IMMUNOLOGY
AND ALLERGY

CLINICS

SAUNDERS Immunol Allergy Clin N'Am OF NORTH AMERICA
26 (2006) 29—-62 "

The Epidemiology of Asthma During
Pregnancy: Prevalence, Diagnosis,
and Symptoms

Helen L. Kwon, PhD?, Elizabeth W. Triche, PhD®,
Kathleen Belanger, PhD®, Michael B. Bracken, PhD>*

“Department of Epidemiology, Mailman School of Public Health, Columbia University,
722 West 168th Street, 7th Floor, New York, NY 10032, USA
®Yale Center for Perinatal, Pediatric and Environmental Epidemiology,
Department of Epidemiology and Public Health, Yale University School of Medicine,
One Church Street, 6th Floor, New Haven, CT 06510, USA

Asthma is reported to be the most common obstructive pulmonary disease of
pregnancy and one of the most common serious medical conditions to complicate
pregnancy [1,2]. Trends in asthma prevalence in the United States have increased
over the past several decades, particularly among younger age groups, which
suggests a concurrent increase in prevalence in the pregnant population [3,4]. We
previously demonstrated from U.S. national health surveys that the prevalence
of asthma during pregnancy in 1997 to 2001 was between 3.7% (95% CI,
2.7%—4.7%) and 8.4% (95% CI, 7.1%-9.8%) [5].

This article provides an overview of the most current national and interna-
tional trends in the epidemiology of asthma during pregnancy. We begin by using
several recent national health surveys to update our previous estimates of the
prevalence of ever having received a diagnosis of asthma by a health pro-
fessional, and current asthma, among pregnant women and women of child-
bearing age in the United States. Trends in these estimates over time are
examined, and markers of asthma control are described by population character-
istics. A summary of international estimates of asthma in pregnancy is provided.
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We also review some potential problems in the validity of asthma diagnoses and
conclude with a description of reported asthma symptoms and medication use in
pregnancy from a large ongoing prospective study.

Asthma prevalence
Prevalence of asthma during pregnancy in the United States

Data sources

The National Health Interview Survey (NHIS) is a cross-sectional survey,
which is planned and conducted in conjunction with the U.S. Bureau of the
Census. Since its inception in 1957, the NHIS has been the primary source of
general health information on the civilian, noninstitutionalized population of the
United States, and the primary source of asthma prevalence data in the non-
pregnant population of the United States [6]. A 1997 survey redesign added
questions about asthma that inquired explicitly about physician-diagnosed
asthma, asthma attacks in the past 12 months, and visits to an emergency room
or urgent care center because of asthma in the past 12 months. Women 18 to
49 years of age were asked about their current pregnancy status. In 2001, a ques-
tion about current asthma was added that allows comparability to other national
surveys that inquire about asthma. In 2003, the response rate for total households
was 89.2% and for adults was 77.3%.

The National Health and Nutrition Examination Survey (NHANES), ad-
ministered by the National Center for Health Statistics (NCHS), is a national
probability sample of the civilian, noninstitutionalized population of the United
States. In addition to a home interview, NHANES includes medical and dental
examinations, physiologic measurements, and laboratory tests performed by
trained medical personnel in Mobile Examination Centers [7]. Beginning in 1999,
NHANES became a continuous, annual survey rather than a periodic survey.
Survey data are released every 2 years for public use. The overall response rate
for NHANES II (1976-1980) was 73% and for NHANES III (1988-1994) was
79% [7,8]. For 1999-2000, the overall interview response rate was 82% and the
examined response rate was 78%.

The Behavioral Risk Factor Surveillance System (BRFSS), a collaboration
between the Centers for Disease Control and Prevention and U.S. states and
territories, is a random-digit—dialed telephone survey of one adult per household
that has collected uniform, state-specific data of the adult population 18 years of
age or older since 1984 [9]. Poststratification adjustment of BRFSS data, which
forces the sum of the weighted frequencies to equal population estimates for each
region or state, enables nationally representative estimates to be produced. By
1996, 50 states, the District of Columbia, Puerto Rico, and the Virgin Islands
were participating in BRFSS. In 2000, questions about pregnancy and asthma
were added to the core component of the questionnaire [10]. In 2003, the median
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survey response rate among U.S. states and territories was 53.2% (ranging from
34.4% in New Jersey to 80.5% in Puerto Rico) [11].

Assessment of pregnancy and asthma

Table 1 describes the questions on pregnancy and asthma from the 2001-2003
NHIS, 2000-2003 BRFSS, NHANES III (1988-1994), 1999-2000 NHANES,
and 2001-2002 NHANES. Because of an unusually low response rate to the
question about current asthma in the 1999-2000 NHANES, most of the analyses
that involve NHANES focus on the 2001-2002 NHANES. Markers of asthma
control, including asthma attacks and asthma-related emergency visits, were
evaluated from the 1997-2003 NHIS. Asthma attacks were assessed among those
who reported an asthma diagnosis with the question, “During the past 12 months,
have you had an episode of asthma or asthma attack?”’. Among those who
reported an asthma attack, asthma-related emergency visits were considered with,
“During the past 12 months, have you had to visit an emergency room or urgent
care center because of asthma?”.

Data analysis

In our analysis, women of childbearing age were defined as 18 to 44 years of
age. Women who were unsure or refused to answer the questions about their asthma
were excluded from all analyses; women who were unsure or refused to answer
the questions about pregnancy were excluded from analyses of pregnant women.

To increase comparability between surveys, weighted state-specific BRFSS
data were aggregated and subsetted to exclude Puerto Rico, Guam, and the Virgin
Islands. Data from multiple years were combined to increase the precision of
estimates. Estimated numbers of U.S. women and prevalence rates with 95%
confidence intervals were calculated from the 2000-2003 BRFSS and 2001-2003
NHIS for ever having received an asthma diagnosis and current asthma among
pregnant women and women of childbearing age. Trends over time among
women of childbearing age were examined using NHANES II, NHANES III, and
the 2001-2002 NHANES. Because of small numbers among population sub-
groups, data were combined from the 1997 to 2003 NHIS surveys to describe
asthma control by various demographic characteristics. Prevalence estimates for
asthma attacks and asthma-related emergency visits were calculated. Weighted
prevalence estimates and standard errors for all datasets were calculated using
SUDAAN, a statistical software package that is used to account for the complex
survey design and to adjust for selection probability, oversampling, and non-
response. In keeping with NCHS standards, estimates were considered statisti-
cally unreliable and not reported if the relative standard was greater than 30%. All
analyses were performed using SAS Version 9.1 (SAS Institute, Cary, North
Carolina) and SUDAAN Release 9.0 (RTI, Chapel Hill, North Carolina).

