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Abstract

Objectives: To perform a case-control study of maternal occupational physical activity and risk 

for orofacial clefts in Texas during 1999–2009.

Methods: We used logistic regression to assess 14 measures of physical activity estimated from a 

job exposure matrix, using the maternal occupational reported on the birth certificate, among 887 

children with cleft lip with or without cleft palate (CLP), 436 children with cleft palate only (CP), 

and 1932 controls.

Results: After adjusting for several potential confounders, seven measures of physical activity 

(as a categorical and/or continuous variable) were significantly associated with CLP, CP, or both. 

Positive associations were seen for keeping balance, kneeling, standing, and walking/running 

(odds ratio 95% confidence interval range 1.0–1.9 for fourth versus first quartile). A significant 
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positive trend was also seen for bending/twisting. Negative associations were seen for repetitive 

motion and sitting.

Conclusions: Maternal occupational physical activity may be related to the etiology of orofacial 

clefts.
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1 | BACKGROUND

Orofacial clefts are congenital malformations involving a failure of fusion in the lip 

and/or palate during early pregnancy. Cleft lip with or without cleft palate (CLP) occurs 

in approximately 11 in 10000 live births, whereas cleft palate only (CP) occurs in 

approximately 6 in 10 000 live births.1 These conditions are linked to increased morbidity 

(especially problems with feeding and language)2 and mortality,3 as well as substantial 

medical costs4 and psychosocial difficulties for both the infant and their family.5

Recognized risk factors for CLP and/or CP include infant sex6 and family history 

of orofacial clefts,7 as well as maternal smoking,8 pregestational diabetes,9 and age 

>35 years.10 Further, multiple studies have reported increased risk for CLP and/or CP 

in offspring among women in certain occupations, particularly occupations related to 

cleaning.11–14 A number of studies have assessed occupational chemical exposures (eg, 

associations between oral clefts and organic solvents have been reported12,15,16), but 

few studies have assessed occupationa behaviors and activities, and janitors and maids 

represent occupations with substantial physical activity.17 Further, it has been suggested 

that occupational and non-occupational physical activity may be associated with some 

nonsyndromic birth defects,18 though the biologic mechanisms involved are not clear and 

few studies have specifically assessed physical activities and CLP and/or CP. We evaluated 

the relationship between several domains of maternal occupational physical activity and risk 

for CLP and/or CP in liveborn children in Texas.

2 | MATERIALS AND METHODS

2.1 | Study subjects

Our analyses for this case-control study are based on data from the Texas Birth Defects 

Registry. The Registry is a statewide, ongoing population-based birth defects surveillance 

system maintained by the Texas Department of State Health Services Birth Defects 

Epidemiology and Surveillance Branch. The details of case ascertainment and data 

collection have been previously detailed.19 In brief, trained Registry staff conduct ongoing 

active surveillance of medical records at all hospitals, birthing centers, and midwife facilities 

in Texas. Cases are identified based on the presence of a documented structural birth defect 

or chromosomal abnormality diagnosed within 1 year of delivery. Each birth defect and 

chromosomal abnormality diagnosis is assigned a standard 6-digit modified British Pediatric 

Association (BPA) code.20 For the present analyses, we included cases with CLP (BPA 

codes: 749.100–749.220) or CP (BPA codes: 749.000–749.090) delivered between January 
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1, 1999 and December 31, 2009. Some cases from the Registry are also represented in 

national studies of birth defects (eg, National Birth Defects Prevention Study, National Birth 

Defects Prevention Network).21,22

The Registry routinely links liveborn cases to their corresponding birth certificates 

(maintained by the Center for Health Statistics of the Texas Department of State 

Health Services). These records include sociodemographic data and self-reported maternal 

occupation. Because maternal occupation is not reported on Texas fetal death certificates, 

our case group was restricted to live births. To limit etiologic heterogeneity, our analyses 

were restricted to “isolated” cases. Isolated cases were defined based on not having 

an additional major birth defect (as defined by the National Birth Defects Prevention 

Study23), malformation syndrome, or chromosome abnormality. We randomly selected 6000 

unmatched liveborn controls without birth defects (ie, not present in the Registry) during the 

same delivery period, among statewide Texas birth certificates. Our protocol was approved 

by the University of Texas Health Science Center at Houston and the Texas Department of 

State Health Services.

