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Abstract

OBJECTIVES—Approximately 4% to 12% of pregnant women have asthma; few studies have
examined the effects of maternal asthma medication use on birth defects. We examined whether
maternal asthma medication use during early pregnancy increased the risk of selected birth
defects.

METHODS—National Birth Defects Prevention Study data for 2853 infants with 1 or more
selected birth defects (diaphragmatic hernia, esophageal atresia, small intestinal atresia, anorectal
atresia, neural tube defects, omphalocele, or limb deficiencies) and 6726 unaffected control infants
delivered from October 1997 through December 2005 were analyzed. Mothers of cases and
controls provided telephone interviews of medication use and additional potential risk factors.
Exposure was defined as maternal periconceptional (1 month prior through the third month of
pregnancy) asthma medication use (bronchodilator or anti-inflammatory). Associations between
maternal periconceptional asthma medication use and individual major birth defects were
estimated by using adjusted odds ratios (aOR) and 95% confidence intervals (95%Cl).
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RESULTS—No statistically significant associations were observed for maternal periconceptional
asthma medication use and most defects studied; however, positive associations were observed
between maternal asthma medication use and isolated esophageal atresia (bronchodilator use: aOR
=2.39, 95%CI = 1.23, 4.66), isolated anorectal atresia (anti-inflammatory use: aOR = 2.12,
95%Cl = 1.09, 4.12), and omphalocele (bronchodilator and anti-inflammatory use: aOR = 4.13,
95%Cl = 1.43, 11.95).

CONCLUSIONS—Positive associations were observed for anorectal atresia, esophageal atresia,
and omphalocele and maternal periconceptional asthma medication use, but not for other defects
studied. It is possible that observed associations may be chance findings or may be a result of
maternal asthma severity and related hypoxia rather than medication use.

Keywords
anti-inflammatory; asthma; birth defects; bronchodilator; medication

Asthma is one of the most frequent obstructive pulmonary diseases experienced during
pregnancy, affecting ~4% to 12% of pregnant women.1:2 Current clinical guidelines
recommend that women with asthma maintain asthma medication use during pregnancy.?
Approximately 3% of pregnant women reportedly use asthma medications.3 These
medications act in 2 ways: as bronchodilators or anti-inflammatories. To date, pregnancy
safety data for many asthma medications are sparse.

Animal studies found that ~10% of circulating maternal albuterol (a bronchodilator) is
transferred to the fetus, but the disposition in the fetal lungs is comparable to that in

maternal lungs.? Several previous studies have examined the effects of maternal asthma or
asthma medication use during pregnancy on a number of maternal and fetal outcomes;
however, few have examined major birth defects as primary outcomes. One case study and
several epidemiologic studies have suggested increased risks of orofacial clefts,
cardiovascular defects, nervous system (excluding spina bifida) defects, respiratory system
defects, digestive system defects, anal atresia, gastroschisis, and all malformations combined
associated with asthma or asthma medication use during pregnancy,3>-10 whereas other
studies did not identify associations between maternal asthma and/ or asthma medication use
and birth defects.11-20 |n particular, a recent study in the United Kingdom found a small,
increased risk of birth defects among children of women with asthma; however, no
association was identified between birth defects and asthma medication.2!

Birth defects are the leading cause of infant morbidity and mortality. As maternal asthma is a
common disease during pregnancy, investigation of the safety of maternal asthma
medication use during pregnancy is an important public health issue. Results reported in
previous studies of asthma medication use during pregnancy and birth defects were limited
in part because of small numbers of cases for specific birth defects. By using data from a
population-based, multicenter, case-control study, we examined whether maternal use of
asthma medications during early pregnancy increased the risk of selected birth defects after
controlling for other potential confounders.
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METHODS

Data from the National Birth Defects Prevention Study (NBDPS) were analyzed. The
NBDPS is an ongoing, multi-center, population-based, case-control study being conducted
in 10 US states (Arkansas, California, Georgia, lowa, Massachusetts, New Jersey, New York,
North Carolina, Texas, and Utah) to investigate genetic and environmental risk factors for
major structural birth defects. Methods for the NBDPS have been previously described.?2
Each participating center obtained appropriate institutional review board approvals.

