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ABSTRACT: A possible link between allergic rhinitis
(AR) and allergic asthma has long been a subject of
debate. Surveys report that up to 78% of asthma patients
have AR and 38% of patients with AR have asthma.
Evidence points to a causal or coincidental relation
between these upper and lower airway diseases. Various
agents used to manage one entity have shown benefit in
treating the other. The 2001 Allergic Rhinitis and Its
Impact on Asthma guidelines call for patients with either
condition to be assessed for the other. Medical therapy
for AR or asthma should be chosen with awareness of

A llergic rhinitis (AR) and asthma are among the

ost common chronic respiratory diseases in
the industrialized world, and their incidence is on
the rise. By conservative estimate, AR affects from
10% to 25% of the world’s population.® This disease
is estimated to affect about 15 million Americans.2
AR and asthma frequently coexist in the same pa-
tient, and this association is important both clini-
cally and economically. A report by the American
Academy of Allergy, Asthma, and Immunology esti-
mates that 38% of AR patients have asthma and
that up to 78% of asthma patients have rhinitis
symptoms, based on various assessment instru-
ments.2 Using a standardized questionnaire in a
study of 478 patients, Busse et al3 found that 99% of
the adults and 93% of the adolescents with asthma
reported concomitant rhinitis.

Together, these disorders represent an enormous
burden on the patient, the health care system, and
the overall economy, in terms of both direct medical
costs and lost productivity caused by absenteeism
and impaired function at work and in school. In
1998, medical costs for asthma accounted for an
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the probable coexistence of these diseases. We
present the case for and against the united airway
theory proposed to explain the association between
these diseases. The roles of various therapies for du-
ally afflicted patients are evaluated, including topical
corticosteroids, antihistamines, leukotriene modifiers,
anti-immunoglobulin E monoclonal antibody, theoph-
ylline, and immunotherapy. KEY INDEXING TERMS:
Allergic rhinitis; Asthma; Allergies; Allergic rhinitis—
asthma link. [Am J Med Sci 2004;327(3):127-138.]

estimated $12.7 billion in the United States, and AR
costs contributed another $1.2 billion.* These figures
primarily represent direct medical costs; in the case
of AR, they do not reflect the substantial additional
expenditures for over-the-counter medications and
supplements as well as increased absenteeism. In
patients with both asthma and AR, the costs in-
crease substantially; Yawn et al®> demonstrated that
in a population-based asthma cohort, annual medi-
cal expenses were on average 46% higher in those
who also had AR compared with persons who had
asthma alone.

Several lines of epidemiologic, genetic, and patho-
physiologic evidence point to either a causal or coin-
cidental relation between AR and asthma. More-
over, various pharmacotherapeutic approaches used
to manage one entity have benefited the other. For
these reasons, the 2001 Allergic Rhinitis and Its
Impact on Asthma (ARIA) guidelines,! developed in
collaboration with the World Health Organization
(WHO), call for asthma assessment in all patients
with persistent AR and, conversely, for AR assess-
ment in all persons with asthma (Table 1). Simi-
larly, the choice of optimal medical therapy for pa-
tients with AR should consider the potential effect
on coexistent asthma, and asthma therapy should be
selected with an awareness of the probability of
concomitant AR.

Epidemiology and Risk Factors

Observations regarding the similarity of disease
responses in the nose and lungs were made centu-
ries ago, around the time of Galen. Numerous epi-
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Table 1. ARIA Recommendations Regarding the Interrelation
of Allergic Rhinitis and Asthma

® Allergic rhinitis is considered to be a major chronic
respiratory disease because of its
—prevalence
—impact on quality of life
—impact on work/school performance and productivity
—economic burden
—links with asthma

® Allergic rhinitis should be considered a risk factor for asthma
along with other known risk factors

® Patients with persistent allergic rhinitis should be evaluated
for asthma by history, chest examination and, if possible and
when necessary, the assessment of airflow obstruction before
and after bronchodilator

® Patients with asthma should be appropriately evaluated for
rhinitis (history and physical examination)

® A combined strategy should ideally be used to treat the
upper and lower airway diseases in terms of efficacy and
safety

Adapted from reference 1.

