Adult-Onset Asthma Becomes the Dominant Phenotype among

Women by Age 40 Years
The Longitudinal CARDIA Study

Akshay Sood’, Clifford Qualls?, Mark Schuyler', Alexander Arynchyn®, Jesse H. Alvarado®, Lewis J. Smith?®,

and David R. Jacobs, Jr.®”

"Department of Internal Medicine, and 2Office for Research, University of New Mexico Health Sciences Center School of Medicine,
Albuquerque, New Mexico; ®Division of Preventive Medicine, University of Alabama at Birmingham, Birmingham, Alabama; *University of
New Mexico, Albuquerque, New Mexico; °Office for Research, The Feinberg School of Medicine, Northwestern University, Chicago,
llinois; ®Division of Epidemiology and Community Health, School of Public Health, University of Minnesota, Minneapolis, Minnesota;

and “University of Oslo, Oslo, Norway

Abstract

Rationale: Although asthma is usually considered to originate in
childhood, adult-onset disease is being increasingly reported.

Objectives: To contrast the proportion and natural history of adult-
onset versus pediatric-onset asthma in a community-based cohort.
We hypothesized that asthma in women is predominantly of adult
onset rather than of pediatric onset.

Methods: This study used data from the Coronary Artery Risk
Development in Young Adults (CARDIA) cohort in the United States
over a 25-year period. Adult- and pediatric-onset asthma phenotypes
were studied, as defined by age at onset of 18 years or older. Subjects
with asthma were categorized by sex, obesity, atopy, smoking, and
race by mean age/examination year, using a three-way analysis of
covariance model. Natural history of disease was examined using
probabilities derived from a Markov chain model.

Measurements and Main Results: Asthma of adult onset
became the dominant (i.e., exceeded 50%) phenotype in women by
age 40 years. The age by which adult-onset asthma became the
dominant phenotype was further lowered for obese, nonatopic, ever-
smoking, or white women. The prevalence trend with increasing time
for adult-onset disease was greater among subjects with nonatopic
than atopic asthma among both sexes. Furthermore, adult-onset
asthma had remarkable sex-related differences in risk factors. In both
sexes, the quiescent state for adult-onset asthma was less frequent and
also “less stable” over time than for pediatric-onset asthma.

Conclusions: Using a large national cohort, this study challenges the
dictum that most asthma in adults originates in childhood. Studies of
the differences between pediatric- and adult-onset asthma may provide
greater insight into the phenotypic heterogeneity of asthma.
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Asthma, a chronic inflammatory airway
disease, is usually considered a disease of
childhood onset. However, a large number
of adults are reporting the onset of asthma

past childhood (1). Unfortunately,
longitudinal data on asthma in adults are
sparse (1, 2). This constitutes a significant
gap in the current literature, because an

estimated 18.7 million adults reported
current asthma, as compared with 7 million
children, in the United States in 2010 (3).
The annual U.S. medical expenditure

188 AnnalsATS Volume 10 Number 3|June 2013


mailto:asood@salud.unm.edu
http://www.atsjournals.org
http://10.1513/AnnalsATS.201212-115OC
http://www.atsjournals.org

ORIGINAL RESEARCH

attributable to asthma in adults in 2005 was
$18 billion (4), estimated at more than
twofold higher than that attributable to
asthma in children (5). Death rates during
the period 2001 to 2010 were seven times
higher for adults with asthma than for
children (6). Despite its overall significance,
asthma in adults, and particularly adult-
onset asthma, remains understudied. The
literature in this field primarily relies on
knowledge of either childhood asthma
followed into early adulthood (7) or
occupational asthma (8). Our objective was
to evaluate the natural history of disease in
a community-based cohort of young and
middle-aged adults with asthma followed
for 25 years. We hypothesized that asthma
in middle-aged women is predominantly of
adult onset rather than of pediatric onset.

Methods

Study Design

This study used data from the Coronary
Artery Risk Development in Young Adults
(CARDIA) cohort in the United States over
a 25-year period. During 1985 to 1986, the
investigators recruited 5,115 subjects,
equally divided between blacks and whites
and men and women, aged 18 to 30 years,
from the general population of Birmingham,
Alabama; Chicago, Illinois; and
Minneapolis, Minnesota; and from the
membership of the Oakland Kaiser-
Permanente Health Plan in Oakland,
California. Follow-up examinations were
completed 2, 5, 7, 10, 15, 20, and 25 years
later (Y2, Y5, Y7, Y10, Y15, Y20, and Y25,
respectively). Detailed methods,

instruments, and quality control procedures
are described at the CARDIA website
(http://www.cardia.dopm.uab.edu) and in
other published reports (9, 10). Retention
of CARDIA participants has been excellent.
For example, 3,499 persons were followed
at Y25 examination visit, constituting 72%
of the survivors from the baseline cohort.
We excluded two subjects who underwent
sex change and one subject who withdrew
consent.

