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Abstract

BACKGROUND—Few epidemiological studies have explored the relationship between orofacial 

clefts and bronchodilators. We assessed whether mothers who used bronchodilators during early 

pregnancy were at an increased risk of delivering infants with orofacial clefts.

METHODS—We used National Birth Defects Prevention Study case–control data from mothers 

of 2711 infants with orofacial clefts and 6482 mothers of live born infants without birth defects, 

delivered during 1997 through 2005. Information on medication use from 3 months before 

pregnancy through delivery was collected using a standardized interview . Logistic regression was 

used to estimate adjusted odds ratios (aOR) and 95% confidence intervals (CIs) for maternal 

bronchodilator use during the periconceptional period (1 month before pregnancy through the third 

month of pregnancy) while controlling for other covariates.

RESULTS—We observed an association between maternal bronchodilator use during the 

periconceptional period and cleft lip only (CLO) (aOR = 1.77, 95% CI: 1.08–2.88). The risk of 

cleft palate only (CPO) (aOR = 1.53, 95% CI: 0.99–2.37) was elevated but was not statistically 

significant. No association was observed for maternal bronchodilator use and the risk of cleft lip 

with cleft palate (aOR = 0.78, 95% CI: 0.46–1.31). The most commonly used bronchodilator was 
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albuterol (88.7%). Maternal albuterol use was associated with CLO (aOR = 1.79, 95% CI: 1.07–

2.99) and CPO (aOR = 1.65, 95% CI: 1.06–2.58).

CONCLUSIONS—We observed a statistically significant association between maternal 

bronchodilator use during the periconceptional period and the risk of CLO after controlling for 

other risk factors. It is unclear whether the increased odds ratios observed in this study are due to 

the bronchodilators, the severity of asthma, or both, or to chance alone. Further studies to 

disentangle the role of asthma or asthma medications would help clarify these findings.
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Introduction

Asthma is one of the most common chronic conditions that can complicate pregnancy. In 

recent national surveys (2000–2004) in the USA, ~8.4–8.8% of pregnant women reported 

asthma and 4.1% reported an asthma attack in the previous year (Kwon et al., 2006). From 

the same national surveys, pregnant women who were younger, unmarried, of lower income, 

Puerto Rican or who lived in the northeast USA experienced more asthma attacks or asthma-

related emergency visits during the previous year (Kwon et al., 2006). The National Asthma 

Education and Prevention Program recommends the continued use of appropriate asthma 

medications during pregnancy (NAEEP, 2005). Studies have suggested that well-controlled 

asthma is less likely to result in adverse reproductive outcomes than poorly controlled 

asthma (Murphy et al., 2005). Several epidemiologic studies have reported increased risks of 

adverse pregnancy outcomes among women with asthma, including pre-eclampsia, 

intrauterine growth restriction, preterm birth, perinatal death and congenital malformations 

(Demissie et al., 1998; Kallén et al., 2000, 2007; Tamasi et al., 2006).

Nevertheless, 39% of women with asthma reported discontinuing their asthma medication, 

reducing medication dosage or both during pregnancy in a survey of 501 asthmatic women 

of child-bearing age (Chambers, 2003).

Asthma is treated with anti-inflammatory agents to prevent acute exacerbations and with 

bronchodilators to control symptoms (NAEEP, 2005). Anti-inflammatory agents include 

inhaled and oral corticosteroids, mast cell stabilizers and leukotrine modifiers. 

Bronchodilators improve ventilation to the lungs by relaxing contractions of the smooth 

muscle of the bronchioles. Bronchodilators include β2-adrenegic agonists (beta-agonists), 

anticholinergic agents and theophylline; of these, beta-agonists are most commonly used to 

treat asthma. Bronchodilators are categorized as either quick-relief or rescue medications 

(short-acting beta-agonists and anticholinergics) or long-term control medications (long-

acting beta-agonists and theophylline). Teratogenic effects, including cleft palate, were 

found when bronchodilators (albuterol, theophylline) were administered to pregnant mice or 

rabbits (Szabo et al., 1975; Shibata et al., 2000). In epidemiological studies, the use of 

maternal oral corticosteroids (anti-inflammatory medications) during early pregnancy has 

been found to be associated with an increased risk of cleft lip, cleft palate or both 

(Rodriguez-Panilla and Martinez-Frias, 1998; Park-Willie et al., 2000; Carmichael et al., 
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2007); however, no known studies have evaluated associations between bronchodilators and 

specific birth defects.

Orofacial clefts are birth defects in which the tissues of the palate and/or lip fail to fuse 

properly during fetal development. In this study, we divided orofacial clefts into three 

groups: cleft lip with cleft palate (CLP), cleft lip only (CLO) and cleft palate only (CPO). As 

most studies do not separate CLP from CLO, it is unclear to what extent the epidemiologic 

features and origin of these defects differ. A recent study (Harville et al., 2007) suggests that 

epidemiologic assessments of orofacial clefts should, when possible, include separate 

analyses of CLP and CLO. In the USA, prevalence estimates of cleft lip with or without cleft 

palate (CL/P) and CPO are 10.48 and 6.39 per 10 000 live births, respectively (CDC, 2006). 