demiologic studies have now provided scientific sup-
port for an asthma-AR link in different populations
and age groups. In the Tucson Children’s Respira-
tory Study,® children diagnosed with AR at age 1
year had a higher incidence of asthma by 6 years,
along with greater respiratory symptoms and use of
medications. A diagnosis of AR was associated with
twice the likelihood of developing asthma by age 11.
These findings were interpreted to indicate that
early atopic sensitization, evidenced by AR or food
allergies, is a powerful risk factor for the develop-
ment of childhood asthma. An Australian study sim-
ilarly found that atopy acquired before the age of 6
years was associated with development of childhood
or adolescent asthma, whereas the later acquisition
of atopy was associated with AR but not asthma.”

The AR-Asthma Association in the United States and
Other Countries

In 1961, researchers evaluated and skin-tested
approximately 700 first-year students at Brown
University who had no previous history of bronchial
asthma. Results of a 23-year follow-up indicated
that those students who had shown evidence of AR
in 1961 were 3 times more likely to have developed
asthma in that period, compared with those who did
not have AR.2 A survey of 6563 residents of Tecum-
seh, Michigan, in 1974 showed that new diagnoses of
AR or allergic asthma were 2- to 4-fold greater in
persons who already had 1 of the 2 diseases.? French
investigators polled 20,000 households regarding
symptoms of perennial rhinitis; almost 17,000 re-
sponded.1® Perennial rhinitis, defined as at least 6
months of continuous symptoms, was reported in
4.1% of responses. Analysis of a cross-sectional
group of 1367 responders with perennial rhinitis
found that 13.4% also reported symptoms of asthma
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compared with 3.8% who did not, for a highly sta-
tistically significant odds ratio (OR) of 3.26. In 1999,
Leynaert et alll analyzed data from the European
Community Respiratory Health Survey (ECRHS) to
assess the association between asthma and peren-
nial allergic rhinitis in patients aged 18 to 44 years.
After adjustment for sex, age, smoking, family his-
tory, and geography, asthma was shown to be sig-
nificantly associated with rhinitis in both atopic
subjects (OR, 8.1) and nonatopic subjects (OR, 11.6).

Family History as a Predictor

Family history has also been shown to play an
important predictive role. Results of a study in
northern Sweden indicated that adults with a family
history of asthma or rhinitis had a 3- to 4-fold
increased risk for developing asthma and a 2- to
6-fold increased risk for developing AR compared
with adults with no such family history.2 A recent
report by Illi et al® and the German Multicenter
Allergy Study (MAS) group found that a history of
maternal asthma or maternal smoking were power-
ful predictors of childhood asthma, even more pow-
erful than early atopic sensitization and AR. The
investigators followed 1314 children from birth to 7
years by the frequent administration of parental
questionnaires regarding asthma symptoms, yearly
specific in vitro testing for food and inhalant aller-
gens, and, at age 7, administration of bronchial
histamine challenge. They found that children with
atopic asthma at the age of 7 years were signifi-
cantly more likely to have exhibited early sensitiza-
tion to food or inhalant allergens before 1 year of age
compared with nonasthmatic children. Only those
sensitized to any allergen by 1 year of age, and
sensitized by 7 years to inhalant allergens, were at a
significantly increased risk of developing asthma by
age 7. Considering these persistently sensitized chil-
dren, only those with a family history—especially a
maternal history—of asthma or of maternal smok-
ing showed a significantly increased risk for asthma.

These findings support the concept that a specific
genetic and/or environmental “lung factor” may de-
termine whether a patient will develop asthma in-
dependent of allergic sensitization or will develop
asthma in parallel.’* The MAS authors suggest that
this predisposition to asthma precedes—and may
actually determine—the pattern of allergic sensitiza-
tion, contrary to the view that asthma results from a
sequential progression of atopic sensitization begin-
ning in childhood with early food allergy and AR.13

Pathophysiology of Allergic Diseases

There are important similarities and differences
in the pathophysiology of AR and asthma, beginning
with the idea that both involve a common mecha-
nism. The Th2 paradigm of inflammation is systemic,
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Table 2. Pathophysiologic Similarities and Differences between Allergic Rhinitis and Asthma

Characteristic

Similarities

Differences

Mechanism

Airway structure

Both seem to be manifestations of a systemic
immunologic disorder that produces
inflammation in differing organs