Predictor and Outcome Variables
Self-reported information was obtained
from all participants using standardized
questionnaires. Prevalent (i.e., ever-life)
asthma was defined by a self-reported
provider diagnosis at that or any prior
examination visit. By mean age of 50 years
(i.e,, Y25 examination visit), 1,112 subjects
(21.8% of the initial cohort) reported
prevalent asthma. After excluding 142
subjects (12.8% of those with prevalent
asthma) who did not provide their age of
asthma onset, our study population sample
size was 970 at the Y25 visit. After similar
exclusions, 484, 590, 665, 731, 824, and 900
subjects with prevalent asthma by mean ages
of 25 (Y0), 27 (Y2), 32 (Y7), 35 (Y10), 40
(Y15), and 45 (Y20) years, respectively, were
identified; the increase in prevalence was
explained by the incident disease at each
examination (asthma was not queried at
CARDIA Y5 examination, mean age 30 yr).
Adult-onset and pediatric-onset asthma
phenotypes were studied; adult onset was
defined by a self-report of age of onset of
18 years or older. To minimize recall bias,
age of onset was determined from the first

Table 1. Questions used to assess asthma states at each examination

examination visit at or after the onset of
disease.

All subjects with asthma were classified
into four discrete categories at each
evaluation period (i.e., incident, persistent,
quiescent, and recrudescent state), using
identical questions at each examination
(time i) and each subsequent examination
(time i+1;). As defined in Table 1,
incident asthma was defined by the new
occurrence of asthma among subjects who
did not have prior asthma. Among
subjects with asthma, persistent disease at
subsequent visit was defined by report of
asthma symptoms or use of asthma
medications at two consecutive
examination visits. On the other hand, if
these items were absent on initial visit (at
time i) but present on subsequent visit (at
time i+1), the disease was defined as
recrudescent at the subsequent visit. If
these items were both absent on
subsequent visit (at time i+1), the disease
was defined as quiescent at the subsequent
visit. These categories were first defined at
Y2 examination (mean age, 27 yr), using
information about change in status
between YO and Y2 examinations and
then changed per the data at each
subsequent examination. In the event of
a missing visit, we classified subjects as
though there was no change in status until
the subsequent visit. In our study of the
natural history of asthma, we focused on
quiescent, recrudescent, and persistent
asthma states and the between-
examination transitions between states,
using a Markov chain model (11). A
Markov chain is a stochastic system that
transits from one state to another in

Has a doctor or nurse ever
said that you have

Time of question administration Time i
Never asthma (time i+1) No
Incident asthma (time i+1) No
Persistent asthma (time i+1) Yes
Recrudescent asthma (time i+1) Yes
Quiescent asthma (time i+1) Yes

were you first

If yes, at what age

Have you had this (asthma) in
the past year? OR Are you taking

asthma? told this? medications for asthma or any
breathing problem?
Time i+1 Time i Time i+1
No N/A No No
Yes Self-reported year of incidence to N/A N/A
determine adult-onset asthma

Yes — Yes Yes
Yes — No Yes
Yes — Yes/No No

Definition of abbreviation: N/A = not applicable.

The medication-related component of the definition in the last column is limited by our equating the “need” for the medication with “report of taking” the

medication under a prescription.
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Figure 1. Schematic representing various states of asthma (based on a Markov chain model).
Stationary probabilities (Stat. Prob.) were calculated for persistent asthma (PA), quiescent asthma
(QA), and recrudescent asthma (RA) states. Transition probabilities (Tran. Prob.) were calculated for
the transitions between persistent asthma to quiescent asthma (PA-QA), quiescent asthma to
recrudescent asthma (QA-RA), and recrudescent asthma to persistent asthma (RA-PA) states.

a chain-like manner, as shown in Figure 1
(11). The transitions between states are
random, and the probabilities associated
with various state changes are called
transition probabilities and are computed
as summary percentages across time (11).
Transition probabilities between asthma
states applied over time are then used to
compute stationary probabilities for each
asthma state.

