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Asthma: Clinical expression and molecular mechanisms
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Abbreviations used

API: Asthma predictive index

EBC: Exhaled breath condensate

EIB: Exercise-induced bronchospasm

GERD: Gastroesophageal reflux disease

ICS: Inhaled corticosteroid

LABA: Long-acting b-agonist

NSAID: Nonsteroidal anti-inflammatory drug

RBM: Reticular basement membrane

RSV: Respiratory syncytial virus
Asthma is a complex disorder that displays heterogeneity and
variability in its clinical expression both acutely and chronically.
This heterogeneity is influenced by multiple factors including
age, sex, socioeconomic status, race and/or ethnicity, and gene
by environment interactions. Presently, no precise physiologic,
immunologic, or histologic characteristics can be used to
definitively make a diagnosis of asthma, and therefore the
diagnosis is often made on a clinical basis related to symptom
patterns (airways obstruction and hyperresponsiveness) and
responses to therapy (partial or complete reversibility) over time.
Although current treatment modalities are capable of producing
control of symptoms and improvements in pulmonary function in
the majority of patients, acute and often severe exacerbations still
occur and contribute significantly to both the morbidity and
mortality of asthma in all age groups. This review will highlight
some of the important clinical features of asthma and emphasize
recent advances in both pathophysiology and treatment.
(J Allergy Clin Immunol 2010;125:S95-102.)
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Asthma is a heterogeneous disorder that is characterized by
variable airflow obstruction, airway inflammation and hyper-
responsiveness, and reversibility either spontaneously or as a
result of treatment. Multiple etiologies no doubt exist for both its
inception and symptom exacerbation once the disease is estab-
lished. Factors underlying inception can range from viral respi-
ratory tract infections in infancy1,2 to occupational exposures in
adults.3 Factors underlying asthma exacerbations include allergen
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exposure in sensitized individuals, viral infections, exercise, irri-
tants, and ingestion of nonsteroidal anti-inflammatory agents,
among others. Exacerbating factors can include one or all of these
exposures and vary both among and within patients. Asthma treat-
ment is determined to a large extent after an initial assessment of
severity and subsequent establishment of control, both of which
can be variable over time and assessed in 2 domains: impairment
(current) and risk (long-term consequences).4 Unfortunately, de-
spite the availability of effective therapies, suboptimal asthma
control exists in many patients on a worldwide basis.5 The future
development of novel therapies and treatment paradigms should
address these disparities.

NATURAL HISTORY (INCEPTION AND

PROGRESSION)
For many asthmatic subjects, the disease has its roots during

infancy and early childhood. Viral respiratory tract infections
produce wheezing episodes during the first 3 years of life in about
50% of children.6 Some of these children will stop wheezing
(transient wheezers), whereas others will go on to have persistent
symptoms that will either dissipate before adolescence (primarily
nonatopic subjects) or continue into adolescence (atopic wheez-
ers).7 Once in remission, the disease process might remain quies-
cent, or the subject could relapse in later life.8,9 The phenotype of
severe asthma has also been recently well described.10

The pattern and rate of loss of lung function in asthmatic
subjects has been of interest and concern for many investigators.
A number of groups have reported that the greatest absolute loss
of lung function appears to occur very early in childhood.8,11,12

Some have reported that the peak in lung function that is achieved
at about 20 years of age in asthmatic subjects can be decreased13

and that the rate of further loss during adulthood can be increased
in asthmatic subjects.14 About one fourth of children with asthma
might experience greater rates of loss of lung function, and these
children have certain phenotypic characteristics: younger age,
male sex, higher postbronchodilator FEV1 percent predicted,
and greater airway eosinophilic inflammation.15

Molecular and cellular mechanisms in asthma
Children. The performance of invasive procedures in children

to evaluate molecular and cellular mechanisms in asthma is
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obviously not as feasible from a variety of standpoints compared
with adults. However, a few carefully and safely conducted
studies in young children have provided insights into possible
pathophysiologic features as they relate to developmental mile-
stones and disease expression. When bronchoalveolar lavage has
been performed in young wheezing children, a 3-fold increase in
total cells, most significantly lymphocytes, polymorphonuclear
cells, and macrophages/monocytes, compared with counts seen in
healthy children has been noted. In addition, levels of leukotriene
B4 and C4, prostaglandin E2, and the potentially epithelium-
derived 15-hydroxyeicosattetranoic acid were all increased.16

