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Abstract

Rationale: Evidence linking active or passive smoking to the
incidence of adult-onset asthma is inconsistent with both positive
and inverse associations being reported. Most previous studies of
active smoking have not accounted for passive smoke exposure,
which may have introduced bias.

Objectives: To assess the separate associations of active and passive
smoking to the incidence of adult-onset asthma in the U.S. Black
Women’s Health Study, a prospective cohort of African American
women followed since 1995 with mailed biennial questionnaires.

Methods: Active smoking status was reported at baseline and
updated on all follow-up questionnaires. Passive smoke exposure
during childhood, adolescence, and adulthood was ascertained
in 1997. Asthma cases comprised women who reported doctor-
diagnosed asthma with concurrent asthma medication use.
Cox regression models were used to derive multivariable hazard

ratios (HRs) and 95% confidence intervals (CIs) for former and
current smoking and for passive smoking among nonsmokers
comparedwith a reference category of never active or passive smokers.

Measurements and Main Results: Among 46,182 participants
followed from 1995 to 2011, 1,523 reported incident asthma.
The multivariable HRs for former active smoking, current active
smoking, and passive smoking only were, respectively, 1.36 (95% CI,
1.11–1.67), 1.43 (95% CI, 1.15–1.77), and 1.21 (95% CI, 1.00–1.45),
compared with never active/passive smoking.

Conclusions: In this large population with 16 years of follow-up,
active smoking increased the incidence of adult-onset asthma,
and passive smoke exposure increased the risk among nonsmokers.
Continued efforts to reduce exposure to tobacco smoke may have
a beneficial effect on the incidence of adult-onset asthma.

Keywords: asthma; cohort study; passive smoking; cigarette
smoking

A large body of evidence supports a causal
relationship between pre- and postnatal
parental smoking and the development
of asthma in children (1, 2), and two
prospective studies have showed a
dose–response relationship between
smoking during adolescence and asthma
onset before 20 years of age (3, 4). In
contrast, the evidence for an association
of smoking and adult-onset asthma is
inconsistent (1, 5). Some studies have found
a higher incidence of asthma in smokers
(6–12), but others have found no

association (13, 14) or have found an
inverse association (15, 16). The 2014
Report of the Surgeon General on the
Health Consequences of Smoking (17)
deemed the overall evidence “suggestive but
not sufficient to infer a causal relationship
between active smoking and the incidence
of asthma in adults.” Limitations of
previous studies include short follow-up
(7), retrospective assessment of smoking
(9, 14), lack of long-term time-varying
information on smoking (6, 8), and no
accounting for passive smoke exposure

(8, 10, 11, 14, 15). Regarding passive
smoking, several studies (18–20) have
found increased odds of asthma ranging
from 1.5 to 3.0 among adults exposed to
secondhand smoke as children or adults,
but results are vulnerable to recall bias
because exposure was ascertained after the
diagnosis of asthma.

Inhaled tobacco smoke directly
contacts the airway epithelium, a tissue that
is increasingly recognized as not simply
a barrier but as playing a crucial role as an
immune regulator through the secretion of
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cytokines and chemokines, which influence
the recruitment of inflammatory cells, and
growth factors, which influence structural
remodeling (21). Human and animal
research has revealed substantial effects of
tobacco smoke on the airway epithelium,
including inflammation (22), increased
permeability (23), and altered gene
expression (24). These and other effects of
smoking on the airway epithelium could
predispose individuals to the development
of asthma, a condition in which the airway
epithelium appears to play a key role in
pathogenesis (25).

The purpose of the present study was to
assess the association of active and passive
smoking with adult-onset asthma in a large
cohort study of African American women.
Exposure to secondhand smoke over the
lifetime was obtained once in 1997, and
information on active smoking was obtained
at baseline and has been updated biennially
over 16 years of follow-up.

Methods

Study Population
The Black Women’s Health Study (BWHS)
is a prospective cohort study established
in 1995, when 59,000 African American
women 21–69 years of age enrolled by
completing health questionnaires. Methods
are described in detail elsewhere (26). In
brief, the cohort is followed biennially by
mailed questionnaire to update exposures
and to ascertain incident disease. Follow-up
of the original cohort through eight

completed questionnaire cycles is 80%.
The study protocol was approved by the
Institutional Review Board of Boston
University School of Medicine.