The etiology of these birth defects is not well understood; however, many studies suggest 

that both genetic and environmental factors are involved. A specific gene, interferon 

regulatory factor 6, was identified in 2004 (Zucchero et al., 2004), and polymorphisms in 

this gene result in a 3-fold increased risk of these defects. Several studies involving the 

exploration and analysis of candidate genes such as TK32B, EVC, PTCH1, SUMO1, TGFA 
and TNS1 have provided further evidence of their role in the causation of non-syndromic 

orofacial clefts (Beaty et al., 2009; Carter et al., 2009; Sull et al., 2010). In previous studies, 

orofacial clefts have been associated with older maternal and/or paternal age (Honein et al., 
2007; Green et al., 2010), exposure to organic solvents (Gordon and Shy, 1981; Chevrier et 
al., 2006), oral corticosteroid use (Carmichael et al., 2007), alcohol consumption (Romitti et 
al., 2007), cigarette smoking (Bille et al., 2007; Honein et al., 2007; Shi et al., 2007), less 

use of multivitamins (Itikala et al., 2001), race/ethnicity (Khoury et al., 1983; Croen et al., 
1998; Forrester and Merz, 2004), epilepsy and antiepileptic drugs (Dravet et al., 1992; 

Abrishamchian et al., 1994), and family history of orofacial clefts (Leite and Koifman, 

2009).

We are not aware of previous studies that explore the link between maternal bronchodilator 

use and orofacial clefts. The objective of the study is to assess whether mothers who used 

bronchodilators during early pregnancy were at an increased risk of delivering infants with 

orofacial clefts.

Materials and Methods

Design and study population

This analysis used data from the ongoing National Birth Defects Prevention Study 

(NBDPS), a multi-site, population-based, case–control study designed to evaluate the 

genetic and environmental risk factors associated with more than 30 categories of birth 

defects in the USA. Detailed methodology used in the NBDPS is described elsewhere (Yoon 

et al., 2001). Infants with single-gene disorders or chromosome abnormalities are excluded 

from the study. Adopted children, those in foster care, or those whose mothers did not speak 

English or Spanish are also excluded from the study. Clinical information abstracted from 

medical records was reviewed by clinical geneticists at each center, and strict criteria were 

used to determine case eligibility. In addition, a single clinical geneticist (S.A.R.) classified 

infants with orofacial clefts as isolated (an orofacial cleft, but no other major birth defects) 
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or as having multiple defects (one or more major, unrelated birth defects in addition to 

orofacial cleft) (Rasmussen et al., 2003).

The study population in this analysis included infants with orofacial clefts identified from 

birth defects surveillance systems in 10 states [Arkansas, California, Georgia (Centers for 

Disease Control and Prevention), Iowa, Massachusetts, New Jersey, New York, North 

Carolina, Texas and Utah]. Case infants included live births, fetal deaths of 20 or more 

weeks of gestation or greater than 550 g (nine sites), and elective terminations (eight sites). 

Control infants were live born infants without birth defects randomly selected from birth 

certificates or birth hospital records in the same geographic areas as the case infants. A total 

of 2773 case infants and 6652 control infants had estimated dates of delivery (EDD) from 1 

October 1997 through 31 December 2005. Infants (n = 6) whose mothers used the beta-

agonist terbutaline (which is used also to prevent preterm labor) and infants (n = 73) whose 

mothers did not complete the medications questions were excluded from the analysis. Also 

excluded were infants (n = 153) whose mothers used an anti-inflammatory medication 

commonly used to treat asthma but did not report use of a bronchodilator. All activities 

involved in this study were approved by the institutional review boards of each of the 

participating study centers and the Centers for Disease Control and Prevention.

Exposure assessment

Asthma medications are generally classified as bronchodilator or anti-inflammatory. The 

Boston University Slone Epidemiology Center Drug Dictionary, a computerized database of 

prescription and non-prescription drugs that links drug products to their respective active 

ingredients, was used to classify asthma medications.

In this study, we defined ‘exposed’ as any mother who reported use of a bronchodilator at 

least once during the period 1 month before conception through the third month of her 

pregnancy. This four-month period was designated as the periconceptional period in the 

analysis. It includes the time of lip and palate formation. Included as bronchodilators were 

all beta-agonists, anticholinergics and methyxanthines (theophylline) commonly used to 

treat asthma. In addition, we looked at the effect of using both bronchodilator and anti-

inflammatory asthma medication during the periconceptional period, which may be an 

indicator of asthma severity. Anti-inflammatory medications included were those commonly 

used to treat asthma. Anti-inflammatory asthma medications reported by study mothers 

included fluticasone, prednisone, beclomethasone, triamcinolone, cromolyn sodium, 

budesonide, montelukast, zafirlukast, methylprednisolone, flunisolide and prednisolone.