Estimates of asthma prevalence
We derived estimates of the prevalence of asthma in pregnant and all child-
bearing-aged women from the following unweighted numbers of women 18 to
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44 years of age: 233,161 in the 20002001 BRFSS, 64,564 in the 19972003 NHIS,
and 1622 in the 2001-2002 NHANES. The weighted proportion of current
pregnancy among all women aged 18 to 44 ranged from 4.4% in the 2001-2003
NHIS to 8.7% in the 2001-2002 NHANES.

As shown in Table 2, the number of women 18 to 44 years of age who ever
received a diagnosis of asthma from a health professional in the United States is
estimated to range between 6.8 and 7.4 million—12.3% (95% CI, 11.9%—12.8%)
and 13.7% (95% CI, 13.4%-13.9%) of childbearing-aged women in the 2001—
2003 NHIS and the 2000-2003 BRFSS, respectively. Among pregnant women
18 to 44 years of age, approximately 233,607 to 300,151 women, or 12.4% (95%
CI; 11.2%-13.8%) of pregnant women in the 2000-2003 BRFSS and 12.6%
(95% CI, 10.4%—15.2%) of pregnant women in the 2001-2003 NHIS have re-
ceived a diagnosis of asthma. Age-specific rates of ever having received a diag-
nosis are slightly lower among pregnant women 25 to 44 years of age compared
with all childbearing-aged women 25 to 44 years of age, but are comparable or
slightly higher among pregnant women 18 to 24 years of age compared with all
childbearing-aged women 18 to 24 years of age.

Table 2 also describes the prevalence of current asthma among women 18 to
44 years of age. An estimated 4.6 to 5.1 million women in the United States
annually, or 8.4% (95% CI, 8.0%—-8.8%) and 9.5% (95% CI, 9.3%-9.7%) of
childbearing-aged women in the 2001-2003 NHIS and the 2000-2003 BRFSS,
respectively, reported current asthma. Among pregnant women 18 to 44 years of
age, 157,648 to 209,396 women, or 8.4% (95% CI, 7.4%9.5%) of pregnant
women in the 2000-2003 BRFSS and 8.8% (95% CI, 7.0%—-11.0%) of pregnant
women in the 2001-2003 NHIS, had current asthma. Age-specific rates of current
asthma are lower among pregnant women 25 to 44 years of age compared with all
childbearing-aged women 25 to 44 years of age, but are comparable or slightly
higher among pregnant women 18 to 24 years of age compared with all child-
bearing-aged women 18 to 24 years of age. Among women 18 to 24 years of age,
12.2% (95% CI, 9.9%-14.9%) and 12.3% (95% CI, 8.6%—17.3%) of pregnant
women in the 2000-2003 BRFSS and the 2001-2003 NHIS, respectively, re-
ported current asthma.

A slightly higher estimate (14.7%; 95% CI, 8.0%—25.6%) of pregnant woman
who ever had received a diagnosis of asthma came from the 2001-2002 NHANES
(Table 3). The results from the 1999-2000 NHANES are slightly higher, although
the confidence intervals are wide and overlap between 1999-2000 and 2001—
2002. We were unable to estimate current asthma among pregnant women from
the 2001-2002 NHANES because of the small sample size.

Trends in asthma prevalence over time

Trends over time in asthma prevalence among women of childbearing age
(1844 years of age) were analyzed using NHANES II, NHANES III, and 2001—
2002 NHANES, and among pregnant women using NHANES III and 2001-2002
NHANES (see Table 3). As reported previously [5], between 1976 to 1980 and
1988 to 1994, the prevalence of ever having received a diagnosis of asthma
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increased from 6.0% (95% CI, 4.2%-7.9%) to 7.6% (95% CI, 5.7%-9.5%)
among women of childbearing age, whereas the prevalence of current asthma
doubled from 2.9% (95% CI, 1.6%4.2%) to 5.7% (95% CI, 4.8%—6.7%).
Among the youngest age group (18-24 years of age), the prevalence of current
asthma more than tripled from 1.8% (95% CI, 0.9%-2.7%) to 6.0% (95% CI,
4.0%-8.0%). Between 1988 to 1994 and 2001 to 2002, the prevalence of ever
having received a diagnosis of asthma doubled to 15.2% (95% CI, 11.7%—
19.5%), whereas the prevalence of current asthma increased to 9.0% (95% CI,
6.6%—-12.2%).

Among pregnant women, between 1988 to 1994 and 2001 to 2002, the preva-
lence of ever having received a diagnosis of asthma more than doubled from
6.6% (95% CI, 2.7%-10.4%) to 14.7% (95% CI, 8.0%-25.6%) (see Table 3). We
were unable to assess trends in current asthma over time in pregnant women
because of the small sample size of the 2001-2002 NHANES.

Estimates of asthma control during pregnancy

As demonstrated in Table 4, the estimated annual prevalence of self-reported
asthma attacks by pregnant women in the United States is 4.1% (95% CI, 3.4%—
5.1%). Thus, an estimated 98,164 of 254,970, or 38.5% (95% CI, 32.2%—45.3%)
of pregnant women with an asthma diagnosis in the United States reported having
experienced at least one asthma attack in the previous year. The prevalence of
asthma attacks seems to be elevated among pregnant women who are younger,
unmarried, or have a lower annual family income. Puerto Rican women, in
particular, are much more likely than other Hispanic subgroups or racial/ethnic
groups to report an asthma attack in the previous year. As Figs. 1 through 5
demonstrate, however, the effect of race/ethnicity differs by marital status and
income; unmarried and lower income white, non-Hispanic women who are preg-
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Fig. 1. Trends over time in asthma prevalence among pregnant and childbearing-age women,

18-24 years of age—United States, National Health and Nutrition Examination Survey.
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Fig. 2. Asthma attack prevalence among childbearing-age women, 18-24 years of age by race/
ethnicity and marital status—United States, National Health Interview Survey, 1997-2003.

nant have a higher prevalence of asthma attacks than do pregnant Hispanics overall.
In addition, the prevalence of asthma attacks among married pregnant women
(3.1%; 95% CI, 2.4%4.0%) is slightly lower than the rate among married
childbearing-aged women overall, whereas the attack prevalence of 7.1% (95% ClI,
5.0%-10.0%) is slightly higher. There seems to be some variation in the asthma
attack prevalence by geographic region of residence within the United States.
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Fig. 3. Asthma attack prevalence among childbearing-age women, 18-24 years of age by race/
ethnicity and family income—United States, National Health Interview Survey, 1997-2003.
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Fig. 4. Asthma attack prevalence among childbearing-age women, 18-24 years of age by race/
ethnicity and marital status—United States, National Health Interview Survey, 1997-2003.