Follow-up for the present analysis
occurred from 1995 through 2011 and
includes 46,182 participants without
prevalent asthma or lung cancer at baseline
and with complete information on active
and passive smoking. The average length of
follow-up was 14.7 years.

Diagnosis of Asthma
On all questionnaires from 1997 through
2011, participants were asked whether they
had been diagnosed with asthma and if they
used “inhalers or pills” for asthma at least
3 d/wk. Incident asthma was defined as
a first diagnosis of asthma with concurrent
use of asthma medication.

Ascertainment of Active and Passive
Smoking and Covariates
Data on smoking history were first obtained
in 1995. Ever smokers were asked about the
age they had started smoking, the number of
cigarettes smoked, and the total number
of years they had smoked; former smokers
were asked when they had quit. Data on
smoking status and amount smoked were
updated on each follow-up questionnaire.
On the 1997 questionnaire only,
respondents were asked about exposure to
secondhand tobacco smoke at 0 to 10 and
11 to 20 years of age at home and at home
and work separately at 21 to 30 years of
age, at 31 to 40 years of age, and currently;
exposure was defined as being “in the same
room with a smoker for at least an hour/
day for 12 consecutive months or more.”

Data on body mass index (BMI; weight
in kg/height2 [in meters]), alcohol
consumption, and use of female hormone
supplements were ascertained at baseline
and updated on each subsequent follow-
up questionnaire. Various follow-up
questionnaires obtained information
on years of education, parental asthma,
household income, health insurance, if
the participant had a regular doctor, and
presence of sleep apnea.

Statistical Analysis
We used Cox proportional hazards models
to estimate hazard ratios (HRs) and 95%
confidence intervals (CIs) for asthma
incidence associated with passive only,
current smoking, and former smoking
relative to no active or passive smoking.

Participants contributed person-time from
1995 until diagnosis of asthma, death, loss to
follow-up, or end of follow-up, whichever
came first. Models were stratified by age
in 1-year intervals and questionnaire cycle
in 2-year intervals. We estimated HRs with
a model accounting only for age and
questionnaire cycle and a multivariable
model that included covariates that have
been associated with asthma incidence
in BWHS or other studies: BMI (,25,
25–29, 30–34, 35–39, >40), duration of
menopausal female hormone use (never,
,5 yr, >5 yr), sleep apnea (yes, no), health
insurance (yes, no), having a regular doctor
(yes, no), years of education (<12, 13–15,
16, >17), household income (<$25,000,
$25,001–$50,000, $50,001–$100,00, .
$100,000), parental history of asthma
(yes, no), and alcohol consumption (never,
current, past).

Missing values were modeled as
separate categories. All variables were time-
varying with the exception of sleep apnea,
income, having a regular doctor, education,
and health insurance. Thus, for example,
a woman who quit smoking over follow-up
contributed person-time to the current-
smoker category until she quit and then
contributed person-time to the past-smoker
category.

We conducted analyses stratified
by age, obesity, and parental history of
asthma and assessed interaction by using the
likelihood ratio test to compare models
with and without cross-product terms for
smoking with the stratifying variables. We
conducted sensitivity analyses using three
different case definitions. First, a more
stringent asthma case definition was used
that included only cases where subjects
reported use of a preventive asthma
medication and specified the medication
name (e.g., fluticasone). In a second
sensitivity analysis, the case definition was
expanded to include all physician-diagnosed
asthma regardless of medication use. Finally,
we confined the cases to those where
subjects confirmed their asthma diagnoses
on a supplementary questionnaire.

Results

During follow-up from 1995 through 2011,
1,523 women met the case criteria out of
593,802 person-years of follow-up. In
a subset of 43 women who met the case
definition and who gave permission to

At a Glance Commentary

Scientific Knowledge on the
Subject: Evidence from longitudinal
studies about the relation of active and
passive smoking with the incidence of
adult-onset asthma is inconsistent.

What This Study Adds to the
Field: In 15 years of follow-up in a
large population of African American
women, the incidence of adult-
onset asthma was increased by
approximately 40% among active
smokers and by 20% among passive
smokers compared with women with
no active or passive exposure to
tobacco smoke.
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contact their physician, 39 (91%) were
confirmed by the physician as having
asthma.

Compared with the reference group
of women unexposed to either passive or
active smoking, passive, current, and former
smokers were older, had higher BMI,
had lower levels of education and income,
and were more likely to be current or past
drinkers (Table 1). Current and former
smokers were less likely to have health
insurance and a regular doctor compared
with passive smokers and with the women
unexposed to either active or passive
smoking.

