
Asthma medication use during pregnancy,
wheeze and estimated exposure to
ambient nitrogen dioxide

To the Editor:

Asthma affects 8–9% of pregnant women in the USA [1]. Since asthma exacerbations during pregnancy
can lead to poor pulmonary function, hypoxia and other adverse health outcomes for the mother, fetus
and neonate [2, 3], maintaining good control of asthma during pregnancy is recommended for the health
of both mother and baby [4]. Reviews of the safety of asthma medication use during pregnancy suggest no
or minimal effects on fetal growth and perinatal complications [4–6]. In spite of this, many pregnant
women choose to reduce or stop their asthma medications [7].

Asthma severity during pregnancy is influenced by physiological changes [1, 6, 8] and exposure to asthma
triggers such as air pollution [9]. Reducing or discontinuing asthma medication during pregnancy may
increase asthma severity [7, 10].

Pre-pregnancy asthma severity and its relationship with symptoms and medication use during pregnancy
have been examined in this population previously [10]. Here we examine effects of changes in asthma
medication use during early pregnancy (gestational months 1 and 2) compared to later pregnancy
(gestational months 3–9) on the association between exposures to ambient nitrogen dioxide (NO2)
estimated at a residence and wheeze. Pregnant women with asthma (n=602) were recruited from 56
obstetric practices and 15 clinics associated with six hospitals in Connecticut and western Massachusetts
(USA) [10, 11]. The Yale University Human Investigation Committee (New Haven, CT, USA) approved
this study, and all subjects gave informed consent. Women who reported a physician diagnosis of asthma
plus reported either asthma symptoms or use of asthma medications (i.e., rescue medication, including
short-acting bronchodilators, and maintenance medication, including inhaled or systemic steroids,
cromolyn, theophylline, long-acting β2 agonists and leukotriene inhibitors) in the year before pregnancy
were eligible for inclusion in this analysis. Subjects were questioned about symptom and asthma
medication use for each gestational month of pregnancy and about other covariates representing additional
risk factors related to pregnancy, demographics, current health status and household exposures.
Gestational month observations with complete data were included, a total of 4999 observations. For each
gestational month, a traffic-based model [12] was used to estimate residential NO2 exposure, a major
component of the traffic-related pollutant mixture often used as a surrogate exposure for this important
asthma trigger [13]. The outcome of interest was days of wheeze categorised for each 28-day period as
none, 1–7, 8–14, >14 but not daily, and daily.

Asthma medications were coded by type (i.e., rescue or maintenance medication, see list above) and a
medication step variable was created for each gestational month defined as “0” for no asthma medication
use, “1” for use of rescue medication only, then regardless of rescue medication use, a value of “2,” “3,” or
“4” was assigned for the use of 1, 2, or 3 or more maintenance medications, respectively. A change in
medication use variable was created by comparing the maximum medication step in months 1 or 2 to the
maximum medication step in months 3–9: “1” represented a reduction and “0” represented no change or
an increase in medication step.

To allow for repeated measures, we used hierarchical ordered logistic regression models with a random
term for subject. Generalised linear mixed models (GLIMMIX in SAS [14]) using a compound symmetry
covariance structure were used to examine unadjusted associations between wheeze and covariates
(controlling for month of pregnancy). Final models examined health effects of exposures to NO2 on
wheeze adjusted for change in medication use, other covariates (age, ethnicity, education level,
pre-pregnancy body mass index (BMI), allergic status, tobacco smoke exposure during pregnancy, gas
stove use, reported mold or mildew, month of pregnancy) and season of observation (defined as cool
months (Oct 15–Apr 15) or warm months).

The proportional odds assumption was satisfied for the five-level wheeze variable. The impact of change in
medication use and season on the relationship between exposure and wheeze was explored in adjusted
models by including, along with a term for the main effect of NO2, an interaction term for each of these
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variables and NO2. Odds ratios were calculated for the effect of NO2 exposure on the health outcome
accounting for different values of interacting covariates.