Several bronchial biopsy studies have been performed in
children. In 53 infants with reversible airflow obstruction eval-
uated for severe wheezing or cough, bronchial biopsy specimens
demonstrated no reticular basement membrane (RBM) thicken-
ing or the eosinophilic inflammation characteristic of asthma in
older children and adults, even in the presence of atopic charac-
teristics.17 Conversely, children younger than 6 years with asthma
had increased epithelial loss, basement membrane thickening,
and eosinophilia compared with control subjects of the same
age. However, similar pathologic changes were seen in atopic
children without asthma.18 Taken together, it appears that the in-
flammatory and structural changes associated with asthma occur
sometime after infancy during the early preschool years, when
children experience more persistent symptoms of airway
dysfunction.

In older children 6 to 16 years of age with difficult asthma
receiving high-dose inhaled corticosteroids (ICSs), RBM thick-
ening to a similar extent to that seen in adult asthmatic subjects
has been demonstrated.19 Additionally, there was no association
with RBM thickening and age, symptom duration, lung function,
or concurrent eosinophilic airway inflammation. However, unlike
adults with asthma, no relationship was observed between RBM
thickness and bronchial wall thickening on high-resolution com-
puted tomographic scanning in children with difficult asthma.20

Finally, persistent airflow obstruction has been associated with
a greater density of CD41 T lymphocytes in endobronchial bi-
opsy specimens in 27 school-aged children with difficult asthma
after treatment with systemic corticosteroids compared with that
seen in control subjects.21

A number of biomarkers have been evaluated to avoid the
invasive procedures of bronchial lavage, biopsy, or both in
children. Exhaled nitric oxide might be useful as a diagnostic
tool and in ongoing management of children with asthma.
Exhaled nitric oxide levels have been demonstrated to differen-
tiate young children with asthma from those without,22 to identify
children who are likely to respond to ICSs,23 and to predict those
children who will experience an asthma relapse after reduction of
ICSs.24 However, recent data indicate that when fraction of
exhaled nitric oxide monitoring is used in conjunction with a
National Asthma Education and Prevention Program guide-
lines–based asthma management program, it might result in
excessive ICS dosing without any significant gains in achieving
or maintaining asthma control.25

Exhaled breath condensate (EBC) is obtained by cooling
exhaled air and is believed to reflect the contents of the airway
lining fluid.26 Hydrogen peroxide, isoprostanes, aldehydes, and
nitrotyrosine are considered markers of oxidative stress, and their
levels are increased in the EBC of children with asthma, suggest-
ing an imbalance between oxidants and antioxidants. Conversely,
levels of glutathione, a protective lung antioxidant, are decreased
in children with acute asthma, suggesting a reduced antioxidant
capacity.27 Levels of the inflammatory mediators cysteinyl leuko-
trienes are increased in the EBC of children with atopic asthma,
even while receiving corticosteroid treatment.28 Finally, airway
pH balance might have a role in asthma because a reduced EBC
pH has been reported in children with acute or stable asthma.26

Levels of several other mediators of inflammatory cells have
been found to be significantly higher in very young children with
asthma, including the number of blood eosinophils, serum
eosinophil cationic protein, eosinophil-derived neurotoxin, and
urinary eosinophil-derived neurotoxin.29 In addition, both in-
creased eosinophil cationic protein and cysteinyl leukotriene
levels30 have been obtained from nasal washings in wheezing
children less than 2 years of age.

Adults. Asthma for most, but not all, patients begins in early
life. As noted above, the cellular and molecular patterns associ-
ated with airway inflammation in asthma are complex, interac-
tive, redundant, and variable.31 In adults, particularly those with
established longstanding disease, the factors that contribute to
the pathophysiology of airway abnormalities are dependent on
the phases of asthma, such as acute, persistent, severe versus non-
severe, or during treatment.

An understanding of the immunopathology of airways in
asthma has been markedly advanced with the use of bronchos-
copy and biopsy. These airway samples can then be analyzed by
using histologic and immunologic methods, and the identified
features can be evaluated in relationship to clinical features of
asthma to more fully understand the contribution of cellular and
molecular events to the resulting physiology and response to
treatment.32 In addition, it is now appreciated that the regulation
of airway inflammation is distinct in different phases of asthma
(ie, early-onset disease largely related to allergic inflammation
and in the persistent or chronic phase of the disease).33 It is helpful
to arbitrarily consider asthma in terms of the traditional TH2 in-
flammatory processes and the more chronic inflammatory phase,
in which resident airway cells assume the more dominant compo-
nent contributing to airway dysfunction (Fig 1),33 to appreciate
the immunopathogenetic mechanisms associated with different
phases of asthma.

