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Abstract

BACKGROUND—We reviewed the published literature to assess the association between 

maternal periconceptional physical activity and the risk for major, non-chromosomal, birth defects 

and whether this varies by pre-pregnancy obesity.

METHODS—We conducted a systematic literature search of MEDLINE, EMBASE, and 

CINAHL databases. Data were abstracted from all articles that met our inclusion criteria and 

included information on physical activity intensity (mild, moderate, and vigorous) and modality 

(i.e., standing, lifting, other). We assessed occupational and recreational physical activity 

separately. The quality of included articles was assessed using the Newcastle–Ottawa Scale.

RESULTS—Of 3316 screened articles, 11 were included in this review. Of the four studies that 

assessed prolonged standing, two reported a positive association with risk for some birth defects; 

null associations were observed in the other two studies. Associations between heavy lifting or 

other occupational physical activity exposures and risk for birth defects were inconsistent. A 

protective association between leisure-time physical activity (i.e., active sports, swimming) and 

some birth defects (e.g., neural tube defects), was suggested by the results of two studies. Only 

one study reported assessment of possible effect modification by maternal body mass index 

(BMI).

DISCUSSION—Our review suggests that there may be some associations between occupational 

and leisure-time physical activities and some, major non-chromosomal, birth defects, but 

relatively limited published research exists on these associations. Further research in this area 
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should include differentiation of birth defects phenotypes, valid assessments of all domains of 

physical activity, including household and transportation activity, and account for the potential 

influence of pre-pregnancy BMI.
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INTRODUCTION

Birth defects are a major contributor to infant mortality and lifelong morbidity. Two 

modifiable risk factors of importance today in terms of the spectrum of birth defects affected 

and risk factor prevalence are maternal pre-pregnancy diabetes and obesity (Correa et al., 

2008; Reece, 2008). Pre-pregnancy diabetes has been associated with increased risk for 

isolated and multiple defects involving most organ systems (Correa et al., 2008). Pre-

pregnancy obesity has been associated with several types of defects including neural tube 

defects, cleft lip (with and without cleft palate), and some cardiovascular defects (Waller et 

al., 2007; Stothard et al., 2009). The mechanisms underlying these associations are unclear 

but are hypothesized to be associated with fetal exposure to metabolic disturbances common 

to both diabetes and obesity. In 2005 to 2006, approximately 3% of U.S. childbearing-aged 

women had diabetes which was a larger prevalence than that in 1988 to 1994 (Cowie et al., 

2009). In 2007 to 2008, 34% of women ages 20 to 39 were considered obese (body mass 

index [BMI] >30 kg/m2; Flegal et al., 2010). Given the high prevalence of obesity and 

increased prevalence of diabetes, interventions to prevent and manage these conditions may 

help prevent birth defects.

In light of its effectiveness in reducing visceral adiposity and preserving insulin function 

(Kitabchi et al., 2005; Lee et al., 2005; Hordern et al., 2008; Hordern et al., 2012), physical 

activity has been recommended for the prevention and management of both obesity and 

diabetes (U.S. Department of Health and Human Services, 2008). In 2005, approximately 

50% of women of childbearing age met the U.S. Department of Health and Human Services 

recommendation of at least 30 minutes a day of moderate intensity activity five or more days 

a week or at least 20 minutes a day of vigorous intensity activity three or more days a week 

(Centers for Disease Control and Prevention, 2007). These data were self-reported and 

collected by the Behavioral Risk Factor Surveillance System. In 1999 to 2006, only about 

23% of U.S. pregnant women met the 2008 Department of Health and Human Services 

(2008) recommendation of at least 150 minutes per week of moderate intensity aerobic 

activity (Evenson and Wen, 2010). An increase in physical activity in these populations may 

reduce the risk of birth defects by altering diabetes and obesity prevalences among these 

women.

Although promotion of physical activity may in principle represent an important strategy to 

prevent birth defects, the association between periconceptional physical activity and birth 

defects is unclear. Previous systematic reviews have suggested that maternal physical 

activity may reduce the risk of adverse pregnancy outcomes often associated with diabetes 

and obesity, such as preterm delivery, stillbirth, and perinatal mortality (Domingues et al., 
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2009; Schlüssel et al., 2008; Takito et al., 2009). To our knowledge, there is no published 

systematic review of the effect of physical activity on birth defects. The objective of this 

review of the published literature was to assess how different types of physical activity (i.e., 

occupational, transportation, housework, and/or leisure-time) during the periconceptional 

period may influence the risk of major birth defects in offspring and the extent to which this 

influence might vary by maternal pre-pregnancy obesity.

