34-36,62] 

One limitation is that many of the studies described above were observational; therefore, there is the potential for confounding results. For example, pregnant women who exercise may have different views on wellness and nutrition and/ or have better overall health than women who do not exercise during pregnancy, which may confound the relationship between exercise and maternal outcomes. Randomized controlled trials overcome this limitation; however, one problem with the randomized trials is that most of the studies required participants to complete the exercise sessions in a laboratory setting, which may not be generalizable to the read world. In addition, due to barriers associated with time, transportation, and child care, adherence may be low.

Another limitation is that many studies relied solely on self-reported exercise, and objective measures such as accelerometers were rarely used. In addition, the studies used a wide variety of self-report measures, which makes it difficult to compare across studies. Another limitation is that some studies defined exercise as exercising 1 or more times per week, which may be too low frequency-wise to detect differences between exercisers and nonexercisers. In summary, previous research studies have been limited by inadequate assessment measures and observational designs, which do not control for confounding factors. In addition, the few randomized controlled trials that were conducted had low power, had a small sample size, and lacked behavior strategies to encourage participants to maintain exercise in the longer term.

Future Directions

Based on the observational studies, there is preliminary evidence that exercise during pregnancy may be associated with many benefits, including reduced risk of preeclampsia, gestational diabetes, depressed mood, low back pain, and complications during delivery. In addition, the Cochrane review published in 2006 identified 11 randomized or quasi-randomized trials examining the effect of exercise on maternal and newborn outcomes. As mentioned previously, the authors of this review concluded that there is insufficient data to indicate that there are benefits of exercise due to the methodological and sample size concerns; however, there is also no evidence that exercise during pregnancy is harmful to the fetus or mother. To better understand the relationship between exercise and pregnancy-related outcomes, we need large, well-powered, methodologically sound randomized controlled trials examining the effect of exercise during pregnancy on maternal and newborn outcomes. As mentioned previously, at least 2 large ongoing trials have examined the effect of exercise during pregnancy on the risk of preeclampsia.[21,22] Given the importance of healthy birth outcomes and the high financial and human cost regarding birth-related complications, research in the area of exercise during pregnancy should be a priority.

Practical Implications

Based on the Cochrane review indicating a lack of evidence that exercising during pregnancy is harmful, the recommendations published in 2002 by the ACOG, and the observational studies suggesting that there are positive effects of exercising during pregnancy, we recommend that practitioners encourage their patients to exercise during healthy pregnancies. Specifically, we recommend that practitioners routinely counsel healthy pregnant women to engage in moderate-intensity exercise on 5 or more days per week for 30 minutes or more each day. However, practitioners should discourage exercise among pregnant women having "absolute" contraindications as described by the ACOG.[1] These "absolute" contra-indications include heart disease, restrictive lung disease, incompetent cervix, and multiple gestational risk for premature labor. In addition, exercise should be closely monitored among pregnant women who have "relative" contraindications as described by the ACOG,[1] including severe anemia, unevaluated maternal cardiac arrhythmia, chronic bronchitis, extreme morbid obesity, extreme underweight (BMI <12), history of extremely sedentary lifestyle, intrauterine growth restriction, orthopedic limitations, poorly controlled seizure disorder, poorly controlled hyperthyroidism, and heavy smoker. Pregnant women should discontinue their exercise program if any of the following occur: (1) persistent second-or third-trimester bleeding, (2) placenta previa after 26 weeks' gestation, (3) premature labor, (4) ruptured membranes, and (5) preeclampsia/pregnancy-induced hypertension. Finally, participants should be instructed to stop exercising if potential complications occur, including dizziness, shortness of breath, headaches, chest pain, muscle weakness, contraction, calf pain, decreased fetal movement, fluid leaking, or vaginal bleeding. The ACOG has published a pamphlet titled "Exercise During Pregnancy," (sales.acog .org), which summarizes the benefits of exercises, changes that occur in the body, how to get started, and things to watch for (eg, contraindications). A summary of practical advice to use when recommending exercise to patients follows.