Mucosa, epithelium, cilia

Airway size, geometry, blood supply,

Key triggering events
allergen

Interaction of neurogenic and inflammatory

pathways
Key immune/inflammatory components
eosinophils
Acute effect on airway
(especially in AR)

Late-phase response

T lymphocytes, Th2 cytokines, mast cells,

Obstruction, inflammation, mucosal edema

4-8 hours after acute episode; airway hyper-

effect on smooth muscle, protection
against airborne allergens or
irritants

IgE-mediated sensitization to inhaled

Role of neurotransmitters; In asthma,
muscarinic receptor subtypes
In late-phase AR response: basophils

In asthma, smooth muscle
contraction; in AR, vasodilation,
edema, exudation

In AR, influx of basophils

responsiveness; eosinophil influx

Chronic effect on airway

Inflammation with eosinophilia

In asthma, airway remodeling,
smooth muscle hyperplasia and
hypertrophy, epithelial shedding,
thickening of subbasement
membrane

IgE, immunoglobulin E. Adapted from reference 15.

not organ-specific. The association between AR
and allergic asthma probably results from a com-
mon alteration of the immune system that tips the
balance of T-helper cell responses in favor of the
Th2 pattern of proinflammatory cytokine activi-
tyl4.15 (Table 2).

Similarities

The similarities in the pathophysiology of AR and
allergic asthma outweigh the differences. Identical
stimuli such as inhaled allergens and irritants affect
both upper and lower respiratory tracts in a similar
fashion. These allergic diseases involve many ele-
ments of a systemic disease in that effector cells are
recruited from the circulation, white cell progenitors
are stimulated in the bone marrow, and systemic
effector cells are primed.1617 Exposing the lower
airways of animals to the allergen causes the white
cell progenitors in the bone marrow to proliferate
and differentiate, which in turn leads to persistent
increases in the number of eosinophils in the lung,
suggesting that—after allergen exposure—signaling
takes place between the lung and bone marrow. The
pathways involved include interleukin (IL)-5, fur-
ther reinforcing the idea of a common mechanism in
allergic disease.l” IL-5 is one of several cytokines
important in Th2-driven allergic responses in the
respiratory tract.

Inflammation with marked infiltration of eosino-
phils into the affected tissues is a common finding of
AR and allergic asthma. Allergic inflammation can
be thought of as a systemic immunologic response
that is manifested in specific organ systems such as

THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES

the upper respiratory tract (AR), the lungs (asthma),
the gastrointestinal tract (gastroenteritis), and the
skin (atopic dermatitis).1?

Responses in the Airways. In both AR and
allergic asthma, the disease process begins with
atopic sensitization and generation of allergen-spe-
cific IgE in response to airborne allergens settling on
the airway surface. Antigenic fragments of the aller-
gens are presented to T-helper cells, which release
cytokines that induce allergen-specific IgE antibody
production by B lymphocytes and plasma cells.
These allergen-specific IgE antibodies then bind to
the surface of mast cells and basophils present in the
mucosa of both the upper and lower airways. Upon
re-exposure to the airborne allergen, antigenic bind-
ing to the cell-surface specific IgE activates the mast
cells and basophils, resulting in degranulation and
release of inflammatory mediators, including hista-
mine, cysteinyl leukotrienes (LTC,, LTD,, LTE,),
and various proteases and cytokines. These media-
tors, in turn, trigger vasomotor and glandular re-
sponses in the upper airway and smooth muscle
contraction and mucosal edema in the lower airway,
leading to airway obstruction.14.18

A more prolonged late-phase response occurs ap-
proximately 4 to 8 hours after the initial IgE-medi-
ated reaction to allergen exposure. In the upper and
lower airways, this late response is characterized by
obstruction (eg, nasal congestion or bronchoconstric-
tion), and by increased hyper-responsiveness to the
same or different allergens or irritants. An influx of
eosinophils and other inflammatory cells marks the
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late-phase response in the airways. Evidence sug-
gests that basophils may also play an important role
in the late phase of AR.