Mothers who reported using bronchodilators ‘as needed’ rather than reporting the timing of 

exposure were subjected to close examination to minimize misclassification. Those who 

used bronchodilators ‘as needed’, but the period of use could not be determined were 

removed from the main analysis. We attempted to determine the route of administration of 

the bronchodilator (oral or inhaled) based on the mother’s report or known formulation of 

the medication. However, because the route of administration was not available for many 

participants, the variable was not considered in the final analysis. In addition, we compared 

odds ratios for maternal bronchodilator use during the periconceptional period to those for 

use only after the third month of pregnancy (4th–9th months of pregnancy).
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Statistical analysis and potential confounders

We examined the crude association between orofacial clefts and maternal and infant 

characteristics, which included maternal age at delivery, BMI, parity, race/ethnicity, 

education, alcohol consumption, smoking habits, folic acid-containing vitamin use, cocaine/

crack use, marijuana use, fever during the first trimester, as well as infant sex. Associations 

between orofacial clefts and the use of vasoactive medicines, which included aspirin, 

ibuprofen, acetaminophen, pseudoephedrine, phenylpropanolamine and 

methylenedioxymethamphetamine, were also examined. In addition, we looked at 

associations between maternal and infant characteristics and bronchodilator use.

Bronchodilator use only and the combined use of bronchodilators and anti-inflammatory 

medications (fluticasone, prednisone, beclomethasone, triamcinolone, cromolyn sodium, 

budesonide, montelukast, zafirlukast, methylprednisolone, flunisolide and prednisolone) 

were evaluated in separate models for each type of orofacial cleft, including both isolated 

and multiple defects, as well as for isolated defects only. Exposure to albuterol use was 

examined separately for each type of orofacial cleft. Mothers who used anti-inflammatory 

medications were excluded from the analysis of bronchodilator use and orofacial clefts. The 

adjusted odd ratios (aOR) and 95% confidence intervals (CIs) were estimated using 

unconditional logistic regression. The following covariates were included in all models 

because of evidence in the literature that they may be associated with orofacial clefts or use 

of bronchodilators: maternal age at delivery, race/ethnicity, level of education, alcohol 

consumption, smoking habits, marijuana use, folic acid-containing vitamin use, vasoactive 

medication use and infant sex.

Results

A total of 2711 case infants, which includes 397 with multiple defects, were identified after 

excluding 2 case infants whose mothers used terbutaline (which is used also to prevent 

preterm labor), 14 case infants whose mothers did not complete the medication questions 

and 46 case infants whose mothers reported an anti-inflammatory medication commonly 

used to treat asthma but did not report use of a bronchodilator. Of the case infants included 

in the analysis, 614 had CLO, 938 had CPO and 1159 had CLP. A total of 6482 control 

infants were included in the final analysis after excluding 59 whose mothers did not 

complete the medication questions and 4 whose mothers used terbutaline and 107 infants 

whose mothers reported an anti-inflammatory medication commonly used to treat asthma 

but did not report use of a bronchodilator. Participation rates for the study were 74% among 

mothers of infants with orofacial clefts and 67% among control mothers. The median time 

between EDD and interview was 9 months for case mothers and 7 months for control 

mothers.

Table I shows the use of different bronchodilators among case and control mothers. Of the 

mothers who used bronchodilators (n = 247), 81 case and 138 control mothers used albuterol 

during the periconceptional period. Salmeterol was the second most frequently used asthma 

medication among case (n = 6) and control (n = 21) mothers.
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The associations between maternal and infant characteristics and orofacial clefts are shown 

in Table II. Compared with controls, crude analysis revealed that younger maternal age (≤29 

years old), low maternal BMI (< 18.5), low level of maternal education (≤12 years), 

maternal Hispanic race/ethnicity, male infant sex, maternal smoking and a family history 

were significantly associated with CLP; maternal use of folic acid-containing vitamins 

showed a protective effect with CLP, and maternal Hispanic race/ethnicity showed a 

protective effect with CLO and CPO. There was a protective effect between non-Hispanic 

black race/ethnicity and CLO, CPO and CLP. Maternal BMI, smoking, vasoactive 

medication use, male infant sex and a family history were associated with CLO. Finally, 

maternal smoking, female infant sex and a family history were associated with CPO. There 

was no significant difference between mothers of case infants with CLO, CPO and CLP, and 

mothers of control infants with regard to, parity, use of cocaine/crack, use of marijuana, 

consumption of alcohol during the periconceptional period or maternal fever in the first 

trimester of pregnancy.