During the first prenatal visit, health care providers should ask about recent and current exercise habits. Be sure to include type(s) of exercise, frequency, duration, and intensity and inquire about both aerobic and strength training exercise. Physical activity in the work environment should also be included. Consider the exercise history in light of the woman's past obstetrical and medical history and in terms of risk status for conditions such as preterm labor and hypertensive disorders that would preclude regular exercise or require modifications or additional monitoring based on specific health status and history.

For women who wish to exercise during pregnancy, evaluate the relative safety of their prepregnant/current exercise routine and make appropriate recommendations for pregnancy. The following tips are from recent publications and framed according to years of practical experience of one of the coauthors (ACOG, 2002)[9,10,64]:

· Women may perceive the slight dyspnea related to physiologic changes in the respiratory system but should not perceive substantial differences in exertion when exercising.

· Use the "talk test" to monitor intensity. Women should be able to talk while exercising if they are exercising at an appropriate level. If carrying on a conversation while exercising is difficult due to fatigue and "losing their breath," the intensity is considered too high. They should trust how they feel and adjust accordingly.

· Another guide to appropriate intensity is the Borg rating of perceived exertion (RPE) scale, a rating scale from 6 to 20, with 6 to 7 being "very, very light" and 19 to 20 being "very, very hard." Exercising at 12 to 14 represents a "somewhat hard" level, which is a safe level of exertion for most pregnant women.[10] Exercising above a Borg rating of 14 would typically be considered too high for pregnant women.

· Prepregnancy exercise routines can be modified to adhere to the "somewhat hard" level by reducing frequency/ intensity/duration. Walking may be a good alternative.

· If the woman has not been doing any regular exercise, walking daily or 4 to 5 days per week is an easy exercise to initiate. The woman should start with 10-minute walks and gradually work up to 30-minute bouts of walking.

· Women should be told about the potential benefits of exercise for themselves and the fetus and that there is a lack of evidence for any harmful effects. This may be a change of thinking from previous generations of pregnant women.

· Exercising in the fasting state and in very high heat and humid conditions is not recommended.

· Adequate hydration during exercise is important. Check urine color and maintain light yellow or straw color to monitor hydration. Exercise in loose, comfortable clothing that allows evaporation of sweat.

· Strength training should be assessed individually; in general, it is acceptable during pregnancy to use moderate resistance and multiple repetitions. In particular, abdominal exercises should be discontinued if significant rectus diastasis develops. Use of the Valsalva maneuver (a forced effort to exhale or strain against a closed airway, such as in coughing, a bowel movement, or heavy lifting) is discouraged.[10] 

· Exercise in the supine position should not be performed after the fourth month of pregnancy.

· Women should be sure to avoid forms of exercise where falls may lead to musculoskeletal injury or abdominal trauma such as horseback riding and downhill skiing. Scuba diving is also not recommended.[1] 

· Eating a healthy diet, including a wide variety of types of foods, according to appetite and maintaining a normal rate and amount of weight gain during pregnancy while exercising are important.

· Above all, reassure women that moderate exercise for healthy women with uncomplicated pregnancies is safe and to take a commonsense approach.

· If women wish to check their heart rate during exercise or use a heart rate monitor during exercise and choose to exercise at 60% to 80% of aerobic capacity, recent research suggests a target heart rate of 145 to 160 beats per minute (bpm) for fit pregnant women between ages 20 and 29 and 140 to 156 bpm for women aged 30 to 39. Women at lower fitness levels can use a heart rate range of 129 to 144 bpm between ages 20 and 29 and 128 to 144 bpm for those aged 30 to 39.[65] 

Summary

Despite the substantial health benefit of exercise during pregnancy (eg, reduced risk of preeclampsia, more favorable birth outcomes, and fewer common side effects of pregnancy such as insomnia, anxiety, and somatic complaints), rates of exercise among pregnant women are surprisingly low compared with the general population.[4,5] Practitioners should encourage exercise among healthy pregnant women by addressing the unique barriers to exercise experienced by pregnant women (eg, nausea, fatigue, outdated advice that pregnant women should refrain from exercise). For many women, pregnancy is a time for making health changes that improve both their own health and that of their unborn child. Therefore, pregnancy may serve as a "teachable moment" in which women make exercise a part of their everyday life, as well as improve the health of their pregnancy and newborn child.