Differences

The nose reduces exposure of the airways to envi-
ronmental allergens and pollutants. Thus, the nasal
mucosa constitutes a critical barrier. The nose is
supplied by a rich and complex microcirculation that
serves multiple functions, including the heating and
humidifying of inspired air and the regulation of
airflow, via vasodilation and vasoconstriction. Sub-
epithelial and glandular capillaries are fenestrated,
allowing the exudation of plasma into the submu-
cosa and providing the necessary fluid for copious
secretions. Inflammation and excessive mucosal se-
cretions then lead to nasal congestion and rhinor-
rhea, the hallmarks of AR.19

The surface area of the lower airway is much
larger than that of the upper airway. Lower airway
patency is mainly controlled by smooth muscle. The
airway smooth muscle cells are themselves secretory
and are therefore part of the autocrine process. In
allergic asthma, the characteristic response is bron-
chial smooth muscle contraction or bronchospasm.
The latter is mediated by various inflammatory and
neurogenic factors, including muscarinic pathways
specific to the lower airway, resulting in reduced
airflow. Other hallmarks of chronic asthma are
structural changes or remodeling of the lower air-
way, which takes the form of epithelial shedding,
sub-basement membrane thickening, and smooth
muscle hypertrophy and hyperplasia. However, in
AR, the epithelium of the nasal mucosa tends to
remain intact, and the degree and clinical impor-
tance of upper airway remodeling are less pro-
nounced than in allergic asthma.2°

Asthma-AR Interaction

Although the nature of the interaction between
allergic asthma and AR remains controversial, the
acute symptoms of AR (sneezing, rhinorrhea, nasal
congestion) frequently precede the onset of asth-
matic coughing and wheezing. Even in patients
without clinically defined allergic asthma, active AR
is associated with increased airway hyper-reactivi-
ty.21 Several hypotheses have been proposed to ex-
plain how AR may aggravate concomitant lower
airway disease (summarized in Table 3).

Adverse Effects of AR on Respiration. One
explanation emphasizes the logistic and mechanical
aspects of respiration. The nose is the primary ac-
cess for airborne allergens, and so it is not surpris-
ing that the upper airway tends to be affected first.
AR is marked by nasal congestion and obstruction,
which may in turn promote mouth breathing. Mouth
breathing bypasses the air-conditioning effect of the
upper airway and leads to a more direct exposure of
the lower airway to cold, dry air and other asthma
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Table 3. Proposed Causes of Asthma Exacerbations Related to
Allergic Rhinitis

® Mouth breathing resulting from nasal obstruction alters the
normal air conditioning and thus adversely affects lower
airway patency
—This theory conforms with clinical observations; supported
by evidence of increased lower airway response to cold air
inhaled orally versus nasally

® Drainage or silent aspiration of inflammatory material from
the nasal pharynx into the lungs
—No clinical evidence; unlikely to occur in conscious humans

® Absorption of upper airway inflammatory mediators into the
systemic circulation, with dissemination to the lungs
—No scientific evidence in humans

® Neurogenic reflex linking upper and lower airways
—No definitive clinical evidence; based on distal airway
response to local provocation and on an increased
understanding of the interaction between neurogenic and
inflammatory pathways in the airway wall

triggers. Mouth breathing also bypasses the nasal mu-
cociliary blanket, which entraps particles and irri-
tants, reducing access to the lower airway. This hy-
pothesis is both practical and intuitive, and is
supported by studies showing that the inhalation of
cold air via mouth breathing has a greater impact on
pulmonary function compared with nose breathing.22

Aspiration/Absorption of Upper Airway Se-
cretions/Inflammatory Substances. It has also
been suggested that inflammatory mediators re-
leased in the nasal pharynx may drain postnasally
to be aspirated into the lower airway. However, this
idea is not supported by the scientific evidence and
seems unlikely to occur in conscious humans.23 In an
animal model, another variation is the absorption of
inflammatory substances from the upper airway
into the systemic circulation, with subsequent dis-
semination to the lungs. Although there is no direct
evidence to support this hypothesis,2¢ Braunstahl et
al?5 observed that nasal allergen provocation in-
creases the number of eosinophils and adhesion mol-
ecules in the bronchial mucosa.