Height and weight were measured by
certified technicians using standardized
equipment with participants wearing light
clothing and no shoes. Obesity was defined
by a body mass index greater than or equal
to 30 kg/m? at each examination. Atopy was
defined by the self-report of hay fever at YO
examination. Sex, race, smoking status,
weekly hours of cumulative environmental
tobacco smoke exposure, and menopause
were also self-reported. Obesity, current
and ever-smoking status, environmental
tobacco smoke exposure, and menopausal
status (in women) at each visit were
analyzed as time-varying predictors.
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Statistical Analysis

For simplicity of discussion, adult-onset
asthma was summarized as a percentage of
subjects with asthma and was divided into
several categories (i.e., men and women;
obese and nonobese; atopic and nonatopic;
ever-smokers and never-smokers; current
and not current smokers; those exposed and
not exposed to environmental tobacco
smoke; blacks and whites; and, among
women, premenopausal and
postmenopausal) by mean age associated
with the examination year. Prevalence
trends were analyzed by a three-way analysis
of covariance model; the mean age was
considered a linear factor.

To study the natural history of adult-
onset asthma and to contrast that with
pediatric-onset asthma, a Markov chain
model was used (12). This allowed the
calculation of the stationary and transition
probabilities between the various asthma
states after stratifying by pediatric versus
adult-onset asthma category. Factors
affecting the transitions from quiescent to

35 40
Time expressed as mean age (in years)

recrudescent asthma state over 25 years
were studied using logistic models
(Proc Genmod function in SAS) in
univariate and multivariable analyses.
A two-sided P-value of less than 0.05
was considered statistically significant
for all tests. All statistical analyses were
done using the SAS package version 9.3
(Cary, NQC).

All subjects gave informed consent for
their participation in the study. This study
was approved by the Institutional Review
Boards at University of New Mexico,
Albuquerque, New Mexico and at each of
the CARDIA study sites.

Results

At a mean age of 25 years, sex was equally
distributed among those with asthma (i.e.,
48.6 and 51.4% were men and women,
respectively; P = 0.58). Yet, the proportion
of adult-onset disease was higher among
women than men with asthma at that time
(27.6 vs. 14.7%, P = 0.001; Figure 2). The
prevalence trend with increasing time for
adult-onset asthma was greater among
women than men (P for sex interaction in
longitudinal analysis using analysis of
covariance < 0.001; Figure 2). This was
explained by a higher annual percent
incident rate of adult-onset asthma
among women than men in our study
(1.39 vs. 0.77%). Not surprisingly,
therefore, the proportion of adult-onset
disease remained greater among women
than men at each age studied (all P <
0.001, Chi-square; Figure 2).

—— A 0men

—f—|len

45 50

Figure 2. Age-related increase in percent adult-onset asthma by sex. Adult-onset asthma became the dominant phenotype (i.e., exceeded 50%) by
age 40 years in women with asthma. On the contrary, pediatric-onset asthma remained the dominant phenotype in men aged 50 years or younger.
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Figure 3. Age-related increase in percent adult-onset disease among women (top panel) and men with asthma (bottom panel), including those who were
obese, nonatopic, ever-smokers, or white. The minimum age by which the proportion of adult-onset disease became dominant (i.e., exceeded 50%) was
lowered to approximately 35 years among women with asthma who were either obese or nonatopic and further lowered to 32 years among women with
asthma who were either ever-smokers or white.

Adult-Onset Asthma Became the (i.e., exceeded 50%) among women with among women with asthma who were
Dominant Phenotype among Women asthma was approximately 40 years (Figure either obese or nonatopic and further

by Age 40 Years 2). The minimum age by which this lowered to 32 years among those who were
The minimum age by which the proportion  proportion became dominant was, either ever-smokers or white (Figure 3).

of adult-onset disease became dominant however, lowered to approximately 35 years Among women with asthma, the first age
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point at which the difference in proportion
of adult-onset disease became statistically
significant was 45 years between obese and
nonobese (P = 0.01; see Figure E1 in the online
supplement), 32 years between atopic and
nonatopic (P = 0.02 for age = 32 yr; Figure
E2), 25 years between ever-smokers and never-
smokers (P = 0.04; Figure E3), and 27 years
between blacks and whites (P = 0.008; Figure
E6). Menopausal status was not associated with
proportion of adult-onset disease. Unlike
women, pediatric-onset asthma remained the
dominant phenotype among men with
asthma 50 years of age or younger (Figure 3).