[ CLOSE WINDOW ]

References

1. ACOG committee opinion: exercise during pregnancy and the postpartum period. Number 267, January 2002. American College of Obstetricians and Gynecologists. Int J Gynaecol Obstet. 2002;77:79-81. 

2. Morris SN, Johnson NR. Exercise during pregnancy: a critical appraisal of the literature. J Reprod Med. 2005;50:181-188. 

3. Impact of physical activity during pregnancy and postpartum on chronic disease risk. Med Sci Sports Exerc. 2006;38: 989-1006. 

4. Evenson KR, Savitz DA, Huston SL. Leisure-time physical activity among pregnant women in the US. Paediatr Perinat Epidemiol. 2004;18:400-407. 

5. Macera CA, Ham SA, Yore MM, et al. Prevalence of physical activity in the United States: Behavioral Risk Factor Surveillance System, 2001. Prev Chronic Dis. 2005;2:A17. 

6. Exercise during pregnancy and the postpartum period. ACOG Technical Bulletin Number 189 -- February 1994. Int J Gynaecol Obstet. 1994;45:65-70. 

7. Morgan MA, Hawks D, Zinberg S, Schulkin J. What obstetrician-gynecologists think of preconception care. Matern Child Health J. 2006;10(suppl):59-65. 

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

9. Weissgerber TL, Wolfe LA. Physiological adaptation in early human pregnancy: adaptation to balance maternal-fetal demands. Appl Physiol Nutr Metab. 2006;31:1-11. 

10. Wolfe LA. Pregnancy. In: Skinner JS, ed. Exercise Testing and Exercise Prescription for Special Cases: Theoretical Basis and Clinical Application. 3rd ed. Philadelphia: Lippincott Williams & Wilkins; 2005:377-391. 

11. O'Toole ML. Physiologic aspects of exercise in pregnancy. Clin Obstet Gynecol. 2003;46:379-389. 

12. Maternal physiology. In: Cunningham G, Leveno KJ, Bloom SL, Hauth JC, Gilstrap LC, Wenstrom KD, eds. Williams Oobstetrics. 22nd ed. New York: McGraw-Hill; 2005:121-150. 

13. Clapp JF III. Exercising Through Your Pregnancy. Omaha, NE: Addicus Books; 2002. 

14. Saftlas AF, Logsden-Sackett N, Wang W, Woolson R, Bracken MB. Work, leisure-time physical activity, and risk of pre-eclampsia and gestational hypertension. Am J Epidemiol. 2004;160:758-765. 

15. Sorensen TK, Williams MA, Lee IM, Dashow EE, Thompson ML, Luthy DA. Recreational physical activity during pregnancy and risk of preeclampsia. Hypertension. 2003;41:1273-1280. 

16. Marcoux S, Brisson J, Fabia J. The effect of leisure time physical activity on the risk of pre-eclampsia and gestational hypertension. J Epidemiol Community Health. 1989;43:147-152. 

17. Spinillo A, Capuzzo E, Colonna L, Piazzi G, Nicola S, Baltaro F. The effect of work activity in pregnancy on the risk of severe preeclampsia. Aust N Z J Obstet Gynaecol. 1995;35:380-385. 

18. Meher S, Duley L. Exercise or other physical activity for preventing pre-eclampsia and its complications. Cochrane Database Syst Rev. 2006;(2):CD005942. 

19. Avery MD, Leon AS, Kopher RA. Effects of a partially home-based exercise program for women with gestational diabetes. Obstet Gynecol. 1997;89:10-15. 