For passive smokers, the HR adjusted
for age and questionnaire cycle was 1.36
(95% CI, 1.13–1.63), which was reduced
to 1.21 (95% CI, 1.00–1.45) in the
multivariable model (Table 2). There was
little variation in the HRs for those exposed
to passive smoke only before 20 years of
age, only at 20 years of age or older, or
in both age periods. Because secondhand
smoke exposure was ascertained in 1997
only, we also calculated the HR for passive

smoking confining follow-up to 1997–2011
rather than to 1995–2011; the multivariable
HR for passive smoke exposure was 1.19
(95% CI, 0.97–1.48).

The age- and cycle-adjusted HRs for
former and current smoking were 1.71
(95% CI, 1.41–2.08) and 1.72 (95% CI,
1.40–2.11), respectively (Table 2). In the
multivariable model, HRs were reduced
to 1.36 (95% CI, 1.11–1.67) for former
smokers and 1.43 (95% CI, 1.15–1.77) for
current smokers. HRs increased with
increasing number of pack-years among
ever smokers, up to 1.88 (95% CI,
1.45–2.43) for >20 pack-years (P for
trend, 0.0001) (Table 3). The HR was
higher among women who started smoking
before 18 years of age (HR, 1.59; 95% CI,
1.27–2.00) compared with 18 years of age
and older (HR, 1.39; 95% CI, 1.12–1.73)
(Table 3), although the interaction between
smoking and age started smoking was not
statistically significant (P = 0.20). HRs for
pack-years and for age started smoking
were similar among current and past
smokers (data not shown). HRs increased

by number of pack-years among women
who began smoking before 18 years of age
but not among those who started smoking
at a later age (Table 3). The incidence of
asthma was highest among women who
started smoking before 18 years of age and
accumulated >20 pack-years of smoking
(multivariable HR, 2.34; 95% CI, 1.76–3.10).

Among former smokers, multivariable
HRs tended to decrease as time since
quitting increased, although the pattern was
not consistent (P value for trend = 0.06)
(Figure 1).

In stratified analyses (Table 4),
multivariable HRs for all exposure
categories were higher among nonobese
compared with obese women (P value for
interaction = 0.08). For example, the HR
for current smoking was 2.13 (95% CI,
1.56–2.92) among nonobese women and
1.01 (95% CI, 0.74–1.37) among obese
women. Among obese women, the only
significant increase in asthma incidence
occurred among smokers with >20 pack-
years (HR, 1.52; 95% CI, 1.08–2.14). The
comparable HR among nonobese women

Table 1. Baseline Characteristics by Smoking Status

Patient Characteristics

Never Active or
Passive Smoking

(n = 6,279)

Passive Smoke
Exposure Only
(n = 21,968)

Former Smoker
(n = 9,740)

Current Smoker
(n = 8,195)

Age, yr (mean 6 SD) 34.76 9.7 37.96 10.5 44.66 10.5 40.96 9.6
BMI (mean 6 SD) 27.06 6.1 28.06 6.6 28.66 6.9 27.66 6.1
Education, yr
<12, % 12 17 21 29
13–15, % 28 34 39 42
16, % 29 26 20 17
>17, % 32 23 20 12

Income (2003)
<$25,000, % 7 9 10 14
$25,001–50,000, % 21 24 23 26
$50,001–99,999, % 34 31 28 22
>$100,000, % 17 14 12 7

Has health insurance (1997), % 94 93 83 79
Has regular doctor (1997), % 89 88 78 74
Parental history of asthma, % 5 6 6 6
Sleep apnea, % 2 2 2 2
Hormone therapy use
Never, % 84 83 81 81
,5 yr, % 9 9 11 11
>5 yr, % 5 5 6 5

Alcohol consumption
Never, % 78 71 35 36
Past, % 7 11 27 18
Current, % 14 18 37 46

Definition of abbreviation: BMI = body mass index.
Baseline characteristics are age-adjusted in 5-yr age categories. All P values for x2 tests or one-way analysis of variance for differences in distribution of
variables across smoking categories were , 0.0001, with the exception of parental history of asthma (P = 0.066). Numbers may not add to 100% due to
missing values. Data are from 1995 unless noted otherwise.
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was 2.40 (95% CI, 1.61–3.56). HRs for all
exposure categories were higher among
women 50 years of age and older than
among younger women (P value for
interaction = 0.13); for example, the HR
among smokers with >20 pack-years
was 2.81 (95% CI, 1.71–4.61) for women
50 years of age and older and 1.52 (95% CI,
1.07–2.16) for women younger than 50
years of age. HRs were similar among

women who did and did not report parental
history of asthma (data not shown).