The aORs of the associations between each type of orofacial cleft and bronchodilator use 

during the periconceptional period are presented in Table III. The results suggest an 

association between maternal bronchodilator use only and CLO (aOR = 1.77, 95% CI: 1.08–

2.88). The association was slightly higher when only isolated case infants were examined 

(aOR = 1.88, 95% CI: 1.15–3.07). The risk of CPO (aOR = 1.53, 95% CI: 0.99–2.37) was 

elevated but was not statistically significant. No significant association was found between 

maternal bronchodilator use and CLP (aOR = 0.78, 95% CI: 0.46–1.31) nor when we 

grouped CLO and CLP (aOR = 1.11, 95% CI: 0.76–1.62; data not shown) after controlling 

for maternal age at delivery, race/ethnicity, level of education, alcohol consumption, 

smoking habits, marijuana use, folic acid-containing vitamin use, maternal use of any 

vasoactive medication as well as infant sex. Additionally, no significant associations were 

found between maternal use of both bronchodilators and anti-inflammatory medications 

during the periconceptional period and CLO (aOR = 1.06, 95% CI: 0.38–3.01), CPO (aOR = 

0.85, 95% CI: 0.33–2.18) or CLP (aOR = 1.26, 95% CI: 0.60–2.65). Table III also shows the 

risks associated with maternal albuterol use. A statistically significant association was found 

between maternal albuterol use and both CLO (aOR = 1.79, 95% CI: 1.07–2.99) and CPO 

(aOR = 1.65, 95% CI: 1.06–2.58). For isolated cases only, the odds ratio for maternal 

albuterol use and CLO was slightly higher (aOR = 1.90, 95% CI: 1.14–3.18) but for CPO the 

odds ratio was lower and not significant (aOR = 1.48, 95% CI: 0.89–2.47). The odds ratios 

among mothers who used bronchodilators during the 4th–9th months of pregnancy only 

were not significant. When mothers with family history of orofacial clefts (n = 19) were 

removed from the analysis, the odds ratios were unchanged.

Discussion

Mothers of infants with CLO were statistically significantly more likely to use 

bronchodilators during the periconceptional period than mothers of control infants. In 

addition, a statistically significant association was observed between maternal albuterol use 

and both CLO and CPO. While the risk of CPO for infants whose mothers used any 

bronchodilators was elevated but not statistically significant, the risk of CPO was 

statistically significant for infants whose mothers used albuterol only. No statistical 
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association was found with maternal bronchodilator use when we grouped CLO and CLP. 

Among mothers who reported bronchodilator use, most reported using albuterol. The odds 

ratios were slightly higher when we examined infants classified as having isolated CLO. No 

associations were observed between the use of both bronchodilators and anti-inflammatory 

medications during the periconceptional period and the any type of orofacial cleft.

Previous studies that assessed the teratogenic effects of medication on orofacial clefts have 

focused on the use of corticosteroids (oral, inhaled and topical) and have produced mixed 

results. Carmichael et al. (2007) examined corticosteroid use in the NBDPS and found a 

moderately increased risk of CL/P (aOR = 1.7, 95% CI: 1.1–2.6) and no association for CPO 

(aOR = 0.5, 95% CI: 0.2–1.3). In contrast, in a population-based, case–control study 

conducted by Czeizel et al. (1997), no statistically significant associations were observed 

between corticosteroid treatment during the second and third months of pregnancy and a 

number of different congenital anomalies, including CL/P. We are not aware of other 

epidemiological studies that investigate the teratogenic effects of bronchodilators as a group 

or albuterol individually on orofacial clefts.

Human placental transfer of albuterol and other bronchodilators has been demonstrated in 
vitro (Nandakumaran et al., 1981; Sodha and Schneider, 1983; Omarini et al., 1993). The US 

Food and Drug Administration has classified albuterol and salmeterol as pregnancy category 

C mediations (Product information, 2000). Pregnancy category C is given to medications for 

which animal studies have shown harm or no animal studies are available and no adequate 

and well-controlled studies in humans are available. The second bronchodilator most 

commonly reported by pregnant women is salmeterol (10.9%), a long-acting, inhaled beta-

agonist widely recommended during pregnancy. Among mothers of infants with CLO, none 

reported using salmeterol during the periconceptional period. Based on a study by Wilton et 
al. (1998), among 47 infants whose mothers used salmeterol during the first trimester of 

pregnancy, the only birth defect found was one case of Aarskog syndrome, a single-gene 

condition unlikely to be associated with salmeterol exposure.

The present analysis has several strengths. The study is population-based and has a large 

sample size, allowing us to look at individual types of bronchodilators. In addition, the 

NBDPS benefits from a systematic case review by clinical geneticists at each center to 

ensure case eligibility and use of a detailed interview instrument to collect data on many 

potentially confounding variables. Finally, studies have shown that CLO, CPO and CLP may 

not be associated with the same risk factors at the same level or share the same etiology 

(Carmichael et al., 2007; Harville et al., 2007; Romitti et al., 2007). Our in-depth case 

classification allowed us to analyze these defects separately and to also examine isolated 

orofacial clefts.