MATERIALS AND METHODS

Study Selection and Data Abstraction

We conducted a systematic literature search of MEDLINE, EMBASE, and CINAHL from 

the start of each database (1954, 1988, and 1989, respectively) through February 2011 with 

no language restrictions. We used combinations of the search terms ‘physical activity’, 

‘pregnancy/periconception’, and ‘birth defects’ in addition to specific types of exercise and 

specific defect groups. The complete search strategy is provided in (supporting online 

information) Appendix 1. We searched for original research studies of case-control, cohort, 

clinical trial, and cross-sectional design. The search strategy was developed by three authors 

(JT, MEC, and AC) with the assistance of a medical librarian. All major birth defects were 

included in the review except for the following: chromosomal disorders (due to the genetic 

causes of these disorders), the category of multiple anomalies that includes syndromes, other 

recognizable syndromes, and defects that are exceedingly rare or are poorly ascertained/

classified. Studies that included chromosomal anomalies in addition to other major structural 

birth defects were included but only the eligible defects were considered as part of the 

review. Additional articles for inclusion were identified by screening the references of 

relevant articles.

Titles and abstracts of all articles were screened by at least two authors. Articles were 

excluded from further review if the abstract clearly indicated it did not meet our criteria 

(original studies that examined the association of physical activity during pregnancy and 

subsequent birth defects). Editorials, letters, commentaries, reviews, and animal studies were 

excluded. Full articles were reviewed for any manuscript whose title and abstract suggested 

it may meet our inclusion criteria. Articles were included if they provided a measure of the 

association (odds ratios, relative risks, prevalence difference) between levels of physical 

activity exposure and one or more major birth defect of interest, or provided data that could 

be used to calculate such a measure. Any periconceptional or prenatal physical activity (e.g., 

standing, sitting, heavy lifting, walking) from any domain (occupation, transportation, 

leisure-time, or housework) was included. Information including type of physical activity 

exposure, study design, and controlled covariates was abstracted from included articles by 

one author (JT or ALF) and confirmed by a second author (MEC).

Physical activity exposures were classified into three intensity categories: mild, moderate, 

and vigorous. If a given article did not describe the physical activity intensity, a 

classification was made by reviewers (JT and MEC) on the basis of the description and 

metabolic equivalent (MET) values in Ainsworth et al. (2000) for physical activity.
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Quality Assessment

The quality of each included article was assessed independently by two authors using an 

adapted version of the Newcastle–Ottawa Scale (NOS) for assessing the quality of 

nonrandomized studies in meta-analyses (Wells et al., 2010). Any discrepancies between the 

two independent quality assessments were discussed to reach an agreement on the NOS 

score for each article. The adapted NOS scale was tailored for the subject of this review and 

is presented in (supporting online information) Appendices 2 and 3.

RESULTS

Article Screening and Inclusion

Of the 3316 articles screened for inclusion in this review, 3169 were excluded after 

examination of the title and abstract (Fig. 1). We screened 147 full articles ultimately 

yielding 11 included articles. Common reasons for exclusion were lack of birth defects as an 

outcome and lack of information on physical activity as an exposure.

The included articles were composed of eight case control studies (Kyyrönen et al., 1989; 

Nurminen et al., 1989; Taskinen et al., 1990; Lin et al., 1998; Lerman et al., 2001; 

Carmichael et al., 2002; Judge et al., 2004; Iszatt et al., 2011) and three cohort studies 

(McDonald et al., 1988; Clapp, 1989; Juhl et al., 2010; Tables 1A, B). Six of the 11 included 

articles assessed occupational physical activity (i.e., prolonged standing, heavy lifting), four 

assessed leisure-time physical activity (i.e., swimming, bicycling, active sports), and one 

article did not collect information on the setting of physical activity (Judge et al., 2004). No 

articles explicitly assessed household or transportation activities. Specific birth defects 

examined included neural tube defects, orofacial clefts, hypospadias, and cardiovascular 

malformations. Some articles and analyses did not differentiate between birth defects 

phenotypes, but rather examined “all cases” or “all congenital malformations.”