Neurogenic Reflex/Pathway. The concept of
asthma resulting from a nasal reflex was proposed
by Sluder in 1919.26 Since that time, considerable
evidence has been accumulated to support the con-
cept of rhinitis-associated asthma resulting from a
common neurogenic pathway, with upper airway
activation leading directly to reflex-mediated bron-
choconstriction.’* Cold-air nasal provocation has
been shown to produce a reflexive reduction in pul-
monary function, as measured by forced expiratory
volume in 1 second (FEV,).18 Nasal challenge with
histamine has also been shown to produce a signif-
icant decline in FEV,.27 Conversely, bronchial chal-
lenge with histamine increases nasal airflow resis-
tance, suggesting a centrally mediated reflex
affecting both the upper and lower airways.14 Respi-
ratory viral infections often trigger nasal and bron-
chial responses, typically following a pattern of rhi-
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Table 4. Drug Classes Demonstrating Benefit in Both Allergic
Rhinitis and Asthma

® Topical corticosteroids

® Antihistamines®

® Leukotriene modifiers

® Theophylline

® Immunotherapy

® Anti-IgE monoclonal antibody

IgE, immunoglobulin E.

2 This includes antihistamine monotherapy as well as antihista-
mine combinations: antihistamines + decongestants, antihista-
mines + topical corticosteroids, and antihistamines + leukotriene
modifiers.

nitis preceding asthma exacerbation. Increased
production of IL.-11 during rhinovirus infection may
facilitate the effects of neurotransmitters and other
mediators on airway inflammation.28

The airway hyper-responsiveness characteristic of
both asthma and AR is the result of complex inter-
actions of the neurogenic and inflammatory path-
ways. In fact, it can be argued that virtually all
aspects of airway inflammation are influenced by
neurogenic pathways and released neurotransmit-
ters.’> The mucosa, vasculature, and epithelium of
the airways are densely innervated. Action poten-
tials traveling not only centrally but also antidromi-
cally via neural axon reflexes may provoke the re-
lease of neuropeptides.22-31 These neuropeptides
interact with nearby airway cells that regulate glan-
dular secretion, vasodilation, smooth muscle tone,
and possibly cellular recruitment.* They also seem
to interact with proinflammatory cytokines and
other mediators in a cyclic fashion that promotes the
further release of both neuronal and inflammatory
mediators.32

Crossover Benefits of Certain Medical Therapies

The strongest argument for the association be-
tween AR and asthma is that many of the drugs
used primarily to treat one disease have also been
shown to relieve or, in some cases, to prevent symp-
toms of the other (Table 4). The nature and extent of
this crossover benefit have not been precisely deter-
mined, and clinical guidelines have not been estab-
lished for the management of the concomitant dis-
ease. The recommended clinical approach is to
manage the 2 disorders discretely but simulta-
neously. Nevertheless, previous studies, including
some involving immunotherapy and experimental
anti-IgE monoclonal antibody, suggest a systemic
approach to atopic disease, as discussed above.33-39

Two recently published reports point out the pos-
itive health impact of standard, appropriate therapy
for AR in patients with concomitant AR and asthma.
Crystal-Peters et al*® analyzed data from health
insurance claims submitted in 1994 to 1995 by al-
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most 5000 patients, aged 12 to 60 years, with aller-
gic asthma and rhinitis, of whom approximately
73% were treated for AR. The risk of an asthma-
related event, defined as an emergency room (ER)
visit or hospital admission, was about twice as great
in the untreated subjects compared with those who
were being treated for AR; this difference was highly
statistically significant (P = 0.001). Most of the
treated AR patients in this study received oral an-
tihistamines and/or intranasal corticosteroids; the
majority of the treated population—61%—received
both types of agents. An even larger study#! also
analyzed data from health insurance claims in al-
most 14,000 patients with both asthma and upper
airway disease (rhinitis, sinusitis, or otitis media).
This study found that the greatest reduction in ER
visits for asthma occurred in patients receiving the
greatest number of prescriptions for nasal cortico-
steroids. These findings clearly suggest that treat-
ments aimed at symptomatic improvement in the
upper airway may provide important preventive ef-
fects in asthma as well.

The next section summarizes the major classes of
agents with demonstrated benefit in both asthma
and AR, among them topical corticosteroids, antihis-
tamines, leukotriene modifiers, combination thera-
pies, theophylline, immunotherapy, anti-IgE, and
other treatments.