In a sensitivity analysis using the
more stringent asthma case definition
(i.e., cases who reported use of a preventive
asthma medication; n = 988 cases), the
multivariable HRs for passive, former,
and current smoking were 1.36 (95% CI,
1.08–1.72), 1.52 (95% CI, 1.18–1.97), and
1.49 (95% CI, 1.13–2.97), respectively. In

the second sensitivity analysis using the less
stringent case definition (all physician-
diagnosed asthma regardless of medication
use) (2,934 cases), the comparable HRs
were 1.20 (95% CI, 1.05–1.36), 1.36
(95% CI, 1.17–1.56), and 1.32 (95% CI,
1.14–1.55). When we confined the cases
to those who confirmed their asthma
diagnosis on a supplementary questionnaire
(842 cases), the comparable HRs were

Table 2. Smoking Status and Incidence of Asthma, Black Women’s Health Study, 1995–2011

Smoking Status Cases Person-Years

Basic Model (Age and
Questionnaire Cycle)

[HR (95% CI)]
Multivariable Model

[HR (95% CI)]*

Never active or passive 142 84,071 1.0 1.0
Passive only 677 284,103 1.36 (1.13–1.63) 1.21 (1.00–1.45)
Exposed before age 20 only 225 105,193 1.26 (1.02–1.56) 1.17 (0.94–1.45)
Exposed at age 20 or older only 180 72,745 1.39 (1.11–1.74) 1.24 (0.99–1.56)
Exposed before and after 20 272 106,165 1.43 (1.16–1.75) 1.18 (0.96–1.46)
Former smoker 423 139,885 1.71 (1.41–2.08) 1.36 (1.11–1.67)
Current smoker 281 85,741 1.72 (1.40–2.11) 1.43 (1.15–1.77)

Definition of abbreviations: CI = confidence interval; HR = hazard ratio.
*Adjusted for age (1-yr intervals), questionnaire cycle (2-yr increments), body mass index (,25, 25–29, 30–34, 35–39,>40), menopausal female hormone
use (never, ,5 yr, >5 yr), sleep apnea (yes, no), health insurance (yes, no), having a regular doctor (yes, no), years of education (<12, 13–15, 16, >17),
household income (<$25,000, $25,001–$50,000, $50,001–$100,00, .$100,000), parental history of asthma (yes, no), and alcohol consumption (never,
current, past).

Table 3. Pack-Years of Smoking and Age Started Smoking in Relation to Asthma Incidence among Ever Smokers, Black Women’s
Health Study, 1995–2011

Patient Characteristics Cases Person-Years

Basic Model (Age and
Questionnaire Cycle)

[HR (95% CI)]
Multivariable Model

[HR (95% CI)]*

Never active or passive 142 84,071 1.0 1.0
Pack-years†

,10 pack years 337 118,113 1.65 (1.34–2.01) 1.40 (1.12–1.73)
10–19 pack-years 168 54,564 1.79 (1.41–2.26) 1.50 (1.17–1.93)
>20 pack-years 181 45,040 2.33 (1.83–2.97) 1.88 (1.45–2.43)
P value for trend ,0.0001 ,0.0001

Age started, yr
,18 295 84,745 1.94 (1.58–2.39) 1.59 (1.27–2.00)
>18 401 137,376 1.64 (1.33–2.00) 1.39 (1.12–1.73)

Pack-years stratified by age started
smoking

Age started ,18
,10 pack-years 98 36,854 1.51 (1.16–1.96) 1.26 (0.96–1.66)
10–19 pack-years 82 24,075 1.95 (1.47–2.58) 1.63 (1.21–2.20)
>20 pack-years 111 21,733 2.90 (2.22–3.78) 2.34 (1.76–3.10)

Age started >18
,10 pack-years 235 79,992 1.69 (1.37–2.10) 1.47 (1.17–1.84)
10–19 pack-years 85 30,191 1.62 (1.22–2.15) 1.40 (1.04–1.87)
>20 pack-years 69 22,962 1.72 (1.27–2.35) 1.41 (1.03–1.95)