This study has certain limitations worth noting. Medication use was ascertained only by 

maternal self-report, and no information is available on the dosage. Recall bias cannot be 

ruled out since mothers of affected children may attempt to find a causal explanation such as 

medication use during pregnancy, compared with mothers of infants without birth defects 

(Werler et al., 1989; Rockenbauer et al., 2001). To minimize this potential bias, the interview 

included questions about specific types of medicines, as well as the timing of these 
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exposures by using a pregnancy calendar. Although this analysis has controlled for some 

confounders, the results may be influenced by factors not accounted for. Asthma status/

severity, for which data were not available in this study, may have also played a role. Recent 

studies have suggested that maternal asthma (Blais et al., 2010) or the combination of both 

asthma (controlled versus uncontrolled and severe versus mild) and asthma medication use, 

particularly bronchodilators (Lin et al., 2009), may play a role in the risk of specific 

congenital malformations.

In conclusion, our results reveal a statistically significant association between maternal 

bronchodilator use during the periconceptional period and the risk of CLO after controlling 

for other risk factors. However, it is unclear whether the association observed in this study is 

due to the bronchodilators, the severity of asthma or both or to chance alone. There was no 

association between the use of both bronchodilators and anti-inflammatory medications and 

orofacial clefts. The use of both types of asthma medication may indicate more severe 

asthma; however, it may also indicate better therapeutic control of asthma, which in turn 

might explain the lack of association observed in our study. Further studies to disentangle 

the role of asthma or asthma medications or both are needed to help clarify these findings.

Acknowledgments

We thank Sandra Richardson in replicating the analysis to make sure that all the numbers presented in this paper are 
right. We also thank all other scientists and staff of National Birth Defects Prevention Study and the families who 
participated in the study. Coding of drug information in the NBDPS used the Slone Epidemiology Center Drug 
Dictionary, under license from the Slone Epidemiology Center at Boston University. The findings and conclusions 
of this report are those of the authors and do not necessarily represent the views of the Centers for Disease Control 
and Prevention.

Funding

This research was supported by a cooperative agreement from the Centers for Disease Control and Prevention (U01/
DD00048702).

References

Abrishamchian AR, Khoury MJ, Calle EE. The contribution of maternal epilepsy and its treatment to 
the etiology of oral clefts: a population based case-control study. Genet Epidemiol. 1994; 11:343–
351. [PubMed: 7813896] 

Beaty TH, Hetmanski JB, Fallin MD, Park JW, Sull JW, McIntosh I, Liang KY, Vanderkolk CA, Redett 
RJ, Boyadjiev SA, et al. Analysis of candidate genes on Chromosome 2 in oral cleft case-parent 
trios from three populations. Hum Genet. 2009; 126:385–394. [PubMed: 19444471] 

Bille C, Olsen J, Vach W, Knudsen VK, Olsen F, Rasmussen K, Murray JC, Kristensen K. Oral cleft 
and life style factors—a case-cohort study based on prospective Danish data. Eur J Epidemiol. 2007; 
22:173–181. [PubMed: 17295096] 

Blais L, Kettani FZ, Elftouh N, Forget A. Effect of maternal asthma on the risk of specific congenital 
malformations: a population-based cohort study. Birth Defects Res A Clin Mol Teratol. 2010; 
88:216–222. [PubMed: 20099316] 

Carmichael SL, Shaw GM, Ma C, Werler MM, Rasmussen SA, Lammer EJ. the National Birth Defects 
Prevention Study. Maternal corticosteroid use and orofacial clefts. Am J Obstet Gynecol. 2007; 
197:585.e1–585.e7. [PubMed: 18060943] 

Carter TC, Molloy AM, Pangilinan F, Troendle JF, Kirke PN, Conley MR, Orr DJ, Earley M, 
McKiernan E, Lynn EC, et al. Testing reported associations of genetic risk factors for oral clefts in a 
large Irish study population. J Dent Res. 2009; 88:715–718. [PubMed: 19734457] 

Munsie et al. Page 8

Hum Reprod. Author manuscript; available in PMC 2018 July 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Centers for Disease Control and Prevention (CDC). Improved national prevalence estimates for 18 
selected major birth defects—United States, 1999–2001. MMWR Morb Mortal Wkly Rep. 2006; 
54:1301–1305. [PubMed: 16397457] 

Chambers K. Asthma education and outcomes for women of childbearing age. Case Manager. 2003; 
14:58–61.