In the acute inflammatory aspects of asthma, allergen-IgE–
directed processes are predominant features of airway pathology,
with mast cells, TH2 lymphocytes, and eosinophils the predominant
histologic features.32 The cytokine network associated with these
processes often includes IL-3, IL-4, IL-5, IL-9, and IL-13.34

Mast cells are important contributors both to the initiation of
asthma with release of acute-phase mediators, including cysteinyl
leukotrienes, and also inflammatory cytokines, which serve to per-
petuate inflammatory events in the airway.35 Subpopulations of
lymphocytes polarized toward a TH2 profile further the inflamma-
tory process by release of cytokines, including IL-4, IL-5, and IL-
13. It is these factors that serve to drive inflammation (eg, recruit-
ment of eosinophils) and also regulate IgE production.32

Eosinophils are a characteristic feature of allergic inflamma-
tion.32 The biology of eosinophils is well designed to cause
airway inflammation, enhancement of airway hyperresponsive-
ness, and airflow obstruction. Eosinophils are recruited to the air-
way in asthmatic subjects by families of cytokines, and
chemokines (eg, IL-5, RANTES, and eotaxin) undergo cell acti-
vation through processes not fully identified and release highly in-
flammatory granule-associated substances, the actions of which
injure the airway and cause persistent inflammation. Eosinophils



FIG 1. Inflammatory and remodeling responses in asthma with activation of the epithelial mesenchymal

trophic unit. The epithelial mesenchymal trophic unit has been defined as bidirectional interaction between

the epithelium and underlying mesenchyme involving the release of selective growth factors and cytokines.

Epithelial damage alters the set point for communication between bronchial epithelium and underlying

mesenchymal cells, leading to myofibroblast activation, an increase in mesenchymal volume, and

induction of structural changes throughout airway wall. Used with permission from the Lancet.33
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are also a rich source for leukotrienes, products of oxidative me-
tabolism, and inflammatory cytokines and growth factors.36 Al-
though the eosinophil is a prominent feature of airway
pathology in asthmatic subjects, its precise contribution to airway
pathophysiology is undergoing re-evaluation.

The pattern of airway injury in patients with chronic asthma
tends to be more variable, with a shift in the histologic picture
toward resident cells of the airway as the more likely cause of
persistent disease. In some patients there will be a progressive
decrease in lung function and the development of chronic
irreversible changes in lung function with their asthma. Although
these changes likely have their origins at the onset of asthma,
many questions remain as to who is at risk for airway remodeling,
when this process begins, and what factors regulate the transition
from acute to chronic inflammation. The recognition of progress-
ive loss of lung function in asthmatic subjects has led to a renewed
interest in the role of resident airway cells in persistent
inflammation.

The airway epithelium is both a target and contributor of
persistent inflammatory airway changes in asthmatic subjects.37

Histologic evaluation of airways in asthmatic subjects, particu-
larly those with more severe disease, reveals injury to epithelium
and often a loss of these cells. Epithelial cells are also a rich
source of inflammatory mediators and growth factors. In addition,
airway smooth muscle often shows hypertrophic and hyperplastic
changes in subjects with persistent severe asthma. Moreover, the
airway smooth muscle can be a source of both inflammatory cy-
tokines and growth factors.38

There are other airway cells involved in asthma histopathology,
including mucous glands and blood vessels. In subjects with
asthma, mucous glands hypertrophy occurs. Activation of these
cells leads to the release of mucus to occlude airways and, in
severe exacerbations, to become the principal cause for resistance
to treatment. Many factors generated in asthma (ie, vascular
endothelial growth factor) can act on airway vessels to cause
proliferation and, as a process, narrow the airways.