Definition of abbreviations: CI = confidence interval; HR = hazard ratio.
*Adjusted for age (1-yr intervals), questionnaire cycle (2-yr increments), body mass index (,25, 25–29, 30–34, 35–39, >40), duration of menopausal
female hormone use (never, ,5 yr, >5 yr), sleep apnea (yes, no), health insurance (yes, no), having a regular doctor (yes, no), years of education
(<12, 13–15, 16, >17), household income (<$25,000, $25,001–$50,000, $50,001–$100,00, .$100,000), parental history of asthma (yes, no), and
alcohol consumption (never, current, past).
†Pack-years of smoking were calculated by multiplying the duration of smoking in years times the number of packs of cigarettes smoked per day. A total of 842
women (including 18 cases) were missing information on pack-years, and 266 women (including eight cases) were missing information on age started smoking.
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1.35 (95% CI, 1.06–1.73), 1.50 (95% CI,
1.14–1.96), and 1.34 (95% CI, 1.00–1.82).

Discussion

In this large population of African American
women, the incidence of asthma was
significantly increased among current and
past smokers compared with women with
no active or passive smoking, and incidence
increased as pack-years increased. Asthma
incidence was 2.3 times higher among
women who accumulated 20 or more pack-
years and had started smoking before
18 years of age compared with women with
no active or passive smoke exposure. There
was also a 21% increase in asthma incidence
among women exposed only to passive
smoke. The association of active and passive
smoking with increased asthma incidence
was most apparent among nonobese
women and women 50 years of age or
older.

The airway epithelium, which appears
to play a key role in the pathogenesis of
asthma, is the tissue that comes into the
most direct contact with inhaled tobacco
smoke. Smoking has profound effects on the
airway epithelium, as indicated by smoking-
induced alterations of mRNA and miRNA
expression (24, 27). By effects on epithelial
permeability (23, 28) and other aspects of
epithelial regulation of inflammation (21),
tobacco smoke exposure increases allergic
sensitization in animal models of inhaled
allergen exposure (29, 30). Human studies
have shown that acute exposure to
environmental tobacco smoke worsens
allergic airway responses to simultaneously
inhaled aeroallergens (31). In an animal
model, chronic tobacco smoke exposure has
been reported to increase airway

responsiveness, an effect that may be
mediated in part by IL-13, a cytokine
important in the pathophysiology of
asthma (30). In addition to immune
system–mediated effects of airway
responsiveness, in vitro data suggest that
cigarette smoke induces neurotrophin and
neurotrophin receptor in human airway
smooth muscle, thereby increasing
neurotrophin signaling, which may
contribute to cigarette smoke–induced
airway hyperresponsiveness (32). Although
the precise mechanisms that link smoking
to the development of adult-onset asthma
are uncertain, it appears that adverse effects
on the airway epithelium, immune cells
in the airways, and airway smooth muscle
may play roles.

Several longitudinal studies of active
smoking and asthma have reported
increased asthma incidence among past
and/or current smokers. In data from
northern Europe (n = 14,731) in the
European Community Respiratory Health
Survey, subjects were interviewed about
asthma prevalence and smoking at baseline
and 10 years later were interviewed again
about asthma incidence and smoking status
in the intervening years (8). The incidence
rate ratios (IRRs) for current and ex-
smoking compared with never smoking
were 1.3 (95% CI, 1.0–1.6) and 1.4 (95% CI,
1.0–2.0), respectively, similar to those in the
present study. Lack of control for passive
smoking and retrospective report of asthma
onset and smoking status for the period
between surveys may have introduced
some degree of bias in either direction. In
a follow-up study of 4,741 Swedish citizens
interviewed in 1985 and again 10 years
later (10), the odds ratios for current and
former smokers were 1.4 (95% CI, 0.95–2.0)
and 2.0 (95% CI, 1.5–2.8), respectively;