Study quality scores from the NOS assessment ranged from four to seven for case control 

studies (of nine points maximum) and from three to seven for cohort studies (of eight points 

maximum). Overall, studies used high quality methods of outcome assessment with some 

differentiating between birth defect phenotypes. According to our assessment, key 

limitations in the majority of studies were potential confounding and measurement error in 

the assessment of physical activity exposure. One covariate not assessed by most studies 

was pre-pregnancy BMI. Of our 11 included studies, the study by Carmichael et al. (2002) 

was the only one to include pre-pregnancy BMI as a potential confounder in statistical 

analyses. This study also assessed whether there was interaction between this variable and 

the exposure of interest, periconceptional physical activity. Two additional articles collected 

information on participant BMI, but did not control for it in statistical analyses (Judge et al., 

2004; Juhl et al., 2010). The remaining eight articles did not collect this information. Below, 

we have summarized results relevant to occupational and leisure-time physical activity.

Occupational Physical Activity

Six studies assessed the association between occupational physical activity and one or more 

major, non-chromosomal, birth defect phenotypes or unspecified congenital malformations. 
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Occupational physical activities assessed included heavy lifting, prolonged standing, and 

any occupational physical activity with at least a moderate load. In this section, we also 

present the results of an additional study by Judge et al. (2004) that assessed exposures to 

heavy lifting and prolonged standing both in and outside of an occupational setting.

Heavy Lifting

Five articles (four case-control studies and one cohort study) examined the potential 

association between heavy lifting and birth defects, most of which focused on exposure 

during the first trimester (Table 2A). Data from the four case-control studies showed no 

significant associations between heavy lifting during pregnancy and the birth defects 

examined. Unspecified congenital malformations were the outcome of interest in three of 

these studies, while the fourth focused on congenital cardiovascular malformations. The 

definition of “heavy lifting” varied considerably, both in weight and frequency, between 

studies. For example, in Judge et al. (2004), the weight load had to be at least 50 pounds to 

count as “heavy lifting” but could occur at any frequency during pregnancy. Alternatively, 

Lerman et al. (2001) did not define the weight of a “heavy” load, but specified that the 

lifting activity needed to occur at least five times a week to be classified in the exposed 

group.

McDonald et al. (1988), the only cohort study that examined this association, observed 

significantly more infants with congenital hernias than expected who were born to mothers 

exposed to heavy lifting before 20 weeks of gestation (ratio of observed to expected: 1.73, p 

value < 0.05; hernia location was unspecified). This reported association was unadjusted for 

potential confounders and it was unclear whether exposure information was obtained using a 

validated instrument.

Standing

In four studies, investigators examined the association between standing during the 

periconceptional period and specific birth defects (Table 2B). Lin et al. (1998) observed a 

significant increase in the odds of oral cleft defects associated with a woman spending more 

than 75% of her working hours standing (odds ratio [OR], 1.75; 95% confidence interval 

[CI], 1.07–2.88), but they did not observe an association between neural tube defects (type 

not specified) and the same exposure. Nurminen et al. (1989) observed a significantly 

elevated odds ratio for the association between standing work (when compared to sedentary 

work) and central nervous system defects (OR, 1.7; 95% CI, 1.2–2.5), but did not observe 

significant associations with orofacial clefts, skeletal defects, or cardiovascular defects. In 

the other two studies (Judge et al., 2004 and McDonald et al., 1988), standing during 

pregnancy was not significantly associated with congenital cardiovascular defects nor 

musculoskeletal birth defects, respectively.

In studies that examined the association between standing and birth defects, investigators 

used different exposure definitions and reference groups. Some studies defined standing 

exposure during pregnancy by hours per week whereas others defined it as percent of work 

time a woman spent standing. Similarly, some studies used no prolonged standing as their 

reference group, whereas others used mixed sitting and standing.
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Other Occupational Physical Activity

In addition to heavy lifting and standing, three studies also examined the following 

occupational exposures during pregnancy: active/strenuous work, work with a moderate 

physical load, work involving walking, and overall physical effort (Table 2C). Nurminen et 

al. (1989) observed significantly elevated odds ratios for the associations of work with a 

moderate physical load during pregnancy with central nervous system defects and orofacial 

clefts (OR, 3.0; 95% CI, 1.6–5.5 and OR, 1.8; 95% CI, 1.1–3.0, respectively), but not with 

skeletal defects or cardiovascular defects. All of the associations presented in their article 

controlled for some potential confounding factors, including older maternal age and regular 

smoking. The association between work with a moderate physical load and central nervous 

system defects was the only significant adjusted result reported in the included studies on 

birth defects and this category of physical activity (occupational exposures other than lifting 

or standing).