Case deliveries included in the current analyses were live births, stillbirths, or elective
terminations with estimated dates of delivery (EDDs) from October 1, 1997, through
December 31, 2005, and diagnosed with 1 or more of the following birth defects: neural tube
defects (further divided into 2 groups, anencephaly and spina bifida), esophageal atresia,
small intestinal atresia, anorectal atresia, limb deficiencies, diaphragmatic hernia, and
omphalocele. We selected these specific defects because there were 200 or more case infants
for each defect. Other major defect groups were studied by other investigators using the
same dataset. Case deliveries were identified from the birth defects surveillance system in
each participating state and reports from medical records were reviewed by clinical
geneticists using criteria developed for the NBDPS to assign diagnosis.23 Each case was
further classified as isolated (no additional major defect) or multiple (1 or more additional
major defects in a different organ system); diagnoses attributed to a chromosomal or single-
gene etiology were excluded. Control infants included in the current analyses were
nonmalformed, live births with EDDs during the same time period as case infants, randomly
selected from either birth certificates or from birth hospitals. Annually, each center recruits
100 control mothers, which provides sufficient sample size for a 1:1 case:control ratio for
any 1 birth defect included in the NBDPS. Case and control infants who were adopted, in
foster care, or whose mother did not speak English or Spanish were excluded from the
NBDPS.

Systematic data collection procedures were used to recruit case and control families.22
Exposure information was collected by telephone interview with case and control mothers.
The interview was conducted in English or Spanish with a median time to interview of 10
months for cases and 8 months for controls from the EDD; most interviews (78%) were
completed within 12 months. Information collected included maternal health (eg, chronic
disease); medication used; pregnancy history and complications; nutritional/behavioral
factors (eg, diet, vitamin use, caffeine, tobacco, alcohol); exposures at home and work; and
demographics. To improve recall and better define exposure to medications, mothers were
asked for the specific names, dosage, and dates of prescribed medications and over-the-
counter medicines, as well as the health conditions and symptoms related to use of that
specific medicine. A pregnancy calendar was used to aid maternal recall on timing and
frequency of the medication use, such as date, month, or trimester of pregnancy and dosage.
Information on medication use was collected for 3 months before pregnancy through the end
of the pregnancy.

The Boston University Slone Epidemiology Center Drug Dictionary was used to match
maternal reports of medication use to the active ingredient to identify mothers who used
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asthma medications. Exposure was defined as reported asthma medication use at least once
during the periconceptional period (1 month prior through the third month of pregnancy).
Some mothers reported asthma medication was taken “as needed.” To reduce
misclassification, mothers who reported using asthma medication “as needed,” but with an
unknown time period of use, were excluded from the analysis. Examination of route of
administration (oral versus inhaled) was not conducted, as such information was not
available for all mothers. Asthma medication use was divided into 3 groups: anti-
inflammatories, bronchodilators, and both anti-inflammatories and bronchodilators.

The main analyses focused on infants with isolated birth defects. Associations between
maternal characteristics and each defect were evaluated by using ;(2 tests. Variables that
were significantly associated (£ <.05) with both a defect and asthma medication use or that
were cited as risk factors for a defect in prior literature were examined as potential
confounders and included in multivariable analyses. For each defect, logistic regression was
used to estimate adjusted odds ratios (aORs) to assess the association between maternal
asthma medication and each birth defect studied. Potential confounders examined included
infant gender, maternal age, BMI, parity, race/ethnicity, education, alcohol use, smoking,
folic acid—containing vitamin use, fever, and crack/cocaine use. The latter 5 variables were
specific to the periconceptional period. Individual logistic regression models were conducted
for bronchodilator use only, anti-inflammatory use only, and both bronchodilator and anti-
inflammatory use.

Additional analyses that included both isolated and multiple defects were performed for
defects that were found to be associated with asthma medication in the previously described
analysis of isolated cases only (ie, esophageal atresia, anorectal atresia, and omphalocele).
Further, for each of these defects (isolated cases only), aORs were estimated for mothers
who used asthma medication during the periconceptional period and those who used asthma
medication during the second and/or third trimester only compared with non-users to assess
if the effects found were biologically plausible. We also conducted an analysis limited to
case infants with multiple defects consistent with VACTERL, an association of defects that
includes Vertebral defects, Anorectal atresia, Cardiac defects, Tracheo-esophageal fistula,
Esophageal atresia, Renal defects, and Limb defects (VATER is an association that includes
Vertebral defects, Anorectal atresia, Tracheo-esophageal fistula, Esophageal atresia, and
Renal defects).