20. Yeo S, Steele NM, Chang MC, Leclaire SM, Ronis DL, Hayashi R. Effect of exercise on blood pressure in pregnant women with a high risk of gestational hypertensive disorders. J Reprod Med. 2000;45:293-298. 

21. Patrick T. Exercise intervention to reduce recurrent pre-eclampsia. Available at: http://crisp.cit.nih.gov/crisp/CRISP_LIB .getdoc?textkey=6750626&p_grant_num= 5R01NR005275-06&p_query=&ticket= 29748194&p_audit_session_id=197082414 &p_keywords=. Accessed December 2, 2006. 

22. Yeo S. A randomized comparative trial of the efficacy and safety of exercise during pregnancy: design and methods. Contemp Clin Trials. 2006;27:531-540. 

23. Dempsey JC, Butler CL, Sorensen TK, et al. A case-control study of maternal recreational physical activity and risk of gestational diabetes mellitus. Diabetes Res Clin Pract. 2004;66:203-215. 

24. Bung P, Artal R, Khodiguian N, Kjos S. Exercise in gestational diabetes: an optional therapeutic approach? Diabetes. 1991;40(suppl 2):182-185. 

25. Brankston GN, Mitchell BF, Ryan EA, Okun NB. Resistance exercise decreases the need for insulin in overweight women with gestational diabetes mellitus. Am J Obstet Gynecol. 2004;190:188-193. 

26. Dye TD, Knox KL, Artal R, Aubry RH, Wojtowycz MA. Physical activity, obesity, and diabetes in pregnancy. Am J Epidemiol. 1997;146:961-965. 

27. Dempsey JC, Sorensen TK, Williams MA, et al. Prospective study of gestational diabetes mellitus risk in relation to maternal recreational physical activity before and during pregnancy. Am J Epidemiol. 2004;159:663-670. 

28. 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;108:1200-1207. 

29. Kramer MS. Aerobic exercise for women during pregnancy. Cochrane Database Syst Rev. 2002;(2):CD000180. 

30. Magann EF, Evans SF, Weitz B, Newnham J. Antepartum, intrapartum, and neonatal significance of exercise on healthy low-risk pregnant working women. Obstet Gynecol. 2002;99:466-472. 

31. Horns PN, Ratcliffe LP, Leggett JC, Swanson MS. Pregnancy outcomes among active and sedentary primiparous women. J Obstet Gynecol Neonatal Nurs. 1996;25:49-54. 

32. Polley BA, Wing RR, Sims CJ. Randomized controlled trial to prevent excessive weight gain in pregnant women. Int J Obes Relat Metab Disord. 2002;26:1494-1502. 

33. Marquez-Sterling S, Perry AC, Kaplan TA, Halberstein RA, Signorile JF. Physical and psychological changes with vigorous exercise in sedentary primigravidae. Med Sci Sports Exerc. 2000;32:58-62. 

34. Clapp JF III, Kim H, Burciu B, Lopez B. Beginning regular exercise in early pregnancy: effect on fetoplacental growth. Am J Obstet Gynecol. 2000;183:1484-1488. 

35. Clapp JF III, Kim H, Burciu B, Schmidt S, Petry K, Lopez B. Continuing regular exercise during pregnancy: effect of exercise volume on fetoplacental growth. Am J Obstet Gynecol. 2002;186:142-147. 

36. Clapp JF III, Little KD. Effect of recreational exercise on pregnancy weight gain and subcutaneous fat deposition. Med Sci Sports Exerc. 1995;27:170-177. 

37. 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;86:559-564. 

38. Olson CM, Strawderman MS. Modifiable behavioral factors in a biopsychosocial model predict inadequate and excessive gestational weight gain. J Am Diet Assoc. 2003;103:48-54. 

39. Rossner S. Physical activity and prevention and treatment of weight gain associated with pregnancy: current evidence and research issues. Med Sci Sports Exerc. 1999;31(suppl):S560-S563. 