McDonald et al. (1988) observed a significant association between physical effort before 20 

weeks and club foot. This association was not controlled for potential confounders and was 

also not seen with physical effort in other gestational periods. All other estimated measures 

of association were consistent with the null and/or crude estimates.

Leisure-Time Physical Activity

Leisure-time physical activity is a broad category including activities such as jogging, 

gardening, swimming, and bicycling. While in most of the studies in which these activities 

were examined the results were suggestive of a protective association between these 

exposures and some birth defects, only two studies had significant associations, only one of 

which was adjusted for potential confounders (Table 2D).

Carmichael et al. (2002) examined the association between seven categories of leisure-time 

physical activity and neural tube defects. All results suggested a protective association 

between physical activity during pregnancy and neural tube defects with odds ratios of less 

than one, and four of these associations were statistically significant (active sports, physical 

exercises, gardening, fishing or hunting, and frequent vigorous activity). In addition to 

examining different types of leisure-time physical activity, these authors created an index of 

total leisure-time physical activity. An increase in overall physical activity was significantly 

associated with a decrease in the odds of having a child with a neural tube defect, but only 

among women who did not take a multivitamin or mineral supplement during pregnancy 

(OR, 5 unit change in activity 0.72; 95% CI, 0.56–0.94). There was no suggestion from their 

results that the relationship between physical activity and neural tube defects was modified 

by pre-pregnancy obesity status (p value for the product term > 0.10; joint effect of 

exposures not reported).

Juhl et al. (2010) observed a significant protective association between swimming during 

pregnancy and having a child with “any congenital malformations” when controlling for 

alcohol consumption and offspring sex (OR, 0.89; 95% CI, 0.80–0.98). This association was 

not statistically significant when examining separate birth defect phenotypes (OR, 

circulatory system defects 1.01; 95% CI, 0.82–1.25; OR, respiratory system defects 0.59; 

Flak et al. Page 6

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2015 September 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



95% CI, 0.29–1.17; OR, cleft lip/palate 0.63; 95% CI, 0.35–1.13), although power to detect 

an association in these separate phenotypes was low (number of affected infants 108, 9, and 

13, respectively). No associations were observed between bicycling during pregnancy and 

the birth defects studied.

DISCUSSION

It is unclear from this systematic review whether there is an association between maternal 

occupational physical activity and major, non-chromosomal, birth defects. Our results did 

not suggest that there is an association between the birth defects examined and maternal 

occupational heavy lifting, but did suggest some associations between specific birth defects 

and prolonged standing and other occupational physical activity. Outside of the occupational 

domain, our results suggest that there may be a protective association between 

periconceptional leisure-time physical activity and some birth defect phenotypes. These 

initial findings merit further research among more diverse populations and phenotypes with 

better characterization of physical activity.

Our review identified gaps that need to be filled to have a full understanding of the roles of 

different types of physical activity and how they contribute to or decrease birth defects risk. 

As identified by our quality assessment, strengths of many completed studies on this topic 

are the separate examination of different physical activity domains, the ability to 

differentiate between birth defect phenotypes, and defect classification from medical 

records. An additional strength of completed research on this topic is the frequent use of a 

case-control study design which allows studies to detect modest associations with the 

relatively rare outcome of birth defects.

Limitations of published research on this topic include inadequate control for potential 

confounders, the use of limited and inconsistent exposure ascertainment methods, and in 

some studies, the inability to differentiate between potentially etiologically different 

phenotypes. When specific birth defect phenotypes were assessed, associations with 

physical activity were observed for some phenotypes, but not for others, which highlights 

the importance of continuing to differentiate between birth defects phenotypes in future 

research. In some studies, limitations in the assessment of physical activity may be the result 

of the focus on a main exposure other than physical activity. In future studies, potential 

confounders should be chosen based on previous findings and be specific to different birth 

defect categories. Physical activity exposure should be ascertained using biologic measures 

or questionnaires validated against better measurements, such as physical activity records, 

accelerometers, or biologic measures (e.g., the National Cancer Institute, 2010, summarizes 

findings from validation studies for physical activity questionnaires). As with other studies 

of physical activity during pregnancy, assessment should include physical activity from all 

domains (i.e., occupational, leisure-time, transportation, and housework) to achieve a 

comprehensive assessment of exposure (Chasan–Taber et al., 2007) as well as standardized 

measures of level of intensity of physical activity.