Understanding that heterogeneity exists in the pattern of airway
inflammation and the likely molecular factors regulating these
processes explains why current therapy is not effective in all
subjects with asthma. As the phenotypic features of asthma unfold
and with them a recognition of the associated cellular and
molecular events, a more specific approach to treatment will
follow accompanied by improved control of disease.
Risk factors
Risk factors in relationship to asthma have been evaluated in the

context of disease inception (eg, viral infections1,2,39), environ-
mental exposures (eg, aeroallergens,40 pollution,41-43 and tobacco
smoke)44-47 and lifestyle (eg, living on a farm,48 diet,49 and
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antibiotic use50), comorbid conditions (eg, atopic dermatitis51 and
obesity52), and occupational exposures,3 among others, as well as
disease severity (as defined by the risk domain, which is discussed
subsequently; hospitalizations,53,54 frequency and severity of ex-
acerbations,55 and loss of lung function8,56). Genetic factors also
contribute significantly to disease expression and severity. Asthma
is genetically classified as a complex disorder; as such, it does not
follow simple Mendelian inheritance characteristics. Hundreds of
genetic association studies on asthma-related phenotypes have
been conducted in different populations; these have been recently
reviewed.57 Although the importance of gene-environment
interactions in the expression of disease has recently been high-
lighted,58 the complexities involved in analyzing these relation-
ships from a functional perspective have proved challenging.59

Recent pharmacogenetic evaluations in relationship to chronic
b-agonist use60 and corticosteroid efficacy have provided new in-
sights into the variability of response in asthmatic patients.
Exacerbating factors
Allergens. Allergen exposure is important in host allergic

sensitization and as a common precipitant of asthmatic symptoms
in both children and adults. The formation of antigen-specific IgE
antibody to aeroallergens (eg, mites, trees, grasses, and animal
dander)—the development of allergic sensitization but not nec-
essarily of allergic disease—does not usually occur until 2 to 3
years of life. Thus aeroallergen-induced asthma is uncommon
during the first year of life, begins to increase in prevalence during
later childhood and adolescence, and peaks in the second decade
of life. Once established in genetically predisposed individuals,
IgE-mediated reactions are a major contributor both to acute
asthmatic symptoms and chronic airway inflammation. Chronic
low-level exposure to indoor allergens, dust mite and cockroach
in particular, might play a major role in both asthma inception and
subsequent provocation of symptoms.61 Although a wide variety
of inhaled allergens can provoke asthma symptoms, sensitization
to house dust mite,62 cockroach,63Alternaria species,64 and possi-
bly cat40 are important in the pathogenesis of asthma. Dog, but not
cat, ownership during infancy has been shown to reduce the sub-
sequent development of allergic sensitization and atopic dermati-
tis65; numbers of pets and not the type of furred pet might also
reduce future risk.66 These diverse findings indicate that these re-
lationships are indeed complex and might involve gene-environ-
ment interactions. Pollen immunotherapy in school-aged children
with only allergic rhinitis at the start of treatment has been dem-
onstrated to reduce significantly the subsequent risk of the devel-
opment of airway hyperresponsiveness and asthma.67

Infections. Respiratory tract infections caused by viru-
ses,1,68,69Chlamydia species,70 and Mycoplasma species70 have
been implicated in the pathogenesis of asthma. Of these respira-
tory pathogens, viruses have been demonstrated to be epidemio-
logically associated with asthma in at least 3 ways.

First, during infancy, certain viruses have been implicated as
potentially being responsible for the inception of the asthmatic
phenotype. The viruses most convincingly demonstrated in this
regard have been rhinovirus and respiratory syncytial virus
(RSV).1,2 The propensity to respond to these infections differ-
ently in persons destined to have asthma might be due to aberra-
tions in innate immune responses, epithelial cell barrier
alterations that enhance viral replication, and potentially in-
creased virulence of pathogenic viral strains. However, because
nearly every child has been infected at least once with this virus
by 2 years of age, additional genetic, environmental, or develop-
mental factors must contribute to the propensity of RSV to be ep-
idemiologically linked with childhood asthma.

