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Advances in adult asthma 2006: Its risk
factors, course, and management

Andrea J. Apter, MD, MSc Philadelphia, Pa
This Advances article updates our understanding of risk

factors for asthma and its course and management. Studies

relevant to clinical practice are discussed, with special attention

to their clinical research methods. (J Allergy Clin Immunol

nnnn;nnn:nnn-nnn.)
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As in previous Advances,1-3 the focus of this year’s re-
view is risk factors for asthma, its course, and manage-
ment. Key advances are summarized in Table I. This
year, Asthma Advances is in 2 parts: this article focuses
on adults, whereas Szefler4 reviews pediatric advances
in this issue of the Journal. This evaluation of new adult
research will consider some clinical research problems
that must be addressed to obtain meaningful results.

In formulating a study question, investigators must
make methodologic choices that ultimately affect the
validity and generalizability of their results. Two choices
that might be particularly relevant and also difficult for
asthma research are of study design and subject selection.
With respect to study design, it may be impractical to use
a longitudinal cohort or a randomized intervention for
evaluating the relationship of asthma and obesity, for
example, or whether certain fetal exposures are risk factors
for asthma. Cross-sectional designs, more feasible, can be
used to describe whether variables measured at one time
point are statistically associated. However, they cannot
determine whether one variable chronologically preceded
another or whether a cause-and-effect relationship exists
among variables. Nevertheless, they may be useful for
generating hypotheses for further investigation.

The method by which subjects are selected can also
influence the outcome. Recruiting persons with self-
reported asthma is convenient and sensitive, but not
necessarily specific, as individuals with asthma symptoms
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such as cough, shortness of breath, or wheezing from other
causes may be included. As most patients with asthma
have mild disease and normal or near-normal spirometry,
the extent to which they populate a study may influence its
relevance to patients with more severe asthma. Thus, study
design and patient selection are important methodologic
issues and will be used to frame this review.

THE COURSE OF ASTHMA AND NEW
RESEARCH ABOUT RISK FACTORS

Birth cohorts and the natural history
of asthma

Reed5 thoughtfully reviewed the birth cohort studies
concerning the natural history of asthma. He concludes
that allergic asthma develops most frequently in the sec-
ond decade, and when older individuals develop new aller-
gic asthma, it is in response to a new allergen. Although
many patients with allergic asthma experience transient
or permanent remission, those with more severe asthma
or asthma associated with continued allergen exposure
are less likely to do so. In contrast, intrinsic asthma can de-
velop at any age, but is more frequent, persistent, and se-
vere in middle-aged and older adults. Such heterogeneity
supports the theory that asthma is a complex disease to
which many genes contribute. Heterogeneity also results
from varied environmental factors, including occupational
and social exposures, leading to gene-environment inter-
actions. With regard to patient selection in birth cohort
studies, Reed observes that significant numbers of asth-
matic individuals have coexisting lung disease or develop
asthma later in life.5 Neither group has been captured
by birth cohorts, yet both have significant morbidity and
deserve study.

Preterm delivery

Jaakkola et al6 conducted a meta-analysis questioning
whether preterm birth (gestational age less than 37 weeks)
is associated with development of asthma, defined by a
physician’s diagnosis, hospitalization, patient or parent re-
port, or history of asthma. Nineteen original studies—14

Abbreviations used
FENO: Fraction of exhaled nitric oxide

ICS: Inhaled corticosteroid
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TABLE I. Key advances in adult asthma in 2006

1. Persistence or refill of ICS is poor.

2. Patients receiving combination rather than concurrent ICS and LABA refill slightly more frequently, if there is no cost differential.

3. Use of the lowest effective dose of ICS is warranted; ICS use in mild/moderate asthma compares favorably to other therapies assuming a

wide range of assumptions about ICS’s effect on bone density.

4. Asthma and obesity are statistically associated, but whether there is a causal relationship has not been determined.

5. In assessing the impact of environmental exposures on asthma, social variables must also be considered.

6. When reporting clinical outcomes, including biomarker assessments strengthens the research.

LABA, Long-acting b-agonist.
cohort, 4 cross-sectional, and 1 case-control—were iden-
tified. A 7% increase in risk was found in preterm children,
but the risk was heterogeneous, with a stronger relation-
ship found in cross-sectional studies, smaller studies,
and studies with younger participants (perhaps the differ-
ences diminishing as infants’ lungs mature).