2.2 | Occupation classification

The process for maternal occupational assignment for these cases and controls, based on 

our previous linkage, has been recently described.14 Briefly, a 2010 Standard Occupation 

Classification (SOC) code was assigned to each mother. Given the large dataset, we 

used software from the National Institute for Occupational Safety and Health (NIOSH) 

(www.cdc.gov/niosh/topics/coding/overview.html) to automatically perform this assignment 

for most subjects, based on the free-text for maternal occupation and industry from the 

birth certificate, as well as age and education. In a minority of subjects (15.3%), automated 

coding did not produce an SOC code match, and manual assignment was performed.14 

We and others have reported good agreement between manual coding and automated 

coding using this software (eg, kappa: 0.96).14,24 For a minority (<1%) of subjects with 

more than one occupation listed on the birth certificate, the first eligible occupation was 

arbitrarily used, based on suggestions from NIOSH.25 Subjects with non-working mothers 

(62.1%) were excluded from our analyses, including those coded as housewives, students, or 

unemployed.

2.3 | Exposure assessment

We obtained data from the U.S. Department of Labor’s occupational information database, 

O*NET (http://www.onetonline.org),26 to use as a job-exposure matrix to estimate 

occupational physical activity. This database includes information from ongoing surveys 

of working subjects’ self-report of their occupational activities, including physical activities 

(eg, lifting, climbing, kneeling, standing, sitting) and other aspects of their job. These 

data have been used to estimate occupational physical activities in multiple prior studies 

of other outcomes,27–29 and such estimates have been shown to agree with self-reported 

exposure.30 We used O*NET version 20.1, which includes data from over 900 different 

occupations. Job-exposure matrixes (JEMs) were used for the amount of time spent in 

the occupation conducting nine different domains of occupational physical activity. These 

domains included bending/twisting, climbing ladders/scaffolds/poles, exposure to whole 
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body vibration, keeping/regaining balance, kneeling/crouching/stooping, making repetitive 

motions, sitting (an inverse measure of physical activity), standing, and walking/running. 

These data included the reported mean time spent performing the activity for each 

occupation (originally based on a 1 [never] to 5 [every day] scale).

JEMs were also available for the level of handling/moving objects needed for the 

occupation, as well as the level of overall general physical activity needed for the 

occupation. General physical activity was defined as “performing physical activities that 

require considerable use of your arms and legs and moving your whole body, such as 

climbing, lifting, balancing, walking, stooping, and handling materials.”31 For these two 

variables, the data included the mean reported level, originally scored on a scale ranging 

from 0 to 7 (eg, for general physical activity, 1 corresponded to “walk between work 

stations in a small office” and 6 corresponded to “climb up and down poles to install 

electricity”). JEMs were also available for the reported importance to the occupation of both 

handling/moving objects and overall general physical activity. For these two variables, the 

data included the mean reported importance, originally scored on a scale ranging from 1 

(“Not Important”) to 5 (“Extremely Important”).

Because two different scales were used for the variables in the survey (1–5 scale versus 0–7 

scale), we converted these values to standardized 0–100 scale, as recommended by O*NET 

(http://www.onetonline.org/help/online/scales). For each subject, we used the distribution of 

quartiles of this standardized variable for each domain in controls to assign a four-level 

categorical exposure variable.

2.4 | Statistical analysis

All analyses were conducted separately for CLP and CP. We tabulated counts and 

frequencies for characteristics of cases and controls, based on data from the birth certificate, 

using Chi-square tests (or Fisher’s exact test when any expected cell count was <5). Using 

unconditional logistic regression, we estimated crude and adjusted odds ratios (aORs) 

and 95% confidence intervals (CIs) for the relationship between the JEM-based estimated 

time spent performing each of the nine physical activity domains and risk for each cleft 

phenotype. In other words, subjects with the same occupation had the same exposure 

values for a given physical activity (based on four possible exposure levels). The adjusted 

models included co-variables selected a priori, based on previous literature: maternal age, 

race/ethnicity, education, diabetes, previous livebirths, and smoking. To assess P for trend, 

these adjusted analyses were repeated, modeling the time spent performing each physical 

activity domain as a continuous variable. All of the association analyses were repeated 

to also assess the relationship between the importance of handling/moving objects, as 

well as overall general physical activity, and risk for each cleft phenotype. To address 

potential correlation between exposures, given similar results observed for some variables 