Table 4 also shows that the estimated annual prevalence of self-reported
emergency visits for asthma by pregnant women in the United States is 1.6%
(95% CI, 1.2%—2.2%). Thus, an estimated 37,990 of 98,164, or 38.7% (95% ClI,
28.9%—49.5%) of pregnant women who have experienced at least one asthma
attack in the previous year report having had to visit an emergency room or
urgent care center because of asthma during that year. The prevalence of asthma
emergency visits seems to be elevated among pregnant women who are younger,

3<$20,000
m$20,000+

Hispanic White, non-Hispanic

Fig. 5. Asthma attack prevalence among pregnant women, 18-24 years of age by race/ethnicity and
family income—United States, National Health Interview Survey, 1997-2003.
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unmarried, of lower income status, of Hispanic or Latino heritage, or live in the
northeast United States.

Prevalence of asthma during pregnancy internationally

We assessed recent international reports of asthma in pregnancy. An electronic
search was conducting with MEDLINE/PUBMED (1990 to August 2005) using
the search strategy: asthma and (pregnancy or pregnant). Studies were included
that assessed whether pregnant or recently delivered women had ever had asthma
or currently had asthma. Studies were not excluded on the basis of language or on
the basis of providing a nationally representative sample. Results are summarized
in Table 5 [12-22]. Estimates of current asthma during pregnancy ranged from
0.4% from hospital discharge data that were collected for administrative purposes
in Canada between 1989 and 1996, to 12.4% of pregnant women in Western
Australia, where asthma prevalence in the general population is much higher.
Differences in definitions of asthma, time periods, and populations assessed may
have contributed to the wide geographic variation that was observed. Interna-
tional studies of children and adults using standardized definitions for assessing
asthma within a shared time frame demonstrated striking differences in asthma
prevalence throughout the world [23,24]. Differences in genetic, social,
environmental, and health care context that are experienced by pregnant women
across settings also may contribute to international variations in the prevalence of
asthma during pregnancy.

Conclusions on prevalence

Data from the most recent U.S. national health surveys demonstrate that the
prevalence of current asthma during pregnancy is between 8.4% (BRFSS, 95%
CI; 7.4%-9.5%) and 8.8% (NHIS, 95% CI, 7.0%—11.0%). The prevalence seems
to be increasing, as indicated by increasing prevalence among younger pregnant
women in these data, as well as increasing trends over time in women of
childbearing age in NHANES. The addition of a question about current asthma to
the 2001 NHIS allowed us to estimate the prevalence of asthma in a comparable
manner to the BRFSS and to consider asthma attack prevalence separately, as a
marker of asthma control.

The estimated annual prevalence of self-reported asthma attacks by pregnant
women in the United States is 4.1% (95% CI, 3.4%—5.1%). Hence, an estimated
98,164 0 254,970, or 38.5% (95% CI; 32.2%45.3%) of pregnant women with an
asthma diagnosis in the United States report having experienced at least one
asthma attack in the previous year. An estimated 37,990 of 98,164, or 38.7% (95%
CI; 28.9%—49.5%) of pregnant women who experienced at least one asthma attack
in the previous year report having had to visit an emergency room or urgent care
center because of asthma during that year. Thus, a substantial portion of pregnant
asthmatics seem to be experiencing significant asthma-related morbidity.
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We found that this burden did not seem to be shared evenly across population
subgroups. The prevalence of asthma attacks and asthma-related emergency visits
was elevated among pregnant women who were younger, unmarried, of lower
income, or of Puerto Rican or non-Hispanic black background (in the case of
asthma-related emergency visits). We were unable to sort out the complex rela-
tionships between race/ethnicity and socioeconomic status and health care use
behavior, or to demonstrate whether the effects of a characteristic (eg, marital
status) reflects the influence of access to material resources, socioeconomic po-
sition, the presence or absence of social support, or other factors.

Despite the paucity of international data on asthma in pregnancy and the lack
of consistency in study design and measurement of asthma between studies, we
were able to demonstrate some of the international variation in asthma preva-
lence. Further work with nationally representative data is needed to characterize
better the international trends in asthma during pregnancy.

Understanding national and international epidemiologic trends in asthma
during pregnancy is relevant to the clinician and researcher. Continued develop-
ments in the epidemiology of asthma during pregnancy will provide the context
for further understanding of disease etiology as well as improvement in the pre-
vention and management of this widely prevalent condition. Refer to Box 1 for a
summary of asthma prevalence.

Box 1. Summary: asthma prevalence

Asthma was estimated to affect between 157,648 and 209,396
pregnant women in 2000 to 2003, or approximately 8.4% to 8.8%
of pregnant women in the United States.

Between 1988 to 1994 and 2001 to 2002, the prevalence of
ever having been diagnosed with asthma among pregnant U.S.
women increased from 6.6% to 14.7%.

Approximately 4.1% of pregnant women in the United States
report having had an asthma attack in the previous year.

A substantial proportion of pregnant women with an asthma
diagnosis, 38.5%, report having had an asthma attack in the pre-
vious year, and 38.7% of women with an asthma attack report
having had to visit an emergency room or urgent care center be-
cause of their asthma.

Pregnant women who were younger, unmarried, of lower in-
come, Puerto Rican, or lived in the northeast United States ex-
perienced more asthma attacks or asthma-related emergency visits
during the previous year.

International studies demonstrate wide variations in asthma
prevalence during pregnancy; further characterization of interna-
tional trends is needed.
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Asthma diagnosis
How valid are survey data on asthma prevalence?