40. Gray-Donald K, Robinson E, Collier A, David K, Renaud L, Rodrigues S. Intervening to reduce weight gain in pregnancy and gestational diabetes mellitus in Cree communities: an evaluation. CMAJ. 2000;163:1247-1251. 

41. Clapp JF III, Dickstein S. Endurance exercise and pregnancy outcome. Med Sci Sports Exerc. 1984;16:556-562. 

42. Collings CA, Curet LB, Mullin JP. Maternal and fetal responses to a maternal aerobic exercise program. Am J Obstet Gynecol. 1983;145:702-707. 

43. Hall DC, Kaufmann DA. Effects of aerobic and strength conditioning on pregnancy outcomes. Am J Obstet Gynecol. 1987;157:1199-1203. 

44. Rice PL, Fort IL. The relationship of maternal exercise on labor, delivery and health of the newborn. J Sports Med Phys Fitness. 1991;31:95-99. 

45. Bungum TJ, Peaslee DL, Jackson AW, Perez MA. Exercise during pregnancy and type of delivery in nulliparae. J Obstet Gynecol Neonatal Nurs. 2000;29:258-264. 

46. Kardel KR, Kase T. Training in pregnant women: effects on fetal development and birth. Am J Obstet Gynecol. 1998;178:280-286. 

47. Beckmann CR, Beckmann CA. Effect of a structured antepartum exercise program on pregnancy and labor outcome in primiparas. J Reprod Med. 1990;35: 704-709. 

48. Magann EF, Evans SF, Newnham JP. Employment, exertion, and pregnancy outcome: assessment by kilocalories expended each day. Am J Obstet Gynecol. 1996;175:182-187. 

49. Sternfeld B, Quesenberry CP Jr, Eskenazi B, Newman LA. Exercise during pregnancy and pregnancy outcome. Med Sci Sports Exerc. 1995;27:634-640. 

50. Duncombe D, Skouteris H, Wertheim EH, Kelly L, Fraser V, Paxton SJ. Vigorous exercise and birth outcomes in a sample of recreational exercisers: a prospective study across pregnancy. Aust N Z J Obstet Gynaecol. 2006;46:288-292. 

51. Erkkola R, Makela M. Heart volume and physical fitness of parturients. Ann Clin Res. 1976;8:15-21. 

52. Hatch M, Levin B, Shu XO, Susser M. Maternal leisure-time exercise and timely delivery. Am J Public Health. 1998;88:1528-1533. 

53. Leiferman JA, Evenson KR. The effect of regular leisure physical activity on birth outcomes. Matern Child Health J. 2003;7:59-64. 

54. Orr ST, James SA, Garry J, Prince CB, Newton ER. Exercise and pregnancy outcome among urban, low-income, black women. Ethn Dis. 2006;16:933-937. 

55. Pompeii LA, Savitz DA, Evenson KR, Rogers B, McMahon M. Physical exertion at work and the risk of preterm delivery and small-for-gestational-age birth. Obstet Gynecol. 2005;106:1279-1288. 

56. Goodwin A, Astbury J, McMeeken J. Body image and psychological well-being in pregnancy: a comparison of exercisers and non-exercisers. Aust N Z J Obstet Gynaecol. 2000;40:442-447. 

57. Da Costa D, Larouche J, Dritsa M, Brender W. Psychosocial correlates of prepartum and postpartum depressed mood. J Affect Disord. 2000;59:31-40. 

58. Poudevigne MS, O'Connor PJ. A review of physical activity patterns in pregnant women and their relationship to psychological health. Sports Med. 2006;36: 19-38. 

59. Downs DS, Hausenblas HA. Exercising for two: examining pregnant women's second trimester exercise intention and behavior using the framework of the theory of planned behavior. Women's Health Issues. 2003;13:222-228. 

60. Garshasbi A, Faghih Zadeh S. The effect of exercise on the intensity of low back pain in pregnant women. Int J Gynaecol Obstet. 2005;88:271-275. 