(see Results section), we also computed Pearson’s correlation coefficients post-hoc for each 

unique pairwise combination of the 13 exposure variables assessed among controls. All 

analyses were conducted using SAS version 9.4 (SAS Institute, Inc., Cary, NC).
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3 | RESULTS

As previously described,14 the NIOCCS software assigned maternal occupation status/

category to 8646 subjects out of 10 207 potential total subjects. This included 6000 liveborn 

controls without birth defects and 4207 liveborn cases (2939 with CLP and 1268 with CP, 

after excluding 2782 non-isolated cases and 42 additional fetal deaths).14 We manually 

assigned the occupation status/category for the remaining 15.3% of subjects. Maternal 

occupation data were missing for <5% of birth certificates. Women who were classified 

as non-working women (N = 6,342; 62.1%) and working women that did not have SOC 

codes present in the O*NET database (N = 610; 6.0%) were excluded, leaving a total of 

3255 subjects analyzed (N = 887 cases with isolated CLP, 436 cases with isolated CP, and 

1932 controls). The frequency of maternal smoking was significantly higher (P < 0.05) in 

cases with CLP and CP than in controls and the distribution of maternal race/ethnicity also 

significantly differed (P < 0.05) between cases with CLP compared to controls (Table 1 and 

Supplemental Table S1).

We observed statistically significant associations between estimated time spent performing 

seven of nine domains of occupational physical activity and CLP, CP, or both (Table 

2), adjusted for potential confounders (crude results were similar and are not shown). 

Specifically, more versus less time kneeling/crouching/stooping was associated with both 

CLP (P for trend: 0.03) and CP (adjusted OR for quartile 4: 1.4, 95%CI: 1.1–1.9, P for 

trend: 0.01). There were associations between CLP and more versus less time bending/

twisting, keeping/regaining balance, standing, and walking/running (range of adjusted ORs 

for quartile 4: 1.2–1.3, range of P for trend 0.02–0.04). These domains were not associated 

with CP, with the exception of an association between the second versus first quartile of time 

spent walking/running (adjusted OR: 1.4, 95%CI: 1.0–1.9). (Due to whole body vibrations 

being a relatively rare exposure,29 more than 25% of women were represented in the lowest 

quartile group.)

Conversely, more versus less time sitting was inversely associated with CLP (adjusted OR 

for quartile 4: 0.7, 95%CI: 0.6–1.0, P for trend: 0.01) as well as CP (adjusted OR for quartile 

4: 0.7, 95%CI: 0.5–0.9). We also observed a protective association between CP and the 

second and third versus first quartile of time spent making repetitive motions. There were 

no associations observed between either CLP or CP and occupational time spent exposed to 

whole body vibrations or climbing.

We also conducted analyses to assess the effect of the level and importance of handling and 

moving objects and general physical activities to the occupation (Tables 3 and 4). These 

domains were not associated with CLP or CP.

Given similar results observed for some of the exposures assessed, we also computed 

Pearson’s correlation coefficients post-hoc for each unique pairwise combination among 

controls. Time spent sitting, standing, and walking/running were all correlated (correlation 

coefficient >0.8 or <-0.8), as were level and importance of handling and moving objects and 

general physical activities to the occupation.
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4 | DISCUSSION

We effectively used a JEM to estimate maternal occupational physical activities for 

the occupations reported. We observed weak associations between estimated time spent 

performing seven out of nine domains of occupational physical activity and CLP (bending/

twisting, keeping/regaining balance, standing), CP (making repetitive motions), or both 

(kneeling/crouching/stooping, walking/running, sitting). The majority of these associations 

involved significant trend tests and/or associations with the fourth versus first quartile of 

time spent on the activity. The protective association with more time spent sitting (an inverse 

measure of physical activity) is also consistent with the notion of increased risk with more 

time spent conducting occupational physical activity.

The similar observed associations of sitting, standing, and walking/running and CLP risk 

may be related to the correlation between these variables, though the different associations 

of these activities in relation to CP were not consistent with this notion.

The effect trends (eg, direction and magnitude) for some of these measures of estimated 

time spent conducting physical activities were similar for both CLP and CP (eg, kneeling/

crouching/stooping, sitting), whereas others were different between the two phenotypes (eg, 

bending/twisting). These findings may be consistent with previous reports of both etiologic 

similarities (eg, effects of smoking) and differences (eg, by infant sex) between CLP and 

CP.32–34

Both measures of the estimated level and importance of physical activities to the occupation 

(handling/moving objects and general physical activities) were not associated with either 

CLP or CP. These measures might reflect broad estimates of the intensity of occupational 

physical activity, though, given the observed correlation between all of these exposures, it 

may be difficult to make any inferences about intensity versus frequency and duration of 

occupational physical activities from the limited data that are available. For example, there 

were no available physical activities with data on all three characteristics (estimated time 

spent performing the activity, level, and importance).