Main Effects and Interaction Effects
of Demographic Variables on the
Proportion of Adult-Onset Disease
among Men and Women with
Asthma—A Longitudinal Analysis over
a 25-Year Period

Independent of time, obesity increased the
proportion of adult-onset disease among
women with asthma but decreased it among
men. Overall, the prevalence trend with
increasing time for adult-onset disease was
similar between obese and nonobese
subjects with asthma, irrespective of
whether women or men were studied (P for

time—obesity interaction = 0.12 and 0.96,
respectively; Table 2, Figure E1). Yet,
obesity was associated with differing overall
effects between men and women
independent of time; lower proportions of
adult-onset disease were seen among obese
men but higher proportions among obese
women with asthma, as compared with
their nonobese counterparts (P < 0.001 for
sex—obesity interaction; Table 2, Figure E1).

Independent of time, nonatopic state
increased the proportion of adult-onset
disease to a greater extent among women
than men with asthma. Overall, the
prevalence trend with increasing time for
adult-onset disease was steeper among
nonatopic than atopic subjects with asthma,
irrespective of whether women or men were
studied (P for time-atopy interaction = 0.04
and 0.001, respectively; Table 2, Figure E2).
Yet, independent of time, nonatopic state
was associated with a greater effect on the
proportion of adult-onset disease among
women than men with asthma (P < 0.001
for sex-atopy interaction; Table 2, Figure
E2).

Independent of time, ever smoking
increased the proportion of adult-onset
disease among women with asthma but
decreased it among men. Overall, the

prevalence trend with increasing time for
adult-onset disease was similar between
ever-smoking and never-smoking women
with asthma, but not so for men (P for time—
smoking interaction = 0.69 and 0.03,
respectively; Table 2, Figure E3; ever-
smokers had a less steep prevalence trend
than never-smokers among men). In
addition, ever-smoking was associated with
differing overall effects between men and
women independent of time; higher
proportions of adult-onset disease were
seen among ever-smoking women with
asthma but lower proportions among ever-
smoking men, as compared with their
never-smoking counterparts (P = 0.001 for
sex-smoking interaction; Table 2, Figure E3).
Additionally, the associations between
current smoking and environmental
tobacco smoke exposure with sex on adult-
onset asthma were separately examined.
Surprisingly, current smoking in men with
asthma was associated with a lower
prevalence trend and lower proportion of
adult-onset asthma (P values of < 0.001,
0.003, and < 0.001 for main effect, time-
smoking interaction, and sex-smoking
interaction, respectively; Table 2, Figure
E4). Findings similar to current smoking
were also observed when high versus low

Table 2. Main effects and interaction effects of various demographic variables on the proportion of adult-onset disease among men
and women with asthma—A longitudinal analysis over a 25-year period

Variable Sex Main Effect, Independent P Value for Interaction
of Time: Estimate Expressed between Time and
as % (P Value) Variable
Obesity Women 10.0 (<0.001) 0.12
Men —4.8 (<0.001) 0.96
Nonatopic state Women —13.0 (<0.001)* 0.04"
Men —-1.2 (.25)* 0.001%
Ever smoking Women 7.6 (0.003) 0.69
Men -4.9 (0.002)* 0.03"
Current smoking Women 3.4 (0.12) 0.52
Men —11.6 (<0.001)* 0.003"
Environmental tobacco Women 3.7 (0.15) 0.54
smoke exposure Men —8.6 (0.008) 0.47
White race Women 12.6 (<0.001) 0.35
Men 15.3 (<0.001) 0.99
Menopausal state Women 7.8 (0.08) 0.18
Men N/A N/A

P Value for Interaction between
Sex and Variable, Independent of
Time
<0.001
<0.001

0.001
<0.001
0.006
0.21
N/A

Definition of abbreviation: N/A = not applicable.

Obesity, smoking variables and menopausal state were analyzed as time-varying covariates.
*Main effect was calculated without the interaction effect in the statistical model.

TOverall, the prevalence trend with increasing time for adult-onset disease was steeper among nonatopic than atopic subjects with asthma for both
women and men (Figure E2). On the other hand, the prevalence trend with increasing time for adult-onset disease was less steep among ever-smoking
men with asthma compared with never-smoking men with asthma (Figure E3) as well as among currently smoking men with asthma as compared with not

currently smoking men with asthma (Figure E4).
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levels of environmental tobacco smoke
exposure (= 10 h weekly vs. < 10) were
instead studied in relation to adult-onset
asthma (details in online supplement,
Figure E5).