There were a total of 2853 isolated cases for the 7 types of selected defects after excluding
30 cases because of incomplete maternal reports for all medication questions. Isolated and
multiple cases included in the additional analysis described previously numbered 440 for
esophageal atresia, 642 for anorectal atresia, 272 for omphalocele, and 145 with VACTERL
association (data not shown). Eligible control infants numbered 6789. Of these, 59 were
excluded because of incomplete maternal reports for all medication questions and 4 were
excluded because of maternal reports of terbutaline use (medication also used to prevent
preterm labor). Overall, the average participation rates were 71% for the mothers of infants
with birth defects included in this analysis and 67% for the control mothers.
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Compared with controls (6726 infants), case infants were more likely to be boys. Case
mothers were more likely than control mothers to be of Hispanic ethnicity, have a high
school education or less, and report a fever in the first trimester (Table 1). All other
proportions were similar among case and control infants and mothers. As shown in Table 2,
reported maternal periconceptional bronchodilator and anti-inflammatory medication use
was similar between cases and controls, except for fluticasone and beclomethasone.
Albuterol (cases = 2.75%; controls = 2.11%) was the most frequently reported
bronchodilator, and fluticasone (cases = 1.22%; controls = 0.77%) was the most frequently
reported anti-inflammatory used. All other medications were reportedly used by a very small
proportion (<0.5%) of cases or controls.

As shown in Table 3, a statistically significant association was found between isolated
esophageal atresia and bronchodilator use only (aOR = 2.39; 95% confidence interval [CI] =
1.23, 4.66). Of note, although there were fewer exposed cases and Cls were wide, the aORs
for esophageal atresia and anti-inflammatory use only and use of both types of medication
were also elevated, but were not statistically significant. In addition, the risk of isolated
anorectal atresia associated with anti-inflammatory only use was significantly increased
(@aOR = 2.12; 95%CI = 1.09, 4.12). Further, the risk of isolated omphalocele (aOR=4.13;
95%CI = 1.43, 11.95) was significantly elevated for users of both bronchodilator and anti-
inflammatory medications. No other defects were significantly associated with any
medication group. We also found that mothers who used multiple bronchodilators were at
higher risk for delivering a child with one of the defects studied than those who used 1
bronchodilator (data not shown).

Because many infants with esophageal atresia, anorectal atresia, and omphalocele had
multiple, unrelated anomalies, additional analyses of these types of birth defects, including
infants with multiple defects were conducted; only the positive association between use of
both bronchodilator and anti-inflammatory medications and omphalocele persisted when
both isolated and multiple defects were included in the analysis (Table 3). Infants with
VATER or VACTERL association were considered as a separate group. However, only 1
VACTERL case was exposed to any asthma medication (data not shown), so further analysis
was not conducted.

To examine if the significant results in Table 3 are biologically plausible and to assess the
potential impact of biases, we conducted a stratified analysis by timing of maternal
medication use (1 month before through the third month and fourth through ninth month of
pregnancy) (Fig 1), because the exposure effect on malformations should occur only within
the periconceptional period when major fetal organs are largely developed. The observed
positive associations persisted only among those who reportedly used the medications
during the periconceptional period, but not among those who took medication after the
periconceptional period only. Of note, 60% to 67% of mothers of children with esophageal
atresia, anorectal atresia, and omphalocele used bronchodilators throughout their pregnancy
(data not shown).
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DISCUSSION

By using data from a large, population-based, case-control study, we found no significant
associations between maternal reports of bronchodilator or anti-inflammatory use during the
periconceptional period and most birth defects studied. Positive associations were observed,
however, between maternal reports of asthma medication use and the occurrence of isolated
esophageal atresia, isolated anorectal atresia, and omphalocele for particular categories of
asthma medication use. These associations were observed only for reported periconceptional
use when these birth defects develop,2# which support the biological plausibility of our
findings. Given the low baseline prevalence of these defects, if the observed association
proved to be causal, the absolute risks of asthma medications on these rare defects would be
small. For instance, in 2003, the prevalence rates of anorectal atresia and omphalocele were
4.6 and 1.2 cases per 10 000 births, respectively2; thus, even with a fourfold risk from
asthma medication, the risk of having these defects would still be 0.18% and 0.05%
respectively.