Sex hormones

Sex hormones have been hypothesized to modulate
asthma control, as asthma prevalence among females
increases after puberty. Salam et al7 report a cross-sec-
tional study examining whether early menarche among
females of 13 to 28 years is associated with the onset of
asthma after puberty and whether oral contraceptive
(OC) use was linked to current wheeze. For this secondary
analysis of data from the Children’s Health Study, the
investigators defined asthma as self-reported current or
exercise-induced wheeze or the use of asthma medica-
tions. They found that women with menarche before age
12 years had a 2-fold higher risk of asthma after puberty,
but 39% of the subjects from the original cohort could not
be contacted and were excluded from their analysis. In
women without asthma, OC use was associated with higher
risk of wheeze, but among women with a history of asthma,
OC use was related to a reduced risk of current wheeze.
Among other possibilities, the investigators speculated
that taking OCs motivate better adherence to asthma medi-
cines. These puzzling findings do not support a significant
clinical relationship between female hormones and asthma.

Obesity

Obesity is statistically associated with asthma,8-12 as
has been discussed in this Journal previously.13-19 What
remains unclear is whether the association has a biologic
cause, whether respiratory symptoms in obese persons
are misdiagnosed as asthma, or whether the observed asso-
ciation is due to simultaneously occurring but unrelated
factors, such as the growing availability of high-calorie
food, but at the same time access to medical care of asthma
is becoming more difficult for low-income patients.
Several researchers have attempted to determine whether
the link is an obesity-induced proasthmatic inflammatory
state, as manifested by positive associations with atopic
status20 or IgE levels14 or by a negative association with
exhaled nitric oxide (FENO).13 However, these studies
are cross-sectional, and some use self-report to define
asthma, emphasizing the need for longitudinal, prospec-
tive studies.
Social environment

Social environment has a marked influence on the
outcome of asthma and other treatable diseases.21,22 Low
socioeconomic status is a major risk factor for death from
asthma,5 as is membership in certain racial and ethnic
minority groups.22 As noted by Joseph et al,23 emergency
department rates, hospitalizations, and deaths from asthma
are 2 to 4 times higher in African Americans than whites.
The highest asthma prevalence is reported in Puerto Rican
Americans (13.5%), followed by Native Americans
(9.9%), non-Hispanic blacks (9.5%), and whites (7.2%).
Addressing barriers to quality of care related to access,
socioeconomic status, culture, physical environment, and
genetic susceptibility is arguably today’s most important
task for asthma clinical researchers, health policy experts,
and physicians caring for patients.21,23,24 The research
cannot come too soon, because as Gupta et al25 point
out in their cohort study using data from the National
Hospital Discharge Survey US, the black/white differ-
ences in hospitalizations and mortality are increasing for
children between 5 and 18 years.

The hygiene hypothesis

The hygiene hypothesis, discussed in previous
Advances,1,3 continues to generate controversy. Using
data from the third National Health and Nutrition
Examination Survey (NHANES III), Arbes et al26 found
colonization of the oral cavity by bacteria (measured indi-
rectly by examining serum IgG directed against these
micro-organisms) associated with asthma, wheeze, and
hayfever. In Vietnamese schoolchildren, sensitization to
dust mite was negatively associated with hookworm bur-
den and Ascaris infection and positively associated with
use of flush toilets.27 Radon and Schulze28 explored the
relationship of obesity and non-farm living as Western
lifestyle markers with rhinitis symptoms and allergic
sensitization. Although interesting, as noted by the authors
described above and in a commentary by Gold,29 such
findings are limited by their cross-sectional designs and
the possibility of unmeasured confounders. Two reports
are also limited by the use of self-report for diagnosis of
asthma.30,31

MEASURING ASTHMA CONTROL

Asthma control, an important variable in clinical stud-
ies, may be measured by self-report, biomarkers, or
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preferably by both. One recently developed self-report
measure is the Asthma Control Test (ACT), a 5-item
questionnaire that was further validated this year in
patients with mostly mild asthma treated by an asthma
specialist.32,33 The generalizability of this test to more
severe asthmatic groups and comparison with other tests
of asthma control need further study.