Survey prevalence data are heavily dependent on the diagnosis of asthma by a
doctor or health professional (see Table 1). Other studies that use chart review,
administrative databases, or medical records also frequently depend on clinical
diagnoses and other information that requires an encounter with the health care
system. We are unaware of specific studies that examined diagnostic validity in
pregnant women; however, it is likely that issues in diagnosing asthma in non-
pregnant women are similar and are reviewed briefly below.

Underdiagnosis of asthma

Prevalence of asthma is estimated from national surveys in which women are
asked, “Have you ever been told by a doctor or other health professional that you
have asthma?” (emphasis added). The accuracy of these estimates relies on the
validity of the asthma diagnosis at any point in the subject’s life, but particularly
during childhood; the validity and reliability of asthma diagnosis in the com-
munity; and whether the diagnosis was communicated to, and understood by, the
patient. Rather than taking these factors into account, investigations of under-
diagnosis of asthma usually compare asthma symptoms that are reported on
questionnaires with reports of diagnosis on the same questionnaire.

There has been concern that minority children and children in poverty may be
less likely to be diagnosed with asthma because of the lack of access to ap-
propriate health care. Akinbami and colleagues [25] examined this possible bias
in the National Health Interview Survey. The analysis included children ages 3 to
17 years. Among children who wheezed in the past 12 months, minority children
were more likely to have an asthma diagnosis. After controlling for severity of
symptoms, 56.9% of white children who wheezed had an asthma diagnosis,
compared with 70.5% of black non-Hispanic children, 82.8% of Puerto Rican
children, and 65.4% of Mexican children. Similarly, children from low-income
families who wheezed were more likely to be diagnosed than were those from
middle income families.

The relationship of asthma diagnosis in children to socioeconomic status also
was investigated in Sheffield, United Kingdom [26]. A survey was conducted of
all 8- and 9-year-old school children using the International Study of Asthma and
Allergies in Children (ISAAC) questionnaire. Social deprivation was based on
postal code and divided into quintiles. Among 637 children who reported “sig-
nificant asthma symptoms,” 383 (60.1%) reported no physician diagnosis; this
proportion did not vary across social status. Asthma symptoms were more
prevalent among more socially deprived children, and asthma medication use in
the absence of physician diagnosis was more prevalent among the more socially
advantaged, which suggested some bias in the labeling of asthma.
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Some investigators also identified gender differences in asthma diagnosis in
children; girls are less likely to be diagnosed with asthma than are boys, despite
having similar symptoms. In a national study in the United Kingdom [27], the
ISAAC protocol was used to measure wheezing and asthma diagnosis in a
representative sample of 12- to 14-year-olds. Wheeze in the past 12 months was
reported by 33.3% of respondents, and was more common in older children and
in girls (odds ratio, 1.14; 95% CI, 1.08—1.20). Asthma diagnosis was reported by
20.9% of children but was less common in girls.

In a school study in Denmark, girls also were more likely to have un-
diagnosed asthma [28]. In this study of 495 children, 292 were selected at ran-
dom and 203 were selected based on family history of asthma. Evaluation
included peak flow, spirometry, methacholine challenge, and exercise testing.
Subjects who had no asthma diagnosis but who had asthma symptoms and at
least one positive test were considered to be undiagnosed asthmatics. Among
those who had diagnosed asthma, 33% were girls, compared with 69% among
those who were undiagnosed. Other factors that were associated independently
with the underdiagnosis of asthma were low physical activity and high body
mass index (BMI).

Overdiagnosis of asthma

Despite the National Asthma Education and Prevention Program [29] recom-
mendations for assessment of lung function using peak flow or spirometry, in
clinical practice asthma often is diagnosed based solely on respiratory symptoms.
This may lead to overdiagnosis of asthma because respiratory symptoms in the
adult population may be related to chronic obstructive pulmonary disease or other
respiratory conditions.

In the United States, Macy and colleagues [30] used the Kaiser Permanente
database in San Diego County, California to identify adult asthmatics. All mem-
bers (18—64 years; mean age, 51 years) who had a hospital, emergency depart-
ment, or outpatient visit for asthma or two or more dispensed prescriptions of
asthma medication during 2001 were included (n=12,315). Of these, 7460 were
considered to be low risk; 400 low-risk patients were selected randomly for
diagnostic evaluation. Asthma could be confirmed in only 62.2% (51/82) of the
subjects who completed the clinical and pulmonary function evaluation.

Similar evidence of overdiagnosis was reported from Halifax, Nova Scotia,
Canada [31]. Among 90 adults who were diagnosed as having asthma by a
physician, 41% had no evidence of reversible airflow obstruction, and had
negative methacholine challenge tests. Only 52.2% of subjects reported having
undergone any pulmonary function testing previously. Among subjects in whom
asthma was not confirmed, 62% were taking asthma medications.

Among 206 patients (mean age, 36 years) who were diagnosed with asthma
and referred to the Asthma Center at Toronto Hospital [32], 129 (62.6%) did not
have airway responsiveness on methacholine challenge tests. Of the patients who
did not have airway responsiveness, 62% were receiving medication and had a
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Box 2. Summary: asthma diagnosis

There is evidence that asthma is under- and overdiagnosed in a
variety of countries and settings.

There is a suggestion that systematic bias in reporting may
occur differentially by ethnicity and socioeconomic status.

A lack of diagnostic validity may influence survey
prevalence data.

mean duration of medication use of 2 years. After specialist evaluation, 98 of
206 patients (47.6%) had confirmed asthma. This study was not population-
based, and referral to the Asthma Center may overrepresent patients who have
atypical presentations or treatment failures as compared to the general population
of asthmatics.

In Goteborg, Sweden, two population-based primary care practices were
studied; all adult patients who had an asthma consultation were eligible for an
extensive asthma evaluation [33]. Of 123 eligible adults, 86 attended and 57 (66%)
had an asthma diagnosis confirmed. Failure to confirm the diagnosis of asthma
was more common in women (36%) than in men (29%) and in patients who were
older than 50 years (47%).

In summary, no study has examined the validity of asthma diagnoses in
pregnant women specifically. Nonetheless, evidence from adults, in general, and
women of childbearing age, in particular, suggests that under- and overreporting
is a probable occurrence. Moreover, some systematic bias is likely with respect to
ethnicity and socioeconomic status. Much more research is required to investigate
the validity of asthma diagnoses, in general, and in pregnant women, in particular
(Box 2).