Our findings of no association between maternal periconceptional asthma medication use
and most of the selected defects studied are consistent with many of the previous, related
studies.11-20 Our findings of a positive association for anorectal atresia are supported by the
work of Kallén and Olausson,3 who found a significantly increased risk of anal atresia for
infants exposed to anti-asthmatic drugs. When stratified on inhaled corticosteroid use, those
exposed to corticosteroids showed a higher risk of anal atresia, which is consistent with our
findings for anti-inflammatory use and anorectal atresia. Our findings of positive
associations for esophageal atresia, anorectal atresia, and omphalocele are not directly
comparable with previous studies with positive findings with other defects,”8:26 put are
supported by work by Demissie et al,> who reported increased risks for all congenital
malformations among women who used anti-asthmatic drugs during pregnancy.
Furthermore, Blais et all0 reported an increased risk for digestive system defects and “other”
musculoskeletal defects among women who were defined as having an asthma diagnosis and
at least one prescription for asthma medication in the 2 years before or during pregnancy.

The positive associations found in our study were related to maternal bronchodilator use
only, anti-inflammatory use only, or use of both types of medications. This raises a critical
question of whether maternal asthma severity, rather than maternal use of asthma
medications, is associated with the increased risks identified. Asthma status may be
adversely altered by pregnancy,? and previous evidence®227 suggested that asthma rather
than asthma medication was associated with fetal growth restriction. With the interview
information available for analysis, we were unable to distinguish between the effects of
asthma and those of asthma medications; however, we did observe that mothers with
possible indicators of uncontrolled asthma or severe asthma episodes (eg, use of multiple
bronchodilators) were at higher risk for delivering a child with one of the defects studied
than those who used 1 bronchodilator (data not shown). This is further supported by our
findings that nearly two-thirds of mothers of infants with esophageal atresia, anorectal
atresia, or omphalocele who used bronchodilators, did so for the entire pregnancy. When
regular use of bronchodilators is required, an activated inflammatory process is implied?8;
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thus, use of bronchodilators throughout pregnancy might indicate that these mothers had
frequent or ongoing inflammatory exacerbations during pregnancy.

A potential mechanism for the effect of asthmatic episodes or poorly controlled asthma on
the fetus is fetal hypoxia.2® Fetal hypoxia can be greater than maternal hypoxia and uterine
blood flow is also affected by maternal hypoxia.39 Albuterol (an asthma medication most
commonly used in this study), with doses equal to the maximum recommended daily
inhalation dose for adults, was found to have teratogenic effects in an animal study.3! It is
unclear if the 3 malformations with positive associations in this study or the development of
certain organs are more sensitive to the effects of hypoxia or medication than others. Blais et
al10 found that maternal asthma was associated with an increased risk of digestive system
defects and defects in the group “other musculoskeletal defects,” which contained
omphalocele. Asthma treatment guidelines for pregnant women recommend the reduction of
airway inflammation to decrease airway hyperresponsiveness.32 Guidelines for the
management of persistent asthma include long-term controller medications (eg, inhaled
corticosteroids) and short-term reliever medications (eg, bronchodilators)33:34 to maintain
adequate oxygen supply for both the mother and fetus.

The NBDPS provides one of the largest sample sizes to date to study the effects of asthma
medications on several specific birth defects. Systematic case review and classification
reduces heterogeneity within case groups. Population-based selection of cases and controls
and use of a systematic recruitment protocol reduces the potential for selection bias. In
particular, a comparison between controls and all live births at each study center showed that
maternal characteristics in the 2 groups were similar.3® Further, by using a detailed
interview, the NBDPS collects data on potential confounders, which allowed adjustment in
multivariable models.