Independent of time, whites had greater
proportion of adult-onset disease than blacks
among both men and women with
asthma. Overall, the prevalence trend
with increasing time for adult-onset
disease was similar between white and
black subjects with asthma, irrespective
of whether women or men were studied
(P for time-race interaction = 0.35
and 0.99, respectively; Table 2, Figure
E6). Independent of time, the proportion
of adult-onset disease was, however,
greater among white men and women,
as compared with their black
counterparts, with no sex differences
(P = 0.21 for sex-race interaction; Table
2, Figure E6).

Adult-Onset Disease Differed from
Pediatric-Onset Disease among
Adults with Respect to Key

Clinical Variables

As shown in Table 3, adult-onset disease was
more common than pediatric-onset disease
among women as well as among older,
obese, or nonatopic subjects at mean age of
45 years. Furthermore, adult-onset disease
was associated with more respiratory
symptoms and asthma medications
(including inhaled corticosteroids) despite

a higher prebronchodilator FEV/FVC ratio
(P = 0.03 for all above analyses; Table 3).

The Quiescent Asthma State Was
Less Frequent and Also More Likely
to Recrudesce over Time for Adult-
Onset Disease than for Pediatric-
Onset Disease among Adults
Adult-onset disease was less likely to be
quiescent than pediatric-onset disease

among adults with asthma across all
examination visits (34.9 vs. 57.1%; P <
0.001). In the Markov theoretical model for
steady state between various disease
transitions, the percent of subjects in the
quiescent state had calculated stationary
probabilities of 60% for adult-onset and
81% for pediatric-onset disease. This also
means that on any study visit, 40% of adult-
onset and 19% of pediatric-onset patients
were expected to have active (i.e.,
recrudescent or persistent) asthma.
Furthermore, transition probabilities
over time for various asthma states were
compared between adult-onset and
pediatric-onset disease (Table 4). The
probability of transition from quiescent to
recrudescent state over time was twice as
high (i.e., less stable) for adult-onset disease
than for pediatric-onset disease (Fisher
exact test: P << 0.005 for all, men, or
women). On the other hand, transition

Table 3. Phenotypic differences between adult-onset and pediatric-onset asthma at Coronary Artery Risk Development in Young
Adults Year 20 examination (mean age, 45 Yr), shown as an example

Characteristic at CARDIA
Y20 Examination

Female sex, %

White race, %

Age, yr

Age of onset of disease, yr
Obesity, %

BMI, kg/m?

Atopy, %

Ever-smoking status,* %
Respiratory symptom score’
Number of asthma medications used
Inhaled corticosteroid use, %
Incident disease, %
Persistent disease, %
Quiescent disease, %
Recrudescent disease, %

Absolute prebronchodilator FEV4/FVC ratio at

CARDIA Y20 examination
Change in CARDIA Y10-Y20 FEV,/FVC ratio*

Subjects with Ever-Asthma
of Adult Onset (n = 348)

Mean =+ SD or %

[AYN
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w
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SR I NN I N R NN
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©
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vt Lo toly
O

36.9

Subjects with Ever-Asthma P
of Pediatric Onset (n = 306) Value
Mean + SD or %
51.3 <0.001
44.8 0.41
44.8 = 3.6 0.03
6.9 + 4.9 —
36.8 0.002
29.7 =75 0.005
57.4 <0.001
39.5 0.18
22 +19 <0.001
0.4 +0.9 0.002
10.5 0.02
0 J—
35.6 0.84
55.0 <0.001
9.4 0.74
752 = 8.5 0.03
—-1.5 * 5.1 0.15

Definition of abbreviations: BMI = body mass index; CARDIA = Coronary Artery Risk Development in Young Adults study; Y10 = Year 10; Y20 = Year 20.
Of 900 subjects with prevalent (i.e., ever life) asthma at CARDIA Y20, data are available for 654 subjects. Spirometry at CARDIA Y20 examination was
additionally available for 621 subjects.

*Data were limited to those who had both established asthma diagnosis by CARDIA Y10 examination and had complete spirometry data at both Y10 and
Y20 examinations (n = 426).