Symptoms and medication use

If asthma diagnoses have uncertain validity, is it possible to study asthma
symptoms and asthma medication use, and what is the relationship between
diagnosis, symptoms, and medication? Epidemiologic data on asthmatic pregnant
women is sparse; many studies provide information only on the diagnosis of
asthma, rather than on the frequency of symptoms and medication use related to
asthma. In this section, we describe data from the women who had physician-
diagnosed asthma from our cohort study that examined the effect of asthma and
medication use on pregnancy outcomes. Although the population is limited to the
northeastern United States, and may not be generalizable to other pregnant
asthmatic women, it provides some of the most comprehensive and detailed
information on symptom frequency, medication use, and emergency care among
asthmatic women in pregnancy.
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Symptoms and medication use in the year before pregnancy

Asthma symptoms (wheeze, chest tightness, shortness of breath, or persistent
cough) are common in women who have physician-diagnosed asthma, before and
during pregnancy. Of 941 women studied, nearly 80% had at least one asthma
symptom—approximately two thirds had wheeze, shortness of breath, or chest
tightness, and nearly half had persistent cough—during the year before preg-
nancy (Table 6). White, African American, and Hispanic women had similar
frequencies of asthma symptoms, whereas women who were Asian or other race
had lower frequencies of all asthma symptoms. Younger, less educated women
were less likely to have asthma symptoms in the year before pregnancy, whereas

Table 6
Distribution of asthma symptoms in the year before pregnancy by selected population characteristics
among women with self-reported history of physician-diagnosed asthma

Percent with

Percent with  shortness of  Percent with Percent with

Population characteristic ~ N*  wheeze breath chest tightness  persistent cough
Total population 941 673 69.7 62.2 46.5
Race

White 560  69.3° 72.7° 64.1 45.0°

African American 95 716" 74.5° 62.1 55.8°

Hispanic 234 63.7° 63.8° 60.9 48.7°

Asian/Other 46 522° 52.2° 46.8 34.8°
Age (y)

<20 156 57.7° 61.3° 54.1° 42.6

20-<25 165 64.8° 66.9° 59.8° 482

25-<30 238 73.5° 73.3° 66.8° 52.3

30-<35 239 70.7° 76.8° 67.6° 44.4

>35 138 64.5° 54.0° 57.3° 41.7
Education

<High school 199 59.8° 63.6 54.8 47.0°

High school graduate 189 69.3° 71.3 66.1 51.6°

Some college 223 72.2° 74.7 63.7 52.5°

College graduate 167  72.5° 69.1 65.9 39.3°

>College graduate 158 62.7° 69.7 61.9 38.8°
BMI

Underweight 103 62.1° 68.9 65.0 47.6°

Normal 457 64.8° 67.8 59.5 39.9°

Overweight 132 68.2° 71.2 62.9 47.3°

Obese 240 74.6° 73.5 66.7 58.2°
Smoked in year before pregnancy

No 678  65.3° 68.4 60.5° 43.4°

Yes 257 72.4° 72.9 66.7° 54.3°
Pets kept in home

No 428  63.8° 65.4° 58.3° 45.9

Yes 508 70.3° 73.3° 65.6° 47.0

? Totals may differ due to missing values.
b 2 P<.05.
€ .05<P<.10.



EPIDEMIOLOGY OF ASTHMA DURING PREGNANCY 51

those who smoked or kept pets in the home were more likely to have asthma
symptoms in the year before pregnancy. Increasing BMI was associated with
increasing frequency of wheeze and persistent cough.

Consistent with the episodic and variable nature of asthma, the number of
months during which a woman had symptoms in the past year ranged from 0 to
12 (Table 7). Most women (69%) had symptoms for less than 6 months during
the year, whereas 24% were symptomatic for 10 or more months. In contrast, a
smaller proportion of women (26%) took controller medications in the year
before pregnancy, and only 13% took them for 10 or more months.

Table 7
Distribution of asthma symptoms and controller medication use in year before pregnancy among
women with self-reported history of physician-diagnosed asthma

N %
Wheeze
None 306 32.7
1-3 mo 255 27.2
4—-6 mo 161 17.2
7-9 mo 57 6.1
10 or more mo 158 16.9
Shortness of breath
None 281 30.3
1-3 mo 268 28.9
4-6 mo 164 17.7
7-9 mo 52 5.6
10 or more mo 163 17.6
Chest tightness
None 352 37.7
1-3 mo 267 28.6
4—-6 mo 146 15.6
7-9 mo 45 4.8
10 or more mo 124 13.3
Persistent cough
None 501 53.6
1-3 mo 219 23.4
4—-6 mo 98 10.5
7-9 mo 28 3.0
10 or more mo 89 9.5
Any asthma symptom (wheeze or chest tightness or persistent cough)
None 197 21.0
1-3 mo 266 28.4
4—-6 mo 184 19.6
7-9 mo 69 7.4
10 or more mo 221 23.6
Controller medication use
None 694 73.8
1-3 mo 87 9.2
4—-6 mo 22 2.3
7-9 mo 19 2.0

10 or more mo 119 12.6
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Frequency of symptoms was related to controller medication use in the year
before pregnancy; those who had more symptoms were more likely to use
controller medications (inhaled steroids, leukotriene inhibitors, cromones, the-
ophylline, long-acting (3, agonists, or systemic steroids). Most women in each
symptom frequency group, however, including those who had symptoms for at
least 10 months in the year, did not take controller medications. Only 22% of
women with 1 to 3 months of asthma symptoms, 31% with 4 to 6 months of
asthma symptoms, 52% with 7 to 9 months of asthma symptoms, and 42% with
10 or more months of asthma symptoms in the year before pregnancy reported
using any controller medication in that year.