Chevrier C, Dananché B, Bahuau M, Nelva A, Herman C, Francanet C, Robert-Gnansia E, Cordier S. 
Occupational exposure to organic solvent mixtures during pregnancy and the risk of non-syndromic 
oral clefts. Occup Environ Med. 2006; 63:617–623. [PubMed: 16644895] 

Croen LA, Shaw GM, Wasserman CR, Tolarova MM. Racial and ethnic variations in the prevalence of 
orofacial clefts in California 1983–1992. Am J Med Genet. 1998; 79:42–47. [PubMed: 9738868] 

Czeizel AE, Rockenbauer M. Population-based case-control study of teratogenic potential of 
corticosteroids. Teratology. 1997; 56:335–340. [PubMed: 9451758] 

Demissie K, Breckenridge MB, Rhoads GG. Infant and maternal outcomes in the pregnancies of 
asthmatic women. Am J Respir Crit Care Med. 1998; 158:1091–1095. [PubMed: 9769265] 

Dravet C, Julian C, Legras C, Magaudda A, Guerrini R, Genton P, Soulayrol S, Giraud N, Mesdjian E, 
Trentin G. Epilepsie, antiepileptic drugs, and malformations in children of women with epilepsie: 
a French prospective cohort study. Neurology. 1992; 42(suppl 5):75–82.

Forrester MB, Merz RD. Descriptive epidemiology of oral clefts in a multiethnic population, Hawaii, 
1986–2000. Cleft Palate Craniofac J. 2004; 41:622–628. [PubMed: 15516165] 

Gordon JE, Shy CM. Agricultural chemical use and congenital cleft lip and/or palate. Arch Environ 
Health. 1981; 36:213–221. [PubMed: 6271079] 

Green RF, Devine O, Crider KS, Olney RS, Archer N, Olshan AF, Shapira SK. National Birth Defects 
Prevention Study Association of paternal age and risk for major congenital anomalies from the 
National Birth Defects Prevention Study, 1997 to 2004. Ann Epidemiol. 2010; 20:241–249. 
[PubMed: 20056435] 

Harville EW, Wilcox AJ, Lie RT, Abyholm F, Vindenes H. Epidemiology of cleft palate alone and cleft 
palate with accompanying defects. Eur J Epidemiol. 2007; 22:389–395. [PubMed: 17484027] 

Honein MA, Rasmussen SA, Reefhuis J, Romitti PA, Lammer EJ, Sun L, Correa A. Maternal smoking 
and environmental tobacco smoke exposure and the risk of orofacial clefts. Epidemiology. 
2007:18226–18233.

Itikala PR, Watkins ML, Mulinare J, Moore CA, Liu Y. Maternal multivitamin use and orofacial clefts 
in offspring. Teratology. 2001; 63:79–86. [PubMed: 11241430] 

Kallén B, Otterblad Olausson P. Use of anti-asthmatic drugs during pregnancy.3. Congenital 
malformations in the enfants. Eur J Clin Pharmacol. 2007; 63:383–388. [PubMed: 17279357] 

Kallén B, Rydhstroem H, Aberg A. Asthma during pregnancy—a population based study. Eur J 
Epidemiol. 2000; 16:167–171. [PubMed: 10845267] 

Khoury MJ, Erickson JD, James LM. Maternal factors in cleft lip with or without palate: evidence 
from interracial crosses in the United States. Teratology. 1983; 27:351–357. [PubMed: 6879458] 

Kwon HL, Triche EW, Belanger K, Bracken MB. The epidemiology of asthma during pregnancy: 
prevalence, diagnosis, and symptoms. Immunol Allergy Clin North Am. 2006; 26:29–62. 
[PubMed: 16443142] 

Leite IC, Koifman S. Oral clefts, consanguinity, parental tobacco and alcohol use: a case-control study 
in Rio de Janeiro, Brazil. Braz Oral Res. 2009; 23:31–37.

Lin S, Herdt-Losavio M, Gensburg L, Marshall E, Druschel C. Maternal asthma, asthma medication 
use, and the risk of congenital heart defects. Birth Defects Res A Clin Mol Teratol. 2009; 85:161–
168. [PubMed: 19067406] 

Murphy VE, Gibson PG, Smith R, Clifton VL. Asthma during pregnancy: mechanisms and treatment. 
Eur Respir J. 2005; 25:731–750. [PubMed: 15802351] 

NAEEP Expert Panel Report. Managing asthma during pregnancy: recommendations for 
pharmacologic treatment—2004 update. J Allergy Clin Immunol. 2005; 115:34–46. [PubMed: 
15637545] 

Nandakumaran M, Gardey CL, Challier JC, Richard MO, Panigel M, Olive G. Transfer of Salbutamol 
in the human placenta in vitro. Dev Pharmacol Ther. 1981; 3:88–98. [PubMed: 7318641] 

Munsie et al. Page 9

Hum Reprod. Author manuscript; available in PMC 2018 July 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Omarini D, Barzago MM, Bortolotti A, Lucchini G, Stellari F, Efrati F, Bonati M. Placental transfer of 
theophylline in an in vitro closed perfusion system of human placenta isolated lobule. Eur J Drug 
Metab Pharmacokinet. 1993; 18:369–374. [PubMed: 8020536] 

Park-Wyllie L, Mazzotta P, Pastuszak A, Moretti ME, Beique L, Hunnisett L, Friesen MH, Jacobson S, 
Kasapinovic S, Chang D, et al. Birth defects after maternal exposure to corticosteroid : prospective 
cohort study and meta-analysis of epidemiological studies. Teratology. 2000; 62:385–392. 
[PubMed: 11091360] 