Second, in patients with established asthma, particularly
children, viral upper respiratory tract infections play a significant
role in producing acute exacerbations of airway obstruction that
might result in frequent outpatient visits or hospitalizations.1,71

Rhinovirus, the common cold virus, is the most frequent cause
of exacerbations, but other viruses, including parainfluenza,
RSV, influenza, and coronavirus, also have been implicated, albeit
to a lesser extent. The increased tendency for viral infections to
produce lower airway symptoms in asthmatic subjects might be
related, at least in part, to interactions among allergic sensitiza-
tion, allergen exposure, and viral infections acting as cofactors
in the induction of acute episodes of airflow obstruction.72,73 Ab-
normalities in the innate immune response that would prevent vi-
ral replication in airway epithelial cells from asthmatic subjects
have recently been demonstrated.68

Third, and paradoxically, infections have been considered to
have the potential of actually preventing the development of
allergic respiratory tract diseases, including asthma. Interest in
this area increased after the advancement of the hygiene hypoth-
esis,74 which proposed that increasing family size coincident with
an increased number of infections might protect against these de-
velopments. Based on a progressively broader interpretation of
this initial hypothesis,75 a number of other epidemiologic (eg, liv-
ing on a farm76 and early pathologic bacterial colonization of the
airway77) and biologic (eg, probiotics78) factors have been evalu-
ated regarding their ability to influence the development of aller-
gic sensitization, asthma, or both.

For infections with other microbial agents, recent attention
has focused on Chlamydia and Mycoplasma species as potential
contributors to both exacerbations and the severity of chronic
asthma in terms of loss of lung function or medication require-
ments.70 Finally, infections involving the upper airways (ie, si-
nusitis) have been considered to contribute to asthma control
instability, evoking the concept of a unified airway in relation-
ship to inflammatory responses and alterations in airway
physiology.

Exercise. Exercise is one of the more common precipitants of
airway obstruction in asthmatic subjects.79 The symptoms of ex-
ercise-induced bronchospasm (EIB) can include any or all of the
following: wheezing, coughing, and shortness of breath and, in
children, chest pain or discomfort. The symptoms are most in-
tense for 5 to 10 minutes and usually resolve within 15 to 30 min-
utes after exercise cessation. Under most circumstances, the
degree of bronchoconstriction is rarely severe enough to be life-
threatening, and such a situation almost invariably reflects
advanced untreated disease, confounding triggering factors (ie,
concomitant allergen or irritant exposure), or both. Objective doc-
umentation of airflow obstruction after an exercise challenge test
(�15% decrease in FEV1; �10% if symptoms accompany the
decrease in FEV1)79 or a convincing history with an appropriate
response to prophylactic or rescue medication is required to
make the diagnosis of EIB. Exercise challenge testing, particu-
larly in elite athletes,80 must be of sufficient intensity and duration
to be able to accurately diagnose the condition, keeping in mind
that such confounding problems as vocal cord dysfunction might
need to be considered in the differential diagnosis.81 The patho-
physiology of EIB can involve exaggerated responses to heat
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and water loss and the release of inflammatory mediators as a con-
sequence of these thermodynamic alterations.82

Nonsteroidal anti-inflammatory drugs. Approximately
5% to 10% of adult asthmatic patients will have an acute
worsening of symptoms to nonsteroidal anti-inflammatory drugs
(NSAIDs).83 The aspirin triad, asthma, nasal polyps, and aspirin
sensitivity, is usually found in adult asthmatic patients. The re-
sponse to aspirin or other NSAIDs begins within an hour of aspi-
rin ingestion and is associated with profound rhinorrhea, eye
lacrimation, and, potentially, severe bronchospasm. Patients sen-
sitive to aspirin usually are reactive to all other NSAIDs, and var-
iations in the frequency and severity of adverse responses appear
to depend on the potency of each drug within this class of com-
pounds to inhibit the activity of the COX-1 enzyme.83

The sensitivity to NSAIDs is not IgE mediated but involves the
modulation of eicosanoid production. It has been suggested that
NSAIDs act by reducing the formation of prostaglandins, which
help maintain normal airway function, while increasing the
formation of asthma-provoking eicosanoids, including hydrox-
yeicosatetraenoic acids and large quantities of cysteinyl leuko-
trienes.83 In addition, there is evidence that mast cell activation
occurs, and its mediators can be detected in nasal secretions dur-
ing an episode of aspirin-induced asthma.84 This syndrome
should be of concern in any asthmatic subject with nasal polypo-
sis, chronic sinusitis, and eosinophilia, although the polyposis and
sinusitis might precede the onset of recognized NSAID sensitivity
by years.