61. Kihlstrand M, Stenman B, Nilsson S, Axelsson O. Water-gymnastics reduced the intensity of back/low back pain in pregnant women. Acta Obstet Gynecol Scand. 1999;78:180-185. 

62. Bell RJ, Palma SM, Lumley JM. The effect of vigorous exercise during pregnancy on birth-weight. Aust N Z J Obstet Gynaecol. 1995;35:46-51. 

63. Clapp JF III, Capeless EL. Neonatal morphometrics after endurance exercise during pregnancy. Am J Obstet Gynecol. 1990;163(pt 1):1805-1811. 

64. Soultanakis-Aligianni HN. Thermoregulation during exercise in pregnancy. Clin Obstet Gynecol. 2003;46:442-455. 

65. Mottola MF, Davenport MH, Brun CR, Inglis SD, Charlesworth S, Sopper MM. V02peak prediction and exercise prescription for pregnant women. Med Sci Sports Exerc. 2006;38:1389-1395. 

66. Brankston GN, Mitchell BF, Ryan EA, Okun NB. Resistance exercise decreases the need for insulin in overweight women with gestational diabetes mellitus. Am J Obstet Gynecol. 2004;190:188-193. 

67. Jovanovic-Peterson L, Peterson CM. Is exercise safe or useful for gestational diabetic women? Diabetes. 1991;40 (suppl 2):179-181. 

68. 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;108:1200-1207. 

69. Marquez-Sterling S, Perry AC, Kaplan TA, Halberstein RA, Signorile JF. Physical and psychological changes with vigorous exercise in sedentary primigravidae. Med Sci Sports Exerc. 2000;32:58-62. 

70. Olson CM, Strawderman MS, Hinton PS, Pearson TA. Gestational weight gain and postpartum behaviors associated with weight change from early pregnancy to 1 y postpartum. Int J Obes Relat Metab 2003;27:117-127. 

71. Prevedel TTS, Calderon IMP, Abadde J, Borges V, Rudge M. Maternal effects of hydrotherapy in normal women. J Perinat Med. 2001;29(suppl 1, pt 2): 665-666. 

72. Bungum T, Peaslee D, Jackson A, Perez M. Exercise during pregnancy and type of delivery in nulliparae. J Obstet Gynecol Neonatal Nurs. 2000;29: 258-264. 

73. Duncombe D, Skouteris H, Wertheim E, Kelly L, Fraser V, Paxton S. Vigorous exercise and birth outcomes in a sample of recreational exercisers: a prospective study across pregnancy. Aust N Z J Obstet Gynaecol. 2006;46:288-292. 

74. Evenson K, Siega-Riz A, Savitz D, Leiferman J, Thorp JJ. Vigorous leisure activity and pregnancy outcome. Epidemiology. 2002;13:653-659. 

75. Kardel K, Kase T. Training in pregnant women: effects on fetal development and birth. Am J Obstet Gynecol. 1998;178: 280-286. 

76. Misra DP, Strobino DM, Stashinko EE, Nagey DA, Nanda J. Effects of physical activity on preterm birth. Am J Epidemiol. 1998;147:628-635. 

[CLOSE WINDOW]

Authors and Disclosures

Beth Lewis, Melissa Avery, Ernestine Jennings, Nancy Sherwood, Brian Martinson and A. Lauren Crain, HealthPartners Research Foundation, Minneapolis, Minnesota (BL, NS, BM, ALC); University of Minnesota, Minneapolis, Minnesota (MA); and Brown Medical School & The Miriam Hospital, Providence, Rhode Island (EJ).

 

Reprint Address 

Beth A. Lewis, PhD, University of Minnesota, School of Kinesiology, 1900 University Avenue SE, 209 Cooke Hall, Minneapolis, MN 55455; e-mail: blewis@umn.edu .

Am J Lifestyle Med. 2008;2(5):441-455. © 2008 Sage Publications, Inc.

 