Proventil. Schering Corporation; 2000. Product information. http://dailymed.nlm.nih.gov/dailymed/
drugInfo [10 February 2010, date last accessed]

Rasmussen SA, Olney RS, Holmes LB, Lin AE, Keppler-Noreuil KM, Moore CA. National birth 
defects prevention study. Guideines for case classification for the national birth defects prevention 
study. Birth Defects Res A Clin Mol Teratol. 2003; 67:193–201. [PubMed: 12797461] 

Rockenbauer M, Olsen J, Czeizel AE, Pedersen L, Sørensen HT. EuroMAP Group. Recall bias in a 
case-control surveillance system on the use of medicine during pregnancy. Epidemiology. 2001; 
12:461–466. [PubMed: 11416783] 

Rodriguez-Pinilla E, Martinez-Frias ML. Corticosteroids during pregnancy and oral clefts: a case-
control study. Teratology. 1998; 58:2–5. [PubMed: 9699238] 

Romitti PA, Sun L, Honein MA, Reefhuis J, Correa A, Rasmussen SA. Maternal periconceptional 
alcohol consumption and the risk of oral clefts. Am J Epidemiol. 2007; 166:775–785. [PubMed: 
17609516] 

Shi M, Christensen K, Weinberg CR, Romitti P, Bathum L, Lozoda A, Morris RW, Lovett M, Murray 
JC. Orofacial cleft risk is increased with maternal smoking and specific detoxification-gene 
variants. Am J Hum Genet. 2007; 80:76–90. [PubMed: 17160896] 

Shibata M, Wachi M, Kawaguchi M, Kojima J, Onodera K. Teratogenic and fetal toxicity following 
intravenous theophilline administration in pregnant rabbits is related to maternal drug plasma 
levels. Method Find Exp Clin Pharmacol. 2000; 22:101–107.

Sodha RJ, Schneider H. Transplacental transfer of beta-adrenergic drugs studied by an in vitro 
perfusion method of an isolated human placental lobule. Am J Obstet Gynecol. 1983; 147:303–
310. [PubMed: 6137953] 

Sull JW, Liang KY, Hetmanski JB, Wu T, Fallin MD, Ingersoll RG, Park JW, Wu-Chou YH, Chen PK, 
Chong SS, et al. Evidence that TGFA influences risk to cleft lip with/without cleft palate through 
unconventional genetic mechanisms. Birth Defects Res A Clin Mol Teratol. 2010; 88:84–93. 
[PubMed: 19937600] 

Szabo KT, Diffebo ME, Kang YJ. Effects of several beta-receptor agonists on fetal development in 
various species of laboratory animals: preliminary report (abstract). Teratology. 1975; 12:336–337.

Tamasi L, Somoskovi A, Muller V, Bartfai Z, Acs N, Puho E, Czeizel AE. A population-based case-
control study on the effect of bronchial asthma during pregnancy for congenital abnormalities in 
the offspring. J Asthma. 2006; 43:81–86. [PubMed: 16448971] 

Werler MM, Pober BR, Nelson K, Holmes LB. Reporting accuracy among mothers of malformed and 
nonmalformed infants. Am J Epidemiol. 1989; 129:415–421. [PubMed: 2643303] 

Wilton LV, Peace GL, Martin RM, Mackay FJ, Mann RD. The outcome of pregnancy in women 
exposed to newly marketed drugs in general practice in England. Br J Obstet Gynaecol. 1998; 
105:882–889. [PubMed: 9746382] 

Yoon PW, Rasmussan SA, Lynberg MC, Moore CA, Anderka M, Carmichael SL, Costa P, Druschel C, 
Hobbs CA, Romitti PA, et al. The National birth defects prevention study. Public Health Rep. 
2001; 116(Suppl1):32–40.

Zucchero TM, Cooper ME, Maher BS, Daack-Hirsch S, Nepomuceno B, Ribeiro L, Caprau D, 
Christensen K, Suzuki Y, Machida J, et al. Interferon regulatory factor 6 (IRF6) genevariants and 
the risk of isolated cleft lip or palate. N Engl J Med. 2004; 351:769–780. [PubMed: 15317890] 

Munsie et al. Page 10

Hum Reprod. Author manuscript; available in PMC 2018 July 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dailymed.nlm.nih.gov/dailymed/drugInfo
http://dailymed.nlm.nih.gov/dailymed/drugInfo


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Munsie et al. Page 11

Table I

Maternal bronchodilator use during the periconceptional period among infants with orofacial clefts and non-

malformed control infants, NBDPS 1997–2005.