As mentioned, a limitation of the NBDPS interview was the lack of information on maternal
asthma/asthma severity, as well as dose and route of administration of asthma medications,
which may misclassify different levels of risk. To reduce potential misclassification of
mothers without asthma, we restricted our analysis to the 2 medication groups most
commonly used for asthma treatment. With revisions made to the NBDPS interview to
collect information on asthma in pregnancy, analyses of future participants will permit
examination of asthma status in addition to medication use. Future data from the NBDPS
will include date of asthma diagnosis, symptoms during pregnancy, and specific medications
used to treat the asthma symptoms. Another limitation was limited power to examine
associations between rare exposures, such as use of both types of asthma medications and
birth defect groupings, such as VATER/ VACTERL. Because of the limited power and the
number of exposure-outcome combinations analyzed, some of the positive associations
identified should not be interpreted as strong evidence of increased risks, as they could be
because of chance. We conducted the Woolf test and Dersimonian-Laird test to examine the
homogeneity of the odds ratios and a Mantel-Haenszel test to assess if there was a
significantly common trend between asthma medications and birth defects. Although it is
possible that the ORs observed are chance findings or random variations, a common
significant exposure-disease association was also found after controlling for birth defect
type. This may indicate a common teratogenic pathway of asthma medications on birth
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defects or an effect of maternal asthma rather than medication. To estimate potential
selection bias, we compared the demographic compositions between the control participants
in this study and the target population in each center, and found them to be similar. The
participating rate of cases was also similar to that of controls, suggesting that selection bias
is less likely. In addition, participation rates among mothers of infants with birth defects
varied only slightly according to the type of birth defect, ranging from 70% to 72% with the
exception of anencephaly (68%); however, we still cannot rule out the possibility of
selection bias with 30% nonparticipation. Another limitation may be recall bias because of
time to interview or because mothers of affected children may be more likely to report their
exposures than mothers of controls; however, a series of strategies, such as asking specific
names, dosage, and dates of prescribed medication, have been used to minimize recall
biases. In addition, median time to interview was within 8 to 10 months for both cases and
controls. In addition, because asthma is a chronic disease and long-term controller
medications are typically used on a regular basis, recall of asthma medication use is
probably better than recall of medications taken for acute conditions on a short-term basis;
however, the positive associations we found could also be a result of recall bias or chance.

CONCLUSIONS

This study found no significant associations between maternal periconceptional use of
asthma medications and risks of neural tube defects, some musculoskeletal defects (limb
deficiency and diaphragmatic hernia), and small intestinal atresia. It suggests, however, that
maternal asthma medication use may increase the risk of esophageal atresia, anorectal
atresia, and omphalocele. Although the magnitudes of the associations were moderate (ORs
ranged from 2.14 to 4.26), we cannot disentangle the effects of asthma severity and related
hypoxia from those attributable to medication use, nor can we rule out the possibility that
these findings are attributable to bias or chance. The current clinical guidelines and specific
recommendations for aggressive asthma management during pregnancy should remain
unchanged. Additional studies with detailed data on asthma severity and treatment and a
large sample are recommended to clarify whether our findings are attributable to maternal
use of asthma medication, asthma severity, or chance alone.
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WHAT’S KNOWN ON THIS SUBJECT

Asthma is a common obstructive pulmonary disease experienced during pregnancy.
Clinical guidelines recommend women with asthma maintain asthma medication use
during pregnancy. Epidemiologic studies suggest an association between several types of
defects and asthma or asthma medication use during pregnancy.

WHAT THIS STUDY ADDS

Data from a large, population-based, multicenter, case-control study was used. This
provides the opportunity to study specific birth defects with minimal heterogeneity in
case groups, as well as control for a variety of potential confounders.
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FIGURE 1.