Aspirin desensitization is available for the aspirin-sensitive
patient who might need anti-inflammatory treatment or for use in
patients with ischemic heart disease. In patients with aspirin-
induced asthma, desensitization with aspirin has proved benefi-
cial in improved asthma control, as well as improved sense of
smell, reduced purulent sinus infections, and need for further
polyp surgery.85,86

Gastroesophageal reflux. The true incidence of gastroe-
sophageal reflux disease (GERD) in asthmatic subjects and as a
causative factor in disease severity has yet to be established.
However, it has been estimated that as many as 45% to 65% of
adults and children with asthma have GERD. The mechanisms by
which GERD affects asthma are also not established but might
include microaspiration or irritation of the esophagus with reflux
bronchospasm. Although often asymptomatic in its presentation,
many patients have nighttime exacerbations or difficult-to-control
symptoms. Confirmation of the importance of GERD to asthma
often requires endoscopy and 24-hour monitoring of intraeso-
phageal pH levels with concomitant measures of peak expiratory
flow rates.

A number of clinical trials have begun to evaluate the effect of
suppressing acid reflux on asthma symptoms. A systematic
review of 12 small trials of proton-pump inhibitors used in
asthma showed an improvement in asthma-related outcomes, but
many studies had design flaws and variability in their outcomes.87

In one study with patients experiencing nocturnal symptoms and
symptomatic gastroesophageal reflux, comparisons were made
between placebo and 40 mg of esomeprazole twice daily.88 Im-
provements in peak flow were noted but not in FEV1, rescue in-
haler use, or nocturnal awakenings. Finally, the American Lung
Association–Asthma Clinical Research Center evaluated 40 mg
of esomeprazole twice daily versus placebo in subjects who
were asymptomatic for acid reflux disease but had documented
acid reflux in 40% of the subjects. Proton-pump inhibitors had
no significant effect on a variety of asthma outcomes.89 These
studies suggest that treatment of acid reflux is beneficial, but im-
provement in symptoms from this condition had no effect on
asthma outcomes.

Psychosocial factors. The role of psychosocial factors, or
‘‘stress,’’ has undergone an important re-evaluation both in terms
of a disease risk factor and a concomitant component of
severity. Evidence has shown that parental stress is a risk factor
for asthma expression in some children.90 The mechanisms by
which this occurs have not been defined but might include the
promotion of allergic inflammation. For example, Liu et al91

found stress from final examinations to enhance eosinophil re-
cruitment to the airway after an antigen inhalation challenge.
Chen et al92 evaluated the influence of socioeconomic status,
which they related to stress, on cytokine generation. With pe-
ripheral blood cells from asthmatic subjects but not healthy con-
trol subjects, lower socioeconomic status was associated with
greater generation of the proinflammatory cytokines IL-5 and
IL-13. These data are a further indication that stress can, in asth-
matic subjects, promote an inflammatory profile. Recent work
has also demonstrated dose-response–type relationships be-
tween panic and asthma and bidirectional longitudinal associa-
tions between the 2 conditions.93
DISEASE PROGRESSION, PREVENTION, AND

TREATMENT
Although a number of research groups are investigating

strategies aimed at asthma prevention,94,95 this goal has not yet
been achieved. Therefore therapy at present is directed primarily
at achieving optimal control while attempting to minimize both
short- and long-term side effects from any therapeutic interven-
tion. Asthma control is defined by an understanding of the pa-
tient’s asthma severity, which can be viewed in 2 domains:
impairment and risk. Impairment is an evaluation of the concur-
rent degree of control in achieving the following: minimal (or
none) chronic symptoms, including nocturnal awakenings caused
by asthma; minimal (or none) need for acute rescue therapy, such
as inhaled b2-agonists; establishment of a normal lifestyle with no
limitations on activities, including exercise; and normalization of
pulmonary function. The risk domain includes criteria that deal
with future events that the treatment program should either pre-
vent or reduce to the greatest extent possible: reduction (or elim-
ination of) in the frequency and severity of asthma exacerbations;
minimal or no loss of lung function over time (considered to be a
potential consequence of airway remodeling); and minimal or no
adverse effects from medications.