odds ratios (ORs) were adjusted for
occupational status and potential exposure
to dust and fumes, but not for passive
smoking. In a study of 325 allergic rhinitis
patients interviewed at their initial visit to
an allergy clinic and again 10 years later,
the ORs for asthma among subjects who
were current and former smokers at
baseline were 2.93 (95% CI, 1.81–4.92) and
1.93 (95% CI, 0.91–4.10), respectively, and
the ORs increased as pack-years of smoking
increased (11). Although a detailed
smoking history was taken at the initial
clinic visit, smoking history in the 10 years
between the baseline and follow-up visit
was not updated, and passive smoke
exposure was not accounted for in the
analysis. In a large cohort study of z15,000
Japanese men and women, smoking status
was ascertained at baseline, and a follow-up
interview ascertained asthma incidence in
the intervening 10 years; smoking status
was not updated (12). Asthma incidence
was increased among male current smokers
(HR, 2.79; 95% CI, 1.18–6.55) or past
smokers (HR, 1.86; 95% CI, 0.75–4.63), but
there were too few female smokers for
informative analyses. Smoking was not
associated with asthma incidence in 2 years
of follow-up in the Canadian National
Population Health Survey (n = 12,636)
except among women who had pets at
home (relative risk for current smoking,
2.50, 95% CI, 1.24–5.05) (7). The analysis
was limited by short follow-up and lack
of accounting for passive smoke exposure.

Finally, several studies observed inverse
associations. In the Nurse’s Health Study
(NHS), in which 671 incident cases
occurred over 10 years of follow-up, the
age-adjusted IRR for asthma among current
smokers compared with never smokers was
0.57 (95% CI, 0.47–0.71); risk did not vary
with number of cigarettes per day (15).
An increased IRR among former smokers
immediately after quitting declined to z1.0
within 5 years of quitting. The authors
interpreted findings for current and past
smokers as evidence of a healthy smoker
effect (i.e., people with sensitive airways
elect not to initiate smoking, or those with
sensitive airways who do smoke are more
likely to give up smoking than those with
a greater tolerance for smoking). Like the
BWHS, the NHS updated smoking data
biennially and had the same case definition
(self-reported physician-diagnosed asthma
with use of asthma medication). Major
differences were that NHS participants

<3 yrs
0.5

1

1.5

2

2.5

1–<5 yrs 5–<10 yrs 10–<20 yrs 20+yrs

Figure 1. Multivariable hazard ratios among former smokers by time since quitting. Reference group
is individuals never exposed to active or passive smoking.
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were almost all white, whereas BWHS
participants were African American; in
addition, the IRRs from the NHS were
adjusted for age only and did not account
for passive smoke exposure. In Spanish
data from the European Community
Respiratory Health Survey, the cumulative
incidence of asthma between two surveys
conducted on average 7 years apart was
reduced by a nonsignificant 17% among
those who were current smokers at baseline
(6). This study lacked time-varying data
on smoking and relied on retrospective
recall of year of asthma onset. In a pooled
analysis of two small studies from Tuscon,
Arizona and Cracow, Poland, asthma risk
was reduced 40% (CI not given) among
women 19 to 40 years of age who reported
smoking on two surveys conducted
z10 years apart compared with never
smokers (16). However, among older
smokers the risk was doubled. Differences
in populations studied, timing of exposure
ascertainment, adjustment for different
covariates, and handling of passive smoking
likely contributed to differences in effect
estimates across studies. It is not clear why
a healthy smoker effect would manifest
itself in some but not in other cohorts.

Two well-designed prospective studies
of adolescents found positive associations
between smoking and asthma incidence,
taking into account passive smoke exposure.
In both studies, active smoking increased
asthma incidence up to 20 years of age by
2- to 3-fold, with significant increases as
duration and intensity of smoking increased
(3, 4). However, the lung is still developing
during adolescence (33), and the airways
may be more vulnerable to the effects of
tobacco smoke.

Three studies have specifically assessed
passive smoking and adult-onset asthma.
In a Swedish case-control study of
nonsmokers, subjects were queried as to
secondhand smoke exposure in their six
most recent homes (20). The OR associated
with exposure to environmental tobacco
smoke was 2.4 (95% CI, 1.4–4.0). In a
Finnish case-control study of nonsmokers,
the interaction of parental history of
asthma and secondhand smoke exposure
was assessed (18). Compared with subjects
with no parental history of asthma and
no secondhand smoke exposure, the
multivariable OR for secondhand smoke
exposure in the 12 months before diagnosis
or index date was 1.85 (95% CI, 0.97–3.50)
among subjects with no parental history of

asthma and 14.8 (95% CI, 3.11–70.59)
among subjects with such a history.
Finally, in a Norwegian study, the effect
of secondhand smoke exposure was
assessed among smokers and nonsmokers,
controlling for smoking status: the OR
associated with subject’s mother smoking
during childhood was 2.9 (95% CI, 1.1–5.5),
and the OR for other household member
smoking was 1.2 (95% CI, 0.7–2.0) (19).