Table 8
Average Global Initiative for Asthma treatment step in year before pregnancy by selected study
population characteristics among women with self-reported history of physician-diagnosed asthma

Average GINA treatment step in year before

Total pregnancy (%)

Population characteristic N* % 0 1 2 3 4
Total 941 100.0 38.7 422 12.7 4.1 2.3
Race

White 561 59.8 35.6° 40° 16.2° 5.2° 3.0°

African American 9 10.2 40.6° 43.8° 11.5° 1.0° 3.1°

Hispanic 235 25.0 42.1° 48.1° 6.4° 2.6" 0.8°

Asian/other 47 5.0 55.2° 36.2° 43° 43° 0.0°
Age

<20 158 16.8 44.9° 50.7° 3.8° 0.6° 0.0°

20-<25 166 17.7 42.2° 44.6° 10.8° 1.2° 1.2°

25-<30 238 253 36.6° 39.5° 14.7° 420 5.0°

30-<35 239 25.4 31.8° 43.6° 14.6° 7.5° 2.5°

>35 139 14.8 43.9° 31.6° 17.3° 5.8° 1.4°
Education

<High school 201 214 43.3° 47.7° 6.5° 1.5° 1.0°

High school graduate 190 20.2 42.1° 42.1° 11.6° 2.6° 1.6°

Some college 223 23.7 39.0° 41.7° 13.9° 3.6° 1.8

College graduate 168 17.9 33.3° 44.0° 13.1° 6.6" 3.0°

>College graduate 158 16.8 34.2° 33.5° 19.6° 7.6° 5.1°
BMI

Underweight 103 11.0 41.7 40.8 10.7 3.9 2.9

Normal 459 49.1 39.9 41.8 11.1 44 2.8

Overweight 132 14.1 43.9 40.9 11.4 3.0 0.8

Obese 242 25.8 326 442 16.5 4.6 2.1
Smoked in year before pregnancy

No 680 724 37.6 923 12.9 44 2.8

Yes 259 27.6 42.0 41.7 12.0 3.1 12
Pets kept in home

No 430 45.7 40.5 422 11.9 3.5 1.9

Yes 510 543 374 42.0 133 4.5 2.8

# Totals may differ due to missing values.
b 2 P<.05.
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Most women in this population were not taking medications routinely to
control their asthma, and this was especially true for young, Hispanic, and less
educated women (Table 8). Only 19% of the study population had an average
Global Initiative for Asthma (GINA) treatment step of 2 or higher in the year
before pregnancy, a level that would indicate consistent, regular use of controller
medications. Nearly one quarter of white women, compared with 16% of African
American and 10% of Hispanic women, had an average treatment step of 2 or
higher. Similarly, a much larger proportion of women aged 25 and older, and
those who were well educated, used controller medications regularly during the
year before pregnancy.

Symptoms and medication use during pregnancy

Symptoms were equally common during pregnancy as before pregnancy in
this group of asthmatic women. Only 12% had no symptoms during pregnancy,
and 46% had an average GINA symptom step of 1, compared with 16% who
had symptoms almost daily across pregnancy (GINA symptom step of 3 or 4;
Table 9). Again, a much larger proportion (41%) of women did not take asthma
medications, especially controller medications, during pregnancy. Only 17% of
women had an average treatment step of 2 or higher (regular use of controller
medications) in pregnancy.

White and African American women were more likely to have moderate-
severe persistent asthma, on average, in pregnancy than were Hispanic or Asian/
other women (Table 10). A smaller percentage of younger women had moderate-
severe persistent asthma than did those who were 25 to 35 years old. Women who
smoked in pregnancy and those who kept pets in their homes were more likely to
have a higher average symptom step.

Table 9
Average and maximum Global Initiative for Asthma symptom and treatment steps across pregnancy
among women with self-reported history of physician-diagnosed asthma

Average across pregnancy Maximum across pregnancy
N % N %
GINA symptom step
Step 0 — no symptoms 105 12.0 105 12.0
Step 1 403 46.3 114 13.1
Step 2 227 26.0 257 29.5
Step 3 104 11.9 152 17.4
Step 4 33 3.8 244 28.0
GINA treatment step
Step 0 — no medications 356 40.8 356 40.8
Step 1 372 42.6 303 34.8
Step 2 106 12.2 133 15.2
Step 3 28 32 59 6.8

Step 4 10 1.2 21 2.4
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Table 10
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Global Initiative for Asthma symptom and treatment steps averaged across pregnancy among women
with self-reported history of physician-diagnosed asthma (n = 941) in the Asthma in Pregnancy Study,

19962001
GINA symptom step (%) GINA treatment step (%)

Population characteristic 0 1 2 3 4 0 1 2 3 4
Total population 121 462 261 118 38 408 427 122 31 12
Race

White 102° 453% 257 142° 46° 394 411 140 38 17
African American 13.0° 457* 22.8* 12.0* 6.5 413 456 9.8 22 1.1
Hispanic 146" 47.9° 29.1° 7.5% 09° 413 474 99 14 00
Asian/other 204 50.1*° 204* 6.8 23 545" 341 68 46 0.0
Age

<20 144* 555% 22.6° 4.8 27*° 412° 50.6° 7.5 0.7° 0.0°
20 to <25 123* 41°  31.8° 11.0° 3.9° 429° 455 11.0° 0.0° 0.6°
25 to <30 11.6° 444* 27.6* 12.0*° 44 422° 387 133* 49° 09°
30 to <35 11.2° 455% 228" 183" 22% 375 424 134 54° 1.3°
>35 11.5° 46.7* 262°  9.0° 6.6 41.0° 385" 13.9° 33* 337
Education

<High school 12.5° 50.5° 283%  4.9° 3.8° 402* 462° 12.0° 1.6° 0.0°
High school graduate  11.8® 45> 275> 129> 28" 434" 404 14.0* 1.1° 1.1°
Some college 13.5° 37.9° 260" 168" 5.8° 428 443° 86 3.8 0.5°
College graduate 135 48.0° 23.1° 122° 32° 359" 47.7° 103* 3.8 2.3°
>College graduate 83" 524° 24.1° 124> 28° 40.7° 33.8* 17.2% 62° 2.1°
BMI

Underweight 156 427 271 104 52 521° 302° 125° 3.1° 217
Normal 126 505 236 11.0 23 422° 442° 87* 42° 0.7°
Overweight 115 459 295 98 33 352° 451° 164* 2.5 08°
Obese 9.0 410 279 158 63 36.0° 442° 162° 1.8 1.8
First trimester smoking

No 124 483" 252° 11.1* 3.0° 401 436 112 36 15
Yes 10.9° 38.9% 285" 15.0° 6.7° 440 389 150 21 0.0
Third trimester smoking

No 12.0° 482° 253® 11.7° 2.8° 403 429 118 37 13
Yes 10.8° 37.9° 29.7° 13.5° 81° 473 405 108 14 0.0
Pets kept in home

No 14.1° 48.9° 246" 89" 3.5° 424 445 102 22 07
Yes 10.3*  44.0*° 27.1* 14.5° 41* 395 412 137 41 15
*x* P<.05.

b 05<P<.10.