The heterogeneity of physical activity domains and intensities presents an important 

challenge in conducting these types of studies and drawing conclusions from their results. 
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The details and setting of the physical activity may both be important in determining its 

potential effects. For example, for heavy lifting exposure, it is important to not only measure 

whether or not an individual completes any heavy lifting, but also the weight of the load, the 

frequency of the lifting, and the time period during pregnancy when the lifting activity 

occurs. Physical activity may be acting as a surrogate for other periconceptional exposures. 

If this is the case, the same physical activity in an occupational setting and in a leisure 

setting may show different associations with birth defects. For example, heavy lifting in an 

occupational setting may be an indicator of a job that involves manual labor. In this 

scenario, a measure of heavy lifting could be a surrogate for a poor work atmosphere, stress 

caused by an environment out of one’s control, or low socioeconomic status. The same 

exposure in a leisure setting may not be associated with any of these conditions.

Previous research suggests that pre-pregnancy BMI modifies the relationship between 

gestational diabetes mellitus and birth defects (Correa et al., 2008). Given the complex 

relationship between obesity, diabetes, and physical activity, pre-pregnancy BMI may also 

modify the association between physical activity and birth defects. This association may 

depend on individual characteristics such as diet, lifestyle choices, and health conditions 

other than diabetes. Future research on this topic should assess the potential influence of pre-

pregnancy BMI and diabetes on these associations. A full list of recommendations for future 

research is included in Table 3.

Understanding whether or not there is a relationship between physical activity and birth 

defects is important for the prevention of these outcomes. Obesity and diabetes are both 

occurring at increasing rates in the United States. Physical activity can help prevent or 

manage both conditions. Although physical activity has this beneficial influence on obesity 

and diabetes, we do not yet understand its influence on birth defects. We also need to 

understand the detrimental association of physical activity and birth defects that has been 

observed in some studies to make recommendations to pregnant women. Currently, the U.S. 

Department of Health and Human Services (2008) and other organizations recommend 

pregnant women engage in moderate aerobic activity during pregnancy (ACOG, 2002; 

Kaiser and Allen, 2008). Future research on the possible association between physical 

activity and birth defects will help us better guide pregnant women to make healthy lifestyle 

choices before and during pregnancy while minimizing risks to their infant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flowchart of article selection.
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Table 2

A

Association between Occupational Exposure to Heavy Lifting and Birth Defects

Reference Outcome Exposure index Results OR (95% CI)

Judge 2004 Congenital cardiovascular malformations No heavy lifting 1.00 (reference)

Any heavy lifting 0.80 (0.57–1.11) Adjusteda

<10 hours/week 0.87 (0.58–1.30) Adjusteda

≥10 hours/week 0.68 (0.40–1.16) Adjusteda

Kyyrönen 1989 Congenital malformations unspecified No heavy lifting 1.00 (reference)

Any heavy lifting 0.66 (0.24–1.83)b

Lerman 2001 Congenital malformations unspecified No heavy lifting 1.00 (reference)

Any heavy lifting 0.98 (0.60–2.07)

5–25 times/week 1.06 (0.65–2.46)

>25 times/week 0.82 (0.32–2.11)

Taskinen 1990 Congenital malformations unspecified Heavy lifting (>10 kg) or patient 
transfers 5–49 times/week

0.9 (0.5–1.8)

Heavy lifting (>10 kg) or patient 
transfers ≥50 times/week

2.3 (0.4–12.9)

Results: Ratios of observed to expected 
counts

McDonald 1988 Club foot At any time 1.15

Before 20 weeks 1.31

20–27 weeks 0.96

28–31 weeks 1.04

Other musculoskeletal defects At any time 0.73

Before 20 weeks 0.75

20–27 weeks 1.29

28–31 weeks 0.44

Hernias At any time 1.46*

Before 20 weeks 1.73*

20–27 weeks 0.67

28–31 weeks 1.53

B

Association between Standing in an Occupational Setting and Birth Defects

Reference Outcome Exposure index Results OR (95% CI)