Biomarkers are ‘‘laboratory measurements that are
associated with the biology or physiology of a clinical
disease process.’’34 Examples of asthma biomarkers in-
clude genetic polymorphisms, levels of inflammatory
mediators, FENO, breathe condensate, sputum composi-
tion, and FEV1. Ideally, biomarker levels correlate with
clinical features of asthma, such as control,35 and capture
the natural fluctuations of disease and response to ther-
apy.34 Deykin34 suggests that sputum eosinophil count
and to a lesser degree FENO are the best markers of
clinical deterioration, the latter recently proposed as a
method for guiding adjustment of inhaled corticosteroid
(ICS).35 However, Hargreave and Parameswaran point
out that FENO has limitations as a guide for treating
chronic asthma, because it is not specific for detecting
eosinophilic inflammation.36,37 Currently, these measure-
ments are too expensive and complex for routine clinical
application. Cockroft and Davisl38 studied another bio-
marker, airway responsiveness to methacholine, and
found that alternate inhalation procedures, that is, deep
versus tidal breathing of methacholine, yield different
test results. Better definition of biomarkers will be an im-
portant contribution to the understanding of asthma.

MANAGEMENT

The January 2006 issue of the Journal contains excel-
lent reviews of the ongoing controversies concerning
adverse events associated with b2-adrenergic agonist
use.23,39-44 For the 2004 Summer Olympic Games, objec-
tive evidence of asthma or exercise-induced broncho-
constriction was required for approval to use inhaled
b2-adrenergic agonist. Subsequently, the number of ath-
letes applying declined.45 This report illustrates the chal-
lenge of diagnosing exercise-induced bronchospasm in
athletes and patients in general when there is only subjec-
tive report of symptoms.

Poor adherence to ICSs accounts for significant mor-
bidity.46 Much research uses electronic monitors to mea-
sure actuation of an inhaler or, with far more error,
patient report. Bender et al47 utilized a nationwide phar-
macy chain database to study a different aspect of adher-
ence: refilling of ICS prescriptions, called persistence.
Although electronic monitors usually view medication
use over a month’s interval, persistence can account for
behavior over a long period of time. Thus, the 2 measures
are complementary. Bender et al’s assessment47 was lim-
ited to patients who filled fluticasone/salmeterol prescrip-
tions at least once and had refills prescribed. Among
5504 patients, fewer than half refilled the prescription.
On average, patients who filled prescriptions obtained
only enough fluticasone/salmeterol for 22.2% of the
days of the 1-year observation period. Despite some limi-
tations in the study’s methods, for instance, lack of race/
ethnicity and socioeconomic status data for determining
generalizability, the possibility the patient used another
pharmacy or had the medication changed, these results in-
dicate that most patients do not take medications as recom-
mended by current national guidelines and the importance
of further study of adherence.

Marceau et al48 also compared ICS persistence and ad-
herence in Canadian adults aged 16 to 44. They, too, found
dismal rates of persistence, 5% to 10% over a year, but
somewhat better persistence among those taking a combi-
nation ICS and long-acting b-agonist. Because these med-
ications were covered by public insurance plans, cost to
the patient for concurrent compared with combination
therapy was likely the same.

Fuhlbrigge et al49 examined the cost effectiveness of
ICS for women aged 35 years over a wide range of as-
sumptions of its effect at various doses on bone density.
Using a mathematical simulation model, the investigators
found that only when very high doses of ICS were used
over a lifetime did sufficiently large adverse effects on
bone density outweigh their positive effects on asthma
control in this population.

CONCLUSION

The challenge for future clinical studies is to find
feasible ways to conduct longitudinal studies and to
reliably and practically define asthma and its control and
severity for research purposes for a wide range of patients.
Important goals for clinical research are to address the
health disparity in asthma and problems with adherence.

I gratefully thank Anita T. Gewurz, MD, for her review and

suggestions.
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