"The number of respiratory symptoms was obtained from coding the following seven questions with binary responses: (1) Does your chest ever sound
wheezy or whistling when you have a cold? (2) Does your chest sound wheezy or whistling occasionally apart from a cold? (3) Have you ever had an
attack of wheezing that made you feel short of breath? (4) Have you had two or more episodes of attacks of wheezing that made you feel short of breath?
(5) Are you troubled by shortness of breath when hurrying on the level or walking up a slight hill? (6) When walking on level ground, do you have to walk
slower than people your age because of breathlessness? (7) Do you ever have to stop for breath when walking at your own pace on level ground?
*Multivariable analysis examined the difference between the two groups related to sex, age, nonatopic status, and obesity, factors significant in the
univariate analyses. After adjusting for the effect of remaining three covariates, sex and nonatopic status remained significant (P < 0.001 for both),
whereas age and obesity trended toward significance (P = 0.07 and 0.10, respectively). Substituting obesity with BMI in the multivariable analyses did not
change the results.
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Table 4. Observed transition probabilities among various asthma states between an examination visit and following examination
visit—A univariate longitudinal analysis accumulative over a 25-year period

Persistent Asthma Quiescent Asthma Recrudescent Asthma

After After After

Persistent Asthma Before
All Adult-onset type 83.0 17.0

Pediatric-onset type 79.5 20.5
Quiescent Asthma Before
All Adult-onset type 59.9 40.1

Pediatric-onset type 80.7 19.3
Recrudescent Asthma Before
All Adult-onset type 64.1 35.9

Pediatric-onset type 60.2 39.8

Data are given as %. For adult-onset asthma, the transition probabilities over time between various asthma states are similar for men and women
(Fisher exact test, all P = 0.55). Similar findings were noted for pediatric-onset asthma as well (all P = 0.06). The quiescent asthma state for adult-onset
disease is significantly “less stable” over time than for pediatric-onset disease (Fisher exact test, P < 0.005 for all, men and women). For recrudescent or
persistent asthma states, the transition probabilities over time are, however, similar for adult-onset and pediatric-onset disease.

multivariable model of 0.04 and 0.06,
respectively). On the other hand, ever-
smokers were more likely to recrudesce than
never-smokers among those with adult-
onset (P = 0.004) but not pediatric-onset

probabilities over time for either
recrudescent or persistent asthma states
were similar between adult-onset and
pediatric-onset disease.

Factors associated with increased odds

women with asthma and by even younger
ages among obese, nonatopic, ever-smoking,
or white women with asthma. Furthermore,
adult-onset asthma has remarkable sex-
related differences in risk factors. Thus,

for recrudescence of quiescent asthma were
then compared between adult-onset and
pediatric-onset disease (Table 5). Women
and ever-obese subjects with quiescent
pediatric-onset asthma were more likely to
recrudesce than men and never-obese
subjects, respectively (P values in best

quiescent asthma state (interaction P = 0.01).

Discussion

Adult-onset disease becomes the dominant
phenotype by an age of 40 years among

obesity, nonatopic state, and ever-smoking
each increase the proportion of adult-onset
disease among women with asthma but not
men. Finally, in both sexes, the quiescent
state for adult-onset asthma is less frequent
and also “less stable” over time than for
pediatric-onset asthma. Factors associated

Table 5. Factors affecting the odds of transitioning from quiescent to recrudescent asthma state, stratified by adult versus pediatric-
onset disease—Univariate and multivariable longitudinal analyses accumulative over a 25-year period

Characteristic  Asthma Type Univariate Model Full Multivariable Model Best Multivariable Model*
Odds Ratio (95% Cl) P Value Odds Ratio (95% CI) P Value Odds Ratio (95% CIl) P Value
Female sex Adult onset 1.43 (0.67, 3.04) 0.35 1.29 (0.64, 2.63) 0.48
Pediatric onset 1.69 (1.07, 2.67) 0.03 1.48 (0.92, 2.40) 0.11 1.62 (1.02, 2.57) 0.04
White race Adult onset 0.60 (0.31, 1.17) 0.13 0.59 (0.29, 1.18) 0.13
Pediatric onset 0.70 (0.44, 1.12) 0.13 0.86 (0.52, 1.41) 0.55
Non-atopic status  Adult onset 1.55 (0.82, 2.95) 0.18 1.26 (0.64. 2.48) 0.50
Pediatric onset 0.70 (0.43, 1.12) 0.14 0.74 (0.45, 1.22) 0.24
Ever-smoker Adult onset 2.59 (1.35, 5.00) 0.004 2.50 (1.29, 4.82) 0.006 2.59 (1.35, 5.00) 0.004
Pediatric onset 1.02 (0.64, 1.61) 0.94 1.05 (0.67, 1.67) 0.83
Ever-obese Adult onset 1.63 (0.83, 3.18) 0.15 1.17 (0.59, 2.31) 0.66
Pediatric onset 1.64 (1.04, 2.59) 0.03 1.52 (0.93, 2.47) 0.09 1.57 (0.99, 2.49) 0.06

Definition of abbreviation: Cl = confidence interval.