The initial selection of pharmacologic treatment is determined
based on the age of the patient and the severity of his or her asthma
at the time of evaluation. Because asthma is a variable but chronic
disease (or syndrome), specific treatment will need to be adjusted
both acutely, or during exacerbations, and chronically in the
context of eliminating or reducing both impairment and risk
because they dynamically fluctuate over time to achieve accept-
able control. a stepwise approach has been adapted for treatment
to accomplish these goals (http://www.nhlbi.nih.gov/guidelines/
asthma/asthgdln.htm).4 The basis of the stepwise approach is to
increase the number, frequency, and dose of medications with in-
creasing asthma severity until the patient’s disease has been put
under ‘‘control’’ (ie, achieving optimal control for that patient).
Once control has been established, step-down therapy can be

http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.htm
http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.htm
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attempted to minimize medication burden, when possible. Re-
cently, the concept of response to therapy has also received in-
creasing attention. Responsiveness is the ease with which
asthma control is achieved by therapy. Responsiveness to an
asthma treatment is highly variable, and it is likely that both ge-
netic and phenotypic characteristics contribute to this intrapatient
and interpatient variability in response over time.96,97

In the last few years, a number of published clinical trials with
new therapeutic agents or novel treatment strategies are notewor-
thy based on their potential effect in initiating or adjusting
medication based on this stepwise severity scheme. The first set of
trials pertains to the treatment of preschool wheezing children.
One trial98 evaluated continuous ICS treatment (2 years receiving
therapy with an ICS and the third year receiving as-needed med-
ication, which served as the observation year) in children who had
a positive asthma predictive index (API). Children with positive
APIs in the first 3 years of life have about a 65% chance of having
clinically diagnosed asthma by age 6 years. During the 2 years of
treatment with a low-dose ICS (fluticasone, 88 mg twice daily)
compared with matching placebo, treated children had signifi-
cantly greater numbers of episode-free days and reduced exacer-
bations requiring oral steroid treatment. However, after
discontinuation of the ICS treatment at the beginning of the obser-
vation period, episode-free days were no different than in the pla-
cebo group within about 3 months. Reduced airway resistance in
the ICS group at the end of the treatment period was no longer ev-
ident at the end of the observation period. Thus early recognition
and treatment of high-risk children can reduce symptom burden
while receiving therapy but does not appear to alter the natural
history of asthma.98 Similar negative results were seen when in-
termittent ICS therapy was prescribed.99 Intermittent therapy
with either an ICS or montelukast at the onset of respiratory tract
symptoms was able to reduce symptom burden during these ill-
nesses; however, these beneficial effects were only seen in chil-
dren with positive APIs.100 In a third study in preschool-aged
children with moderate-to-severe, presumed virus-induced
wheezing, pre-emptive treatment with high-dose fluticasone
(750 mg twice daily at the start of upper respiratory tract symp-
toms) compared with placebo reduced the use of rescue oral cor-
ticosteroids. However, treatment with fluticasone was associated
with a smaller gain in height and weight.101 Finally, in preschool
children presenting to a hospital with mild-to-moderate wheezing
associated with a presumed viral infection, oral prednisolone was
not superior to placebo in reducing the duration of the hospital
stay.102 These disparate results in this age group might relate to
host (eg, presence or absence of atopy103), viral (cause/pathoge-
nicity of viral infection, such as rhinovirus vs RSV104), or both
factors that confer differential responses to these types of inter-
ventions. More studies are obviously needed before precise rec-
ommendations can be made in this age group.

The second set of trials pertains to the use of long-acting
b-agonists (LABAs) in combination with ICSs for the treatment of
persistent asthma. Although a number of clinical trials have
demonstrated both safety and efficacy in terms of asthma control
in both the impairment and risk domains,105 concern has been
raised about the potential for adverse outcomes in a small number
of patients with the use of LABAs.106 Recent continued review of
the available data has re-emphasized these potential safety issues
in both children and adults.107 Unfortunately, the possible mech-
anisms underlying these rare events are unknown. Moreover, the
numbers of patients needed to be prospectively evaluated to
ascertain the precise risks involved might be too large to realisti-
cally enroll.108 Overall, however, the benefits of combination ther-
apy appear to outweigh the risks in the majority of patients.
Monotherapy with LABAs in asthmatic subjects should not be
prescribed.
SUMMARY
Asthma is a complex genetic disorder that is characterized by

airway inflammation and reversible airflow obstruction. It is
further distinguished by multiple phenotypes that might differ
based on age of onset, triggering factors, and patterns of severity
both during acute exacerbations and on a more chronic basis, as
reflected by variably reversible loss of lung function. As a result of
this clinical heterogeneity, treatment approaches need to be
individualized and modified to obtain and maintain adequate
symptom and disease control over time. Although current therapy
is targeted at the development of secondary and tertiary preven-
tion strategies, ongoing research is evaluating the prospects of
primary prevention as well.
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