Judge 2004 Congenital cardiovascular malformations No prolonged standing 1.00 (reference)

Any prolonged standing 1.03 (0.82–1.28) Adjusteda

<25 hours/week 0.87 (0.63–1.18) Adjusteda

≥25 hours/week 1.14 (0.88–1.49) Adjusteda

Lin 1998 Neural tube defects Sitting and standing 1.0 (reference)
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B

Association between Standing in an Occupational Setting and Birth Defects

Reference Outcome Exposure index Results OR (95% CI)

Standing ≥75% 1.04 (0.57–1.89)

Oral cleft defects Sitting and standing 1.0 (reference)

Standing ≥75% 1.75 (1.07–2.88)*

Nurminen 1989 Central nervous system defects Sedentary work 1.0 (reference)

Standing work 1.7 (1.2–2.5)* Adjustedb

Orofacial clefts Sedentary work 1.0 (reference)

Standing work 1.0 (0.8–1.4) Adjustedb

Skeletal defects Sedentary work 1.0 (reference)

Standing work 0.9 (0.6–1.3) Adjustedb

Cardiovascular defects Sedentary work 1.0 (reference)

Standing work 1.5 (0.9–2.4) Adjustedb

Results: Ratios of observed to expected counts

McDonald 1988 Club foot At any time 1.13

Before 20 weeks 1.28

20–27 weeks 1.18

28–31 weeks 0.88

Other musculoskeletal defects At any time 0.93

Before 20 weeks 0.43

20–27 weeks 1.36

28–31 weeks 1.49

Hernias At any time 0.98

Before 20 weeks 1.07

20–27 weeks 0.90

28–31 weeks 0.87

C

Association between Exposure to Occupational Physical Activity other than Standing and Heavy Lifting and Birth Defects

Reference Outcome Exposure Index Results OR (95% CI)

Lin 1998 Neural tube defects Mixed sitting and standing 1.00 (reference)

Active/strenuous work including lifting 0.92 (0.47–1.78)

Oral cleft defects Mixed sitting and standing 1.00 (reference)

Active/strenuous work including lifting 1.32 (0.76–2.28)

Nurminen 1989 Central nervous system defects Sedentary work 1.0 (reference)

Work with moderate physical load 3.0 (1.6–5.5)* Adjusteda

Work involving walking 1.4 (0.8–2.5) Adjusteda

Orofacial clefts Sedentary work 1.0 (reference)

Work with moderate physical load 1.8 (1.1–3.0)* Adjusteda

Work involving walking 1.3 (0.8–2.1) Adjusteda

Skeletal defects Sedentary work 1.0 (reference)
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C

Association between Exposure to Occupational Physical Activity other than Standing and Heavy Lifting and Birth Defects

Reference Outcome Exposure Index Results OR (95% CI)

Work with moderate physical load 0.9 (0.5–1.8) Adjusteda

Work involving walking 0.7 (0.4–1.3) Adjusteda

Cardiovascular defects Sedentary work 1.0 (reference)

Work with moderate physical load 1.7 (0.7–4.0) Adjusteda

Work involving walking 2.0 (1.0–3.8) Adjusteda

Results: Ratios of observed to expected counts

McDonald 1988 Club foot At any time 1.22

Before 20 weeks 1.54*

20–27 weeks 1.81

28–31 weeks 0.54

Other musculoskeletal defects At any time 0.72

Before 20 weeks 0.43

20–27 weeks 1.22

28–31 weeks 0.87

Hernias At any time 1.51

Before 20 weeks 1.80

20–27 weeks 1.34

28–31 weeks 1.24

D

Association between Leisure-Time Physical Activity and Birth Defects

Reference Outcome Exposure index Results OR (95% CI)

Carmichael 2002 Neural tube defects No active sports 1.0 (reference)

Active sports 0.65 (0.48–0.90)*

No physical exercises 1.0 (reference)

Physical exercises 0.72 (0.55–0.96)*

No jogging or running 1.0 (reference)

Jogging or running 0.93 (0.64–1.33)

No swimming or long walks 1.0 (reference)

Swimming or long walks 0.77 (0.58–1.01)

No gardening, fishing, or hunting 1.0 (reference)