There were 580 transition events from quiescent to recrudescent state among those with pediatric-onset asthma and 182 similar events among
those with adult-onset asthma. Women were more likely than men to transition over time from quiescent to recrudescent state among all subjects

with asthma (29.5 vs. 18.0%; P = 0.01) as well as among those with pediatric-onset (23.5 vs. 15.4%; P = 0.03) or adult-onset disease (42.4 vs. 34.0%;
P = 0.35). Ever-smokers were more likely than never-smokers to transition over time from quiescent to recrudescent state only among those with adult-
onset disease (50.5 vs. 28.2%; P = 0.004). The interaction between ever-smoking and age-of-onset asthma category on transition to recrudescence
was significant (P = 0.01) The best multivariable model was obtained using stepwise logistic regression using Proc Genmod function in SAS and is
presented in the columns on the extreme right. We prefer to use the best multivariable model over the full multivariable model because of the observed
correlation between the studied variables resulting in overadjustment in the full multivariable model.

*Ever-obese subjects were more likely than never-obese subjects to transition over time from quiescent to recrudescent state among all (30.4 vs. 19.2%;
P = 0.008) as well as among those with pediatric-onset (24.0 vs. 16.1%; P = 0.03) or adult-onset disease (P = 0.15).
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with recrudescence of quiescent asthma
state differ between adult- and pediatric-
onset diseases.

Using a large U.S.-based cohort of
adults in the reproductive age group with
a 25-year follow-up, our study challenges
the commonly held belief among clinicians
that most asthma in adults originates in
childhood (13-16). Although this dictum
may still hold true among middle-aged
men, adult-onset disease becomes the
dominant phenotype among women with
asthma by 40 years of age and at even lower
ages among specific subsets of women.
Interestingly, this issue has been
inadequately examined in the literature.
Pediatric longitudinal asthma cohorts are
often limited by insufficient follow-up into
late adulthood (17). On the other hand,
adult longitudinal cohorts often exclude the
study of early-onset asthma (18-25). In
a clinic-based population, Barnes
suggested that the severe asthma subset in
adults may more frequently start in adult
life than in childhood (13). Our findings
expand on this observation by
demonstrating that not-so-severe asthma
in middle-aged women also more
frequently starts in adult life; less severity
is suggested by the lower number of
asthma medications used by our
community-based cohort of subjects with
asthma (as shown in Table 3).

Our data are consistent with the
literature that women are more at risk for
adult-onset asthma than men (19, 26-29).
Although many reasons have been
hypothesized, it is believed that
reproductive hormones may partly explain
these sex differences (30). Our study shows
that ever having smoked is a risk factor for
adult-onset asthma, but only for women.
The literature regarding the risk of asthma
among smokers, however, remains
conflicting (18, 25, 26, 31, 32). In one
longitudinal study, Jamrozik and colleagues
hypothesized that smoking influences the
probability of being diagnosed with asthma
through the development of either impaired
lung function or exacerbation of respiratory
symptoms (18). Unlike ever-smoking, we
did not find either current smoking or
environmental tobacco smoke exposure to
be risk factors for adult-onset asthma in
women but found them to be seemingly
protective among men. Our findings may
be explained by selection bias from “healthy
smoker effect” that is particularly strong
among men with asthma. Furthermore, our
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data are also consistent with other studies
that demonstrate obesity to be a risk factor
for incident asthma primarily among
women (33-38). Few longitudinal studies
have examined the relationship of atopy
(resulting from Th2 pathway of
immunologic reactions [39]) to adult-onset
asthma. Although atopy is a strong risk
factor for pediatric-onset asthma (40), its
association with adult-onset asthma is
controversial. Thus, although atopy was

a risk factor for adult-onset asthma in the
Finnish twin cohort (21), other longitudinal
studies did not demonstrate a predictive
association (18, 24, 41). On the other hand,
our data remarkably suggest that in women,
a nonatopic state increases risk for adult-
onset disease, suggesting immunological
differences between the adult-onset and
pediatric-onset asthma phenotypes. We
were surprised to find that white, rather
than black, subjects with asthma were at
higher risk for adult-onset disease. It
appears that most black subjects with
asthma, despite their higher prevalence of
obesity and ever-smoking state, develop
asthma during childhood. This finding may
be partly explained by genetic differences or
racial differences in childhood allergen
exposures related to differences in
socioeconomic status.