Association between start of maternal asthma medication use and selected birth defects,

1997-2005.
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Selected Infant and Maternal Characteristics Among Selected, Isolated Cases? and Controls, National Birth
Defects Prevention Study, 1997-2005

Totald  Cases (%)

Controls (%)

n=2853 n=6726

Infant sex

Male€ 4898 1498 (53.31) 3400 (50.59)

Female 4633 1312 (46.69) 3321 (49.41)
Maternal age at delivery, y

<20 1029 312 (10.947) 717 (10.66)

20-34 7171 2115(74.13) 5056 (75.17)

235 1379 426 (14.93) 953 (14.17)
BMI

<18.5 (underweight) 488 129 (4.76) 359 (5.56)

18.5-24 (normal weight)y 5007 1402 (51.73) 3605 (55.83)

25-29 (overweight) 2065 614 (22.66) 1451 (22.47)

>30 (obese)® 1607  565(20.85) 1042 (16.14)
Parity (number of previous live births)

0 Child 3858 1159 (40.65) 2699 (40.17)

>1 Child 5712 1692 (59.35) 4020 (59.83)
Race/Ethnicity

Black non-Hispanic 1028 266 (9.35) 762 (11.38)

Hispanic¢ 2256 764 (26.84) 1492 (22.28)

Others 621 189 (6.64) 432 (6.45)

White non-Hispanic 5638 1627 (57.17) 4011 (59.89)
Education, y

<12 4043 1271 (44.82) 2772 (41.52)

>12 5470 1565 (55.18) 3905 (58.48)
Alcohol use?

Yes 3478 1012 (35.76) 2466 (36.99)

No 6018 1818 (64.24) 4200 (63.01)
Cigarette smokingd

Yes 1791 524 (18.44) 1267 (18.94)

No 7741 2318 (81.56) 5423 (81.06)
Folic acid—containing vitamin€

Yes 4874 1456 (51.03) 3418 (50.82)

No 4705 1397 (48.97) 3308 (49.18)
Cocaine or crack use?

Yes 68  22(0.78) 46 (0.69)

No 9461 2816(99.22) 6645 (99.31)
Feverc.d
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Totald  Cases (%)  Controls (%)

n =2853 n==6726
Yes 1082 357 (12.51)  725(10.78)
No 8497 2496 (87.49) 6001 (89.22)
Vasoactive medications use?
Yes 2478  761(26.67) 1717 (25.53)
No 7101 2092 (73.33) 5009 (74.47)

a . . . . . . . . . .
Defects include diaphragmatic hernia, esophageal atresia, small intestinal atresia, anorectal atresia, neural tube defects, omphalocele, or limb
deficiencies with no additional major defect (isolated).

bTotaI may not add up because of missing observations.
‘p< 05in 12 test.
a. . . . .

During the periconceptional period.

eDuring the period 1 month prior through the first month of pregnancy.
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TABLE 2

Maternal Periconceptional Asthma Medication Reports Among Selected, Isolated? Cases and Controls,
National Birth Defects Prevention Study, 1997-2005

Medication Cases Controls
n (%)P n (%)P

Bronchodilators (7= 243)

Albuterol 77 (2.75) 139 (2.11)
Salmeterol 13 (0.48) 23 (0.36)
Pirbuterol 3(0.11) 3(0.05)
Theophylline 3(0.11) 3(0.05)
Ipratropium bromide 2(0.07) 4 (0.06)
Other bronchodilator® 0(0) 5(0.07)

Anti-inflammatories (7= 187)

Fluticasone? 34(1.22)  51(0.77)
Beclomethasone? 12(0.43)  11(0.17)
Prednisone 10 (0.36) 19 (0.29)
Triamcinolone 9(0.33) 14 (0.21)
Montelukast 4(0.14) 14 (0.21)
Budesonide 3(0.11) 9(0.14)
Cromolyn sodium 2(0.07) 9(0.14)
Zafirlukast 0 (0.00) 5 (0.08)
Methylprednisolone 1(0.04) 3(0.05)

Other anti-inflammatory¢ 1 (0.04) 3(0.05)

a . . . . . . . . . .
Defects include diaphragmatic hernia, esophageal atresia, small intestinal atresia, anorectal atresia, neural tube defects, omphalocele, or limb
deficiencies with no additional major defect (isolated).

b . ——
Total percentage is not equal to 100% because some people took more than one medication.
Other bronchodilator includes ephedrine, epinephrine, metaproterenol. Other anti-inflammatory includes flunisolide, prednisolone, nedocromil.

a. ... . . L
Statistical difference between the cases and controls in the use of asthma medication.
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