In models adjusted only for month of pregnancy, risk for increased wheeze was associated with older
maternal age: compared with pregnant women younger than 20 years of age, pregnant women aged
35 years or older were 3-times more likely to have increased wheeze (OR 3.37, 95% CI 1.60–7.11).
Compared to white women, Hispanic women were nearly 54% less likely to report wheeze (OR 0.46, 95%
CI 0.29–0.74). Women who reported a history of allergies (OR 2.25, 95% CI 1.42–3.55) or reported any
history of cigarette smoking (OR 2.02, 95% CI 1.27–3.20) were twice as likely to experience increased
wheeze. Increased risk of wheeze was associated with pre-pregnancy obesity (BMI>29 kg·m−2; OR 1.72,
95% CI 1.08–2.75). Observations from gestational months occurring during the cool months of the year
were associated with a 45% increased risk of wheeze (OR 1.45, 95% CI 1.26–1.66). Neither years of
education, second-hand smoke exposure during pregnancy, gas stove use nor reported mold were
significantly associated with days of wheeze. Importantly for the study hypothesis, women who reduced
their asthma medication during pregnancy were twice as likely to experience increased days of wheeze (OR
2.17, 95% CI 1.39–3.39).

The mean±SD of the individual NO2 exposure data, used in the health effects analyses from the
traffic-based model, was 13.9±3.4 ppb. Figure 1 illustrates the relationship between wheeze, exposure to
NO2, month of pregnancy and change in medication use. The percentage of subjects experiencing wheeze
in a gestational month is greater for women in the reduced maintenance medication group (fig. 1, circles)
compared with women who maintained or increased their level of medication (fig. 1, triangles). This
occurred particularly for exposure to NO2 concentrations at or above 16 ppb (mean frequencies 29.5%
versus 17.2%; fig. 1 filled symbols), less so below 16 ppb (mean frequencies 20.4% versus 18.5%; fig. 1,
open symbols). The differential effect of NO2 on wheeze across months of pregnancy is seen especially for
women exposed to the highest concentration levels (⩾16 ppb) who reduced medication use.

In fully adjusted, ordered logistic regression models, the magnitude of the effect of NO2 was dependent on
both medication use and season: parameter estimates were significant for the main effect of NO2

(p=0.001) as well as for the interaction terms for NO2 and medication use (p=0.01) and NO2 and season
(p=0.004). For pregnant women who maintained their asthma medication use during pregnancy, a 5-ppb
(interquartile interval) increase in NO2 exposure during the warm months resulted in an increased risk for
increased days of wheeze (OR 1.68, 95% CI 1.25–2.26). During this same time period, pregnant women
who reduced use of their asthma medication were at more than double the risk of increased wheeze for a
5-ppb increase in NO2 (OR 2.57, 95% CI 1.73–3.81). During the cool months, no significant risks for
increased wheeze were associated with increases in NO2 exposure for women who maintained their
medication use. Women who reduced their medication use were at an increased risk of wheeze during cool
months associated with each 5-ppb increase in NO2 concentration (OR 1.81, 95% CI 1.23–2.67).
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FIGURE 1 Percentage of pregnant women with asthma reporting wheeze for more than 7 days per month for estimated
residential exposures to NO2 at levels above (filled symbols) or below (open symbols) 16 ppb during gestational months
3–7. Women (n=602) were classified according to their use of asthma maintenance medication in months 3–9
compared to usage in months 1 or 2: those who reduced their use of medication (n=152; circles) and those who
maintained or increased their medication (n=450; triangles).
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For exposure to spatially heterogeneous, traffic-related pollutants, such as NO2, estimates of locally
encountered pollution near roadways is important for understanding associations with health effects [15].
One strength of our study is that our spatially integrated traffic-based model [12] estimated NO2 exposures
at a residential level.

In a recent US study of medication dispensed during pregnancy among women with asthma, 63% filled
prescriptions for asthma medication [2]. Over the course of the 6-year study, dispensing maintenance-only
medication increased while rescue-only medication dispensing decreased [2], perhaps reflecting the
medical community’s commitment to treating asthma during pregnancy. One limitation of their study is
the inability to measure compliance in medication usage. Although we had no prescription data to assess
compliance, in our study, 25% of the women decreased their asthma medication use.

Most current evidence suggests that benefits of maintaining adequate therapy outweigh risks of adverse
outcomes [4–6] and that increased patient education may help pregnant asthmatics overcome their reluctance
to maintain treatment [4, 5]. Reduction of asthma medication use during pregnancy is a potentially
modifiable risk that if avoided or reversed could have a beneficial effect on maternal and fetal health.
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