Bronchodilator use (n = 247)a n %b Cases, n = 89 (%) Controls, n = 158 (%)

Albuterol 219 88.7 81 (3.05)c 138 (2.17)

Salmeterol 27 10.9 6 (0.23) 21 (0.34)

Pirbuterol 6 2.4 3 (0.12) 3 (0.05)

Ipratropium bromide 5 2.0 1 (0.04) 4 (0.06)

Theophylline 5 2.0 2 (0.08) 3 (0.05)

Epinephrine (Primatene) 2 0.8 1 (0.04) 1 (0.02)

Metaproterenol 1 0.4 0 (0.00) 1 (0.02)

Levalbuterol 0 0 0 0

a
n includes bronchodilator users regardless of use of an anti-inflammatory.

b
Percentage who used a specific bronchodilator out of all bronchodilator users.

Total is not equal to 100% due to multiple medication use.

c
P < 0.05 in χ2 test between cases and controls.
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Table II

Maternal and infant characteristics among infants with orofacial clefts and non-malformed control infants, 

NBDPS Study, 1997–2005.

Controls (n = 6482) n 
(%)

Cleft lip only Cases (n 
= 614) n (%)

Cleft palate only Cases 
(n = 938) n (%)

Cleft lip with cleft 
palate Cases (n = 1159) 

n (%)

Maternal age at delivery

 ≤24 years old 2188 (33.8) 215 (35.0) 295 (31.5) 470 (40.6)a

 25–29 years old 1697 (26.2) 167 (27.2) 252 (26.9) 307 (26.5)a

 > 29 years old (Ref) 2597 (40.1) 232 (37.8) 391 (41.7) 382 (33.0)

Maternal BMI

 < 18.5 kg/m2 350 (5.6) 47 (8.0)a 54 (6.0) 83 (7.5)a

 ≥18.5 kg/m2 5868 (94.4) 540 (92.0) 853 (94.1) 1020 (92.5)

Parity

 0 births 2608 (40.3) 259 (42.2) 370 (39.5) 471 (40.7)

 ≥1 birth 3868 (59.7) 355 (57.8) 566 (60.5) 686 (59.3)

Maternal race/ethnicity

 White non-Hispanic (Ref) 3809 (59.0) 411 (67.1) 607 (64.9) 667 (57.8)

 Black non-Hispanic 756 (11.7) 37 (6.0)a 69 (7.4)a 70 (6.1)a

 Hispanic 1472 (22.8) 125 (20.4)a 188 (20.1)a 341 (29.5)a

 Others 417 (6.5) 40 (6.5) 71 (7.6) 77 (6.7)

Maternal level of education

 ≤12 years 2722 (42.3) 255 (41.6) 415 (44.6) 621 (53.9)a

 > 12 years 3714 (57.7) 358 (58.4) 515 (55.4) 532 (46.1)

Maternal alcohol consumptionb

 Yes 2399 (37.3) 251 (41.0) 372 (40.1) 421 (36.6)

 No 4026 (62.7) 362 (59.1) 556 (59.9) 729 (63.4)

Infant sex

 Male 3276 (50.6) 397 (64.8)a 424 (45.3)a 770 (66.7)a

 Female 3201 (49.4) 216 (35.2) 513 (54.8) 385 (33.3)

Maternal smokingb

 Yes 1246 (19.3) 150 (24.4)a 219 (23.5)a 298 (25.8)a

 No 5204 (80.7) 464 (75.6) 712 (76.5) 856 (74.2)

Folic acid containing vitamins

 Yes 3257 (50.3) 309 (50.3) 467 (49.8) 515 (44.4)a

 No 3225 (49.8) 305 (49.7) 471 (50.2) 644 (55.6)

Cocaine or crack useb

 Yes 46 (0.7) 6 (1.0) 10 (1.1) 7 (0.6)

 No 6404 (99.3) 608 (99.0) 921 (98.9) 1146 (99.4)

Any vasoactive medicationsb,c
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Controls (n = 6482) n 
(%)

Cleft lip only Cases (n 
= 614) n (%)

Cleft palate only Cases 
(n = 938) n (%)

Cleft lip with cleft 
palate Cases (n = 1159) 

n (%)

 Yes 1619 (25.0) 186 (30.3)a 262 (27.9) 291(25.1)

 No 4863 (75.0) 428 (69.7) 676 (72.1) 868 (74.9)

Marijuana useb

 Yes 312 (4.8) 40 (6.5) 50 (5.4) 64 (5.6)

 No 6137 (95.2) 574 (93.5) 882 (94.6) 1089 (94.5)

Fever in first trimester

 Yes 690 (10.6) 79 (12.9) 114 (12.2) 129 (11.1)

 No 5792 (89.4) 535 (87.1) 824 (87.9) 1030 (88.9)

Family history of orofacial cleft

 Yes 1 (0.0) 2 (0.3)a 5 (0.5)a 11 (1.0)a

 No 6481 (100.0) 612 (99.7) 933 (99.5) 1148 (99.1)

a
P < 0.05 in χ2 test.

b
During the periconceptional period.

c
Use of any of the following vasoactive medications: aspirin, ibuprofen, acetaminophen, pseudoephedrine, phenylpropanolamine and 

methylenedioxymethamphetamine.
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