Secondhand smoke exposure is difficult
to ascertain and quantify, and case-control
studies are vulnerable to recall bias. We
found only a weak association of passive
smoke exposure with adult-onset asthma,
but our data on passive smoking were
limited. The best estimate of the association
between lifetime passive smoke exposure
and adult-onset asthma requires a cohort
with good measures of passive smoke
exposure, good control for active smoking,
and follow-up through adulthood for
incident asthma.

No previous study of smoking and
asthma was stratified by BMI. Our finding
of a stronger association of smoking and
asthma incidence among nonobese women
may reflect the lower background rate of
disease in that group compared with obese
women. On the other hand, the finding may
reflect different pathogenetic mechanisms
underlying adult-onset asthma in nonobese
and obese women. Two cluster analyses
of large samples of adults with asthma
have observed a distinct subphenotype of
adults with asthma; individuals with this
phenotype are more likely to be female
and obese and to have asthma that is of
later onset and less atopic than in other
subgroups (34, 35). The occurrence
of adult-onset asthma (or symptoms
diagnosed as asthma) in this subgroup
could be due to inflammation related to
obesity and adipokine dysregulation rather
than allergy or other mechanisms (36),
to impaired pulmonary function (36) or
dyspnea (37) related to mechanical effects
of obesity rather than inflammatory airways
disease, and/or to gastroesophageal reflux
(38). These factors may overshadow the
effects of tobacco smoking in the subset of
women who are obese and have adult-onset
asthma or asthma-like symptoms due to
mechanisms other than epithelial injury
related to environmental factors. Lung
function declines with age (33), and the
higher HRs observed in women 50 years
of age and older may reflect the greater
vulnerability of the aging lung to past

smoke exposure. We found no evidence of
effect modification by parental history of
asthma.

The present study has numerous
strengths. It has more cases and longer
follow-up than previous longitudinal studies
of smoking and adult asthma incidence.
Active smoking was ascertained every
2 years, and report of smoking status
preceded asthma diagnosis, obviating
recall bias. The reference group comprised
women with no exposure to active or
passive smoking. This reduced potential
confounding of the effect of active
smoking by passive smoking and vice versa.
Limitations include the use of self-reported
passive smoke exposure and lack of
information on intensity and duration
of passive smoke exposure. In addition,
“current” passive smoke exposure reported
for the year 1997 may not have been good
indicator of exposure over subsequent
follow-up, especially in the office, because
smoking bans began to be implemented
in the late 1990s. However, passive smoke
exposure before 20 years of age would
not have been affected by these changes
because all women were older than 20 years
of age when they reported their passive
smoke exposure in 1997. Misclassification
would have tended to bias effect estimates
for passive smoking to the null. We had
no information on occupational or other
environmental exposures that might be
relevant, including indoor and outdoor air
contaminants, animal dander, and mold.

We relied on self-report of doctor-
diagnosed asthma. The standard method
of identifying asthma cases in large national
cohort studies is self-report (6–8, 15, 39–41)
because it is not feasible in such studies
to conduct detailed medical evaluation
or physiologic testing to confirm case and
noncase status. Results were consistent
when we used several case definitions,
including one where all cases had
confirmed their asthma diagnosis on a
supplemental questionnaire. In addition, in
a small validation study among 43 BWHS
participants who met our case definition
and gave us permission to contact their
physicians, 39 (91%) were confirmed
by their physicians as having asthma.
Nevertheless, in the absence of physiologic
test data, one cannot exclude some degree
of misclassification, on the part of subjects
and their physicians, between asthma and
chronic obstructive pulmonary disease
(COPD), the latter being a condition for
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which smoking is an established risk factor.
We did not query BWHS participants about
COPD. Inclusion of COPD cases in the
asthma case series would have inflated the
observed HR for the association of smoking
with asthma.

In conclusion, our results support the
hypothesis that active smoking increases

the risk of adult-onset asthma and that
passive smoke exposure may increase
the risk among nonsmokers. In recent
decades, rates of smoking have declined
in African American and white women.
In 1985, 31% of African American women
and 28% of white women smoked; in
2007, the corresponding figures were

16 and 19% (42). Continued efforts to
reduce rates of smoking and exposure to
secondhand smoke may have a beneficial
effect on the incidence of adult onset
asthma. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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