Younger women were less likely to take controller medications regularly than
were older women, and well-educated women were more likely to take them (see
Table 10). Women with normal BMI were less likely to take controller medi-
cations regularly in pregnancy than were overweight or obese women. Unlike in
the year before pregnancy, race was not associated with average treatment step

during pregnancy.

Although women who had more frequent symptoms in the year before
pregnancy were more likely to have a higher average symptom step in pregnancy,
approximately 75% of women who had no symptoms in the year before preg-
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Table 11

Average Global Initiative for Asthma symptom and treatment steps across pregnancy by number
months of asthma symptoms” in year before pregnancy among women with self-reported history of
physician-diagnosed asthma

Number of months of asthma symptoms in year before pregnancy

None 1-3 mo 4—6 mo 7-9 mo 10+ mo
(n = 186) (n =247) (n=167) (n=64) (n =204)
% % % % %
Average GINA symptom step across pregnancy
No symptoms 25.8 15.4 6.6 1.6 2.9
Step 1 54.3 55.4 50.3 453 24.5
Step 2 14.5 22.3 30.5 28.1 36.8
Step 3 5.4 6.1 11.4 17.2 24.0
Step 4 0.0 0.8 1.2 7.8 11.8
Average GINA treatment step across pregnancy
No medication use 71.5 46.5 329 15.6 20.6
Step 1 25.3 46.2 50.3 54.7 43.6
Step 2 2.7 4.9 13.2 20.3 26.5
Step 3 0.0 2.0 3.6 7.8 5.9
Step 4 0.5 0.4 0.0 1.6 34

? Asthma symptoms include: wheeze, shortness of breath, chest tightness, or persistent cough in
year before pregnancy (shortness of breath was not included in GINA categorization during pregnancy
because many pregnant women experience shortness of breath unrelated to respiratory function).

nancy had symptoms during pregnancy (Table 11). In contrast, nearly all women
who had symptoms for at least 4 months in the year before pregnancy had
symptoms during pregnancy; 35.8% of those who had symptoms for at least
10 months in the year before pregnancy had an average symptom step of 3 or 4
(daily symptoms) during pregnancy.

Few women who were asymptomatic during the year before pregnancy took
controller medications in pregnancy (see Table 11). Asthma treatment during
pregnancy was associated positively with months of symptoms during the year
before pregnancy. From 7.3% of women who had symptoms for 1 to 3 months
in the year before pregnancy to 35.8% of those who had symptoms for at least
10 months in the year before pregnancy had an average GINA treatment step of 2

Table 12
Use of asthma medications in pregnancy by average Global Initiative for Asthma symptom step across
pregnancy among women with self-reported history of physician-diagnosed asthma

Asthma medication use in pregnancy

Average GINA symptom No medication ~ Rescue medication only 1+ controller medication

step across pregnancy N % N % N %

No symptoms 94  89.5 4 3.8 7 6.7
Intermittent 175 435 169 41.9 59 14.6
Mild persistent 66 29.1 81 35.7 80 352
Moderate persistent 19 183 36 34.6 49 47.1

Severe persistent 2 6.1 13 39.4 18 54.5
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Box 3. Summary: asthma symptoms and medication use

e Symptoms (wheeze, chest tightness, persistent cough) are
common before and during pregnancy among women who
have a diagnosis of asthma

80% had one or more symptoms in the year
before pregnancy

88% had one or more symptoms during pregnancy; 16%
had symptoms almost daily

e Symptoms tended to be episodic before and during pregnancy

69% had symptoms for less than 6 months in the past year;
24% were symptomatic for at least 10 months

46% of women had an average GINA symptom step of 1
(intermittent) across pregnancy; 16% had symptoms
almost daily (average GINA symptom step of 3 or 4)

e Asthma medication use before and during pregnancy was
much less common than were symptoms in these
asthmatic women

Only 26% took any asthma controller medication (inhaled
steroids, leukotriene inhibitors, cromones, theophylline,
long-acting 3, agonists, or systemic steroids) in the year
before pregnancy; 13% took controller medications for
at least 10 months in that year.

Even among women with 10 or more months of symptoms
in the year before pregnancy, only 42% reported using
any controller medication in that year.

Only 17% of the women took any controller medication
(average GINA treatment step of 2 or higher) regularly
in pregnancy.

* Many asthmatic women who did not have symptoms in the
year before pregnancy had symptoms during pregnancy

* 75% of women who had no reported symptoms in the year
before pregnancy had symptoms during pregnancy

¢ Nearly all women who had symptoms for at least 4 months in
the year before pregnancy had symptoms during pregnancy

* Few women who were asymptomatic in the year before
pregnancy took controller medications in pregnancy

* About half of women who took controller medications before
pregnancy took them during pregnancy

* Only about half of women who had daily symptoms during
pregnancy took any controller medications in pregnancy
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Table 13
Emergency room visits and hospitalizations in the year before and during pregnancy among women
with self-reported history of physician-diagnosed asthma

n %

Year before pregnancy

No ER visits or hospitalizations 658 88.9

ER visits, but no hospitalizations 65 8.8

Hospitalizations (£ ER visits) 17 23
During pregnancy

No ER visits or hospitalizations 690 92.3

ER visits, but no hospitalizations 38 5.1

Hospitalizations (£ ER visits) 12 1.6

Abbreviation: ER, emergency room.

or higher (controller medication use) during pregnancy. Only 3.5% of women
who did not take controller medications in the year before pregnancy took them
during pregnancy, compared with 58% of women who took controller medication
in the year before pregnancy.

Table 12 shows the association between asthma medication use during preg-
nancy and the frequency of symptoms during pregnancy. Women who had a
higher average symptom step during pregnancy were more likely to take one or
more controller medications during pregnancy; however, only approximately half
of the 137 women who had almost daily symptoms during pregnancy took any
controller medications in pregnancy (Box 3).

Emergent care for asthma

Approximately 11% of women had an emergency visit or hospitalization
for asthma in the year before pregnancy; 2% were hospitalizations (Table 13).
During pregnancy, 6.7% had emergent care for asthma, of which 1.6%
were hospitalizations.