The current literature, primarily
derived from cross-sectional studies, further
suggests that among adults, asthma of adult
onset is more “difficult to control” than
asthma of pediatric onset (13, 42, 43). Our
longitudinal study supports this conclusion
by demonstrating that adult-onset disease is
more likely to be persistent and, conversely,
less likely to be quiescent than pediatric-
onset disease among adults with asthma.
Furthermore, once quiescent, recrudescence
into active state is more likely among adult-
onset than pediatric-onset disease among
adults with asthma. Interestingly, women
and obese subjects are more likely to
recrudesce than their respective
counterparts, particularly with pediatric-
onset asthma (13, 44). It is unclear why
smoking is associated with recrudescence
only in adult-onset disease.

The strengths of our study include its
sex-specific stratified analysis, the well-
defined study population set within a cohort
structure, and our longitudinal analyses over
25 years. The study, however, has some
limitations. Self-report of provider-
diagnosed asthma is the standard definition
used in epidemiological studies but has

misclassification bias, based on the
controversial “gold standard” of airway
hyperresponsiveness (45). Our results could
be explained by a greater erroneous
overdiagnosis among women or
underdiagnosis among men. This is
unlikely, because Aaron and colleagues
showed that men in fact were more likely
than women to be overdiagnosed (45).
Furthermore, obese subjects or smokers
were not more likely to be overdiagnosed
than their respective counterparts (45).
Although Aaron and colleagues did not
evaluate the effect of atopy on asthma
misclassification, it is remarkable that
season of testing did not affect
misclassification rates (45). In addition,
self-report may miss subjects with mild
asthma severity. However, this is unlikely,
given that most subjects with asthma in our
study had asthma of intermittent or mild
persistent severity (46). Similarly, asthma
self-report may include early chronic
obstructive pulmonary disease, particularly
among smokers. Although this is possible,
it seems less likely because most subjects
with asthma in our study had normal
prebronchodilator FEV;/FVC ratio at mean
age 45 years (Table 3). It is also possible
that asthma diagnosed in adulthood may in
fact originate earlier but is missed during
childhood (17, 47). Although possible, it
appears that the two asthma phenotypes are
indeed different with respect to their
natural history, relationship to key risk
factors, respiratory symptom severity, need
for medications, and lung function in
adulthood (Table 3). Although our study
has divided all subjects with asthma into
two phenotypes (adult onset vs. pediatric
onset), others have described a greater
number of phenotypes; our study does not
consider these alternative phenotypes of
asthma (Table E2 [43]). Recall bias may
misclassify age of onset. However, 95.2% of
all subjects with asthma consistently
classified their disease onset status at
subsequent examination visits. Recall bias
related to medication component of the
asthma definitions was minimized by
trained investigators verifying pill
containers and inhalers. Furthermore, self-
report of atopy was obtained at YO
examination and not collected at
subsequent follow-up examinations or
corroborated objectively. Additionally,
occupational history in relation to onset of
asthma in adults was not obtained.
However, the twofold greater annual
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incidence of asthma among women than
men in this cohort is not consistent with
the reported epidemiology of occupational
asthma (48-50). Finally, although the
CARDIA cohort may not be representative
of the overall U.S. population, our findings
are relevant to urban and suburban
populations.

In summary, this longitudinal study
challenges the commonly held belief
among clinicians that most asthma in

adults originates in childhood. In fact,
adult-onset asthma becomes the
dominant phenotype in women by an age
of 40 years and at an even lower age
among obese, nonatopic, ever-smoker, or
white women. Clinicians should be
reminded that adult-onset disease is
associated with different risk factors,
greater symptoms and medication use,
and a quiescent state that is both

less frequent and “less stable” over time

than pediatric-onset asthma. Studies of
the differences between pediatric- and
adult-onset asthma may provide
additional insight into the phenotypic
heterogeneity of asthma. M
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