Gardening, fishing, or hunting 0.66 (0.48–0.92)*

No other physical activity 1.0 (reference)

Any other physical activity 0.95 (0.68–1.33)

No frequent vigorous activity 1.0 (reference)

Any frequent vigorous activitya 0.64 (0.48–0.87)*

1-unit change in index scoreb 0.97 (0.94–0.99)*

5-unit change in index scoreb 0.84 (0.74–0.94)*
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D

Association between Leisure-Time Physical Activity and Birth Defects

Reference Outcome Exposure index Results OR (95% CI)

10-unit change in index scoreb 0.70 (0.55–0.89)*

Iszatt 2011 Hypospadias No swimming 1.00 (reference)

Any swimming 0.74 (0.54–1.00) Adjustedc

Juhl 2010 Any congenital malformations No exercise 1.00 (reference)

Swimming 0.89 (0.80–0.98)* Adjustedd

Bicycling (no swimming) 0.94 (0.84–1.04) Adjustedd

Circulatory system defects No exercise 1.00 (reference)

Swimming 1.01 (0.82–1.25) Adjustedd

Bicycling (no swimming) 0.93 (0.73–1.19) Adjustedd

Respiratory system defects No exercise 1.00 (reference)

Swimming 0.59 (0.29–1.17) Adjustedd

Bicycling (no swimming) 0.61 (0.30–1.27) Adjustedd

Cleft lip/palate No exercise 1.00 (reference)

Swimming 0.63 (0.35–1.13) Adjustedd

Bicycling (no swimming) 1.17 (0.72–1.92) Adjustedd

Clapp 1989 Two cases of congenital abnormalities were identified in this sample of aerobic dancers (n = 32), runners (n = 41), and 
physically active controls (n = 21): an infant with subcoronal hypospadias born to an aerobic dancer, and an infant with 
digital webbing or partial syndactyly born to a runner.

a
Adjusted for maternal chronic diabetes, fever during pregnancy, binge drinking during early pregnancy, family history of congenital 

cardiovascular malformations, infant gender, caffeine consumption during early pregnancy, and maternal chronic asthma.

b
Odds ratio and confidence interval calculated from reported counts using: Bland and Altman. The odds ratio. BMJ 2000;320:1468.

*
p value < 0.05.

OR, odds ratio; CI, confidence interval.

a
Adjusted for maternal chronic diabetes, fever during pregnancy, binge drinking during early pregnancy, family history of congenital 

cardiovascular malformations, and infant gender.

b
Adjusted for work characteristics, maternal age of ≥35 years, birth order higher than three, two or more induced abortions, previous miscarriage, 

previous malformed child, previous stillbirth, regular smoking, alcohol consumption, intake of drugs in the first trimester, and common cold or 
fever in the first trimester.

*
p value < 0.05.

OR, odds ratio; CI, confidence interval.

a
Adjusted for work characteristics, maternal age of ≥35 years, birth order higher than three, two or more induced abortions, previous miscarriage, 

previous malformed child, previous stillbirth, regular smoking, alcohol consumption, intake of drugs in the first trimester, and common cold or 
fever in the first trimester.

*
p value < 0.05.

OR, odds ratio; CI, confidence interval.

a
Any frequent vigorous activity includes active sports, physical exercises, jogging or running, or swimming or long walks, which were engaged in 

“a few times a month” or more.
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b
A continuous physical activity index was created to quantify total physical activity by combining data on exertion and frequency of each physical 

activity type.

c
Adjusted for low birth weight, folate-supplement use during pregnancy, maternal smoking during weeks 6 through 18 of pregnancy, maternal 

occupational exposure to phthalates, and family income.

d
Adjusted for alcohol consumption and sex of the offspring.

*
p value < 0.05.

OR, odds ratio; CI, confidence interval.
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Table 3

Recommendations for Future Research on Prenatal Physical Activity and Birth Defects

1. Differentiate between birth defect phenotypes.

2. Treat different physical activity domains (occupational, leisure time, household, and transportation) as separate exposures.

3. Ascertain physical activity exposure using biologic measures or questionnaires validated against better measurements (e.g., physical 
activity records or accelerometers).

4. Choose potential confounders based on the results of previous studies that are specific to each birth defect examined.

5. Assess the potential influence of pre-pregnancy body mass index and diabetes on the associations between physical activity and birth 
defects.
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