Women who had asthma-related emergency care in the year before pregnancy
also were more likely to have emergency care during pregnancy (Table 14). Only

Table 14
Emergency room visits and hospitalizations during pregnancy by visits in the year before pregnancy
among women with self-reported history of physician-diagnosed asthma

During pregnancy

No ER visits or ER visits, but no Hospitalizations
N hospitalizations (%) hospitalizations (%) (£ ER visits) (%)
No ER visits or 658 95.2 4.0 0.8
hospitalizations
ER visits, but no 65 81.6 13.8 4.6
hospitalizations
Hospitalizations 17 58.8 17.7 23.5

(£ ER visits)

Abbreviation: ER, emergency room.
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Table 15

Global Initiative for Asthma treatment step in year before and during pregnancy by emergency room
visits and hospitalizations in the year before pregnancy among women with self-reported history of
physician-diagnosed asthma

Year before pregnancy

No ER visits or ER visits, but no Hospitalizations
GINA treatment step hospitalizations (%) hospitalizations (%) (£ ER visits) (%)
Year before pregnancy
Step 0: No 42.5 6.6 13.6
asthma medications
Step 1: Rescue 41.7 46.1 45.4
medications only
Step 2: One 11.2 30.3 13.6
controller medications
Step 3: Two 33 10.5 9.1
controllers medications
Step 4: Three+ 1.4 6.6 18.2
controller medications
During pregnancy
Step 0: No 43.2 17.8 25.0
asthma medications
Step 1: Rescue 43.2 42.5 30.0
medications only
Step 2: One 9.9 27.4 40.0
controller medications
Step 3: Two 2.6 9.6 5.0
controller medications
Step 4: Three+ 0.9 2.7 0.0

controller medications

Abbreviation: ER, emergency room.

4.8% of women with no emergency department visits or hospitalization in the
year before pregnancy had an emergency department visit or hospitalization
during pregnancy, compared with 18.5% of those who had a previous emergency
department visit, and 41.2% of those who were hospitalized in the previous year.

Women who had earlier emergency room visits or hospitalizations were more
likely to have taken controller medications in the year before pregnancy (46%)
and during pregnancy (41%) than were women who had no emergent care
(~16%; Table 15). Nevertheless, 45% of these women took no controller medi-
cations at all in pregnancy, and more than half did not take them on a regular
basis (average treatment step of 2 or higher) before or during pregnancy.

Summary
We demonstrated that asthma remains a common condition among pregnant

women and that the prevalence of self-reported asthma in the United States is
between 8.4% and 8.8%. In addition, approximately 4.1% of all pregnant women
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experienced an asthma attack in the previous year. Prevalence rates in other
countries seem to be higher or substantially lower; however, further characteri-
zation of international trends using nationally representative data is needed. Data
from a large prospective cohort study in the northeastern United States and national
data demonstrate continued opportunities for population-level improvement in
well-managed asthma during pregnancy. Finally, asthma diagnosis and asthma
control seem to differ by population characteristics (eg, age, race/ethnicity, socio-
economic status), and further research and clinical involvement are needed to ad-
dress potentially systematic variation in reporting and management of the disease.

Appendix 1. The Yale Asthma in Pregnancy Study: methods

We conducted a large, prospective cohort study of pregnant asthmatic and
nonasthmatic women to assess the association between asthma/asthma therapy on
birth outcomes. The study has been described in detail in previous publications
[34,35]. Pregnant women were recruited from 56 obstetric practices and 15
clinics associated with six participating hospitals in Connecticut and Massachu-
setts. More than 11,400 women were screened for eligibility between April 1997
and June 2000. Exclusion criteria included having insulin-dependent diabetes
mellitus, intending to terminate the pregnancy, not speaking English or Spanish,
or being more than 24 weeks’ gestation at enrollment. All women who had a self-
reported history of physician-diagnosed asthma (n=1343) and a simple random
sample of 1.5 to 1 nonasthmatics (n=2070) were invited to participate; a total of
2379 enrolled, of whom 941 had asthma. These 941 asthmatics provide infor-
mation on the characteristics of asthmatic women in pregnancy.

Detailed information on asthma symptoms and medication use in the year
before pregnancy and during pregnancy was collected using structured in-person
interviews at enrollment and post partum, and telephone interviews at 20, 28,
and 36 weeks’ gestation. This information was used to classify the severity of
women’s asthma during pregnancy according to a modification of the 2002
GINA guidelines [36]. GINA symptom and treatment steps were calculated for
each month of pregnancy, and were used to derive an average and maximum
symptom and treatment step across pregnancy. For the average GINA symptom
and treatment steps, monthly steps were averaged over the number of months of
pregnancy and rounded up to the next highest integer. Maximum symptom and
treatment steps were the highest step recorded during the pregnancy. Only
women who had singleton live births were classified according to these criteria.

Symptom steps were defined as follows:

Step 0: No symptoms during pregnancy

Step 1: Intermittent asthma: symptoms 1 to 7 days per month on average, or
nocturnal symptoms less than 2 nights per month

Step 2: Mild persistent asthma: symptoms more than 7 days but not every day
per month, or nocturnal symptoms 2 to 7 nights per month
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Step 3: Moderate persistent asthma: symptoms daily, and nocturnal symptoms
less than 14 nights per month

Step 4: Severe persistent asthma: symptoms daily, and nocturnal symptoms at
least 14 nights per month

Asthma symptoms included self-reported wheeze, chest tightness or persis-
tent cough.
Treatment steps were defined as:

Step 0: No asthma medication use during pregnancy

Step 1: Intermittent. No daily controller medications; rescue medications used
as needed.

Step 2: Mild persistent. One controller medication (usually inhaled steroid).

Step 3: Moderate persistent. Two controller medications.

Step 4: Severe persistent. Three or more controller medications.

Asthma controller medications included systemic steroids, inhaled steroids,
long-acting (3,-agonists, leukotriene inhibitors, cromones, and xanthine deriva-
tives (eg , theophylline).

Information on emergency visits and hospitalizations was obtained from
women at home interview and postpartum interview. Information on emergency
visits and hospitalizations during the year before pregnancy was obtained at the
initial home interview. In addition, a total of 740 of the 941 asthmatic women
with a singleton live birth completed a postpartum interview shortly after the
baby was born. At this interview, information on all emergency room visits and
hospitalizations during pregnancy was ascertained.
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