Two previous studies have assessed maternal occupational physical activity (based on self-

report) and risk for CLP and/or CP,35,36 though both of these studies included non-isolated 

cases and had relatively small samples (N < 350 total cases, whereas the total number of 

cases in our study was nearly four times larger). Similar to our results, one study (that 

used expert rating of physical activity based on occupations assigned from responses on 

a self-administered questionnaire) reported an association between maternal occupational 

standing >75% of working hours and risk of orofacial clefts (OR: 1.8, 95%CI: 1.1–2.9),35 

but another study (based on expert review of occupational activities reported during an 

interview) did not find an association between work involving standing or walking.36 

We cannot rule out the possibility that some of our results might differ due to exposure 

misclassification introduced by the use of job ratings and reported occupational titles from 

birth certificates. Though we did not directly assess similar activities, one study reported 

an association between maternal occupational work involving a moderate physical load and 
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risk for orofacial clefts (OR: 1.8, 95%CI: 1.1–3.0),36 but an other study did not observe an 

association between orofacial clefts and active strenuous work, including lifting.35

When considered together, our findings and these previous results suggest that there may be 

a connection between maternal physical activity, including occupational physical activities, 

and the etiology of CLP and CP. It may be that certain activities are more involved 

than others and there is some suggestion that certain activities may have adverse effects 

while other activities have protective effects. The exact biologic mechanisms involved 

are unclear. In fact, as these physical activities are heterogeneous, it may be that each 

activity may involve unique, complex biologic mechanisms (eg, hemodynamic changes, 

changes in glucose homeostasis, physical compression, gravity changes, oxidative stress, 

thermal changes, and changes in hormones/analytes such as adrenaline). Thus, a better 

understanding of the relationships between physical activities and birth defects may 

require a stronger understanding of the basic biologic mechanisms involved in physical 

activities during pregnancy. It is also possible that observed associations with occupational 

physical activity may be influenced by unmeasured confounders, such as factors related to 

occupational exposures, behavioral differences between occupations with high versus low 

physical demands (eg, folic acid use), or occupational stress.

The strengths of this study include use of a large, population-based registry and restriction 

to two very homogeneous case groups (isolated CLP and CP). However, until confirmed 

by future studies, our findings should be interpreted cautiously, in light of the limitations 

of the study. Because of the relative rarity of birth defects, using a cohort to prospectively 

assess individual level maternal exposures is prohibitive, so retrospective approaches are 

typically used instead. Similar to previous studies,27,29 our available exposure data were 

limited in the characteristics of each physical activity (ie, timing, level/importance). The 

occupational physical activity was estimated based on a JEM, and our results are based 

on the accuracy of not only this JEM, but also on the accurate report of occupation on 

birth certificates and accurate classification of occupational categories. Further, typical 

limitations of JEM-based exposure assessment include the assumption that all subjects in 

the same occupation have the same exposure level. However, our use of a JEM likely 

limited the potential for recall bias,37 as we believe self-report of occupational physical 

activity is more likely to be subject to recall bias than self-report of occupation. In fact, 

our exposure assessment approach has been previously used for studies of other outcomes, 

including pregnancy outcomes.27–29 While previous studies suggest that some occupations 

may be under-reported on birth certificates,38–40 the distributions of major occupational 

groups among the controls in our study were similar to those among the National Birth 

Defects Prevention Study (ie, interview-based assessment),14,29 and potential occupational 

misclassification on birth certificates is thought to be non-differential by case status.38–40 

Our findings should be interpreted with regard to the multiple comparisons conducted, 

which included four comparisons (three based on categorical exposure and one based on 

continuous exposure) for each of 13 measurements of physical activity domains; however, 

these comparisons were not independent of one another, and the consistency among our 

results supports the notion that at least some of our findings were not due to chance alone. 

Our analyses were restricted to occupational physical activity, given the available data, but 

future studies could also integrate information on non-occupational physical activity.
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In summary, these findings support a weak association between estimated occupational 

physical activity and risk for CLP and CP. More research is needed to confirm and better 

understand these results.
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