Topical Corticosteroids

For more than a decade, topical corticosteroids
have been the cornerstone of respiratory tract anti-
inflammatory therapy. These agents are the most
effective anti-inflammatory therapy in both allergic
asthma, for which it has been administered by oral
inhalation, and AR, for which it has been adminis-
tered intranasally. The mechanism of action of these
agents has been well described in the literature.2
Topical corticosteroids have been shown to reduce
the infiltration of inflammatory cells in asthma and
AR and to modulate the release and activity of
inflammatory mediators and other critical compo-
nents in both diseases.

Several studies conducted in AR patients have
demonstrated that corticosteroids administered by
the intranasal route, despite their minimal deposi-
tion in the lungs, produce beneficial effects in the
lower airway, ranging from reductions in nonspecific
bronchial hyper-responsiveness to improvements in
pulmonary function scores and in asthma symp-
toms.43-46 For example, Welsh et al*> evaluated the
prophylactic effects in ragweed-sensitive AR of 2
different intranasal corticosteroids, flunisolide and
beclomethasone dipropionate, versus cromolyn so-
dium as well as placebo. A subgroup of AR patients
also had seasonal asthma. The intranasal corticoste-
roids proved more effective than either cromolyn
sodium or placebo in improving rhinitis scores in the
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overall population and in reducing asthma symp-
toms in the subgroup.

Interestingly, the intranasal administration of a
corticosteroid has demonstrated a greater effect on
bronchial responsiveness than a comparable dose of
the corticosteroid given by oral inhalation. Aubier et
al4” compared 400 ug/day beclomethasone dipropi-
onate delivered intranasally and bronchially in pa-
tients with AR but without asthma. After 2 weeks,
those treated intranasally showed marked improve-
ment in bronchial reactivity compared with the oral
inhalant group. Nonetheless, orally inhaled cortico-
steroids improve the symptoms of AR in patients
who are being treated for asthma.?® The results
suggest a systemic anti-inflammatory effect of topi-
cal corticosteroids, regardless of their local adminis-
tration and deposition.48

Antihistamines

Oral antihistamines, administered alone or in
combination with decongestants, are a mainstay of
treatment for AR. Their primary effect is to bind
competitively to H; receptors on the sensory nerves
and vascular tissue of the nose, resulting in a reduc-
tion in rhinorrhea, sneezing, and nasal conges-
tion.15:18 H; receptors are also distributed through-
out the lower airway, and histamine has been
identified as a potentially important mediator in
allergic asthma.4® Numerous other mediators are
involved in asthma, however, which may explain
why antihistamines alone do not exhibit a predom-
inant antiasthmatic effect. Nevertheless, antihista-
mines may be beneficial in asthma by reducing H;-
mediated effects on smooth muscle contraction,
vascular permeability, and nerve activation. In ad-
dition, antihistamines exhibit a range of non-H;-
mediated anti-inflammatory effects, including inhi-
bition of mediator release by mast cells and
basophils, inhibition of the migration of eosinophils
and other inflammatory cells into the airway, and
reduction in inflammatory cell adhesion to the air-
way wall.5® Indeed, antihistamines (administered
orally or topically) generally have been found to
have both antihistaminic and anti-inflammatory
effects.

From a clinical perspective, antihistamines are
effective in relieving AR symptoms, which in turn
tends to lead to better asthma control. As described
above, this clinical impression is supported by sub-
stantial scientific evidence. Several clinical studies
have demonstrated a positive therapeutic effect in
AR and asthma, particularly with the newer low-
sedating antihistamines such as cetirizine, and with
nonsedating antihistamines such as fexofenadine
and loratadine.

Two of the larger multicenter trials evaluated the
response to approved dosages of oral antihistamines
in patients with concomitant AR and asthma.51.52
Grant et al! reported that cetirizine 10 mg admin-
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istered once daily reduced symptoms of seasonal AR
(SAR) and asthma compared with placebo. Corren et
al52 studied a twice-daily combination of 5 mg of
loratadine and 120 mg of pseudoephedrine in pa-
tients with SAR and asthma, and demonstrated that
asthma symptoms, pulmonary function, and asth-
ma-specific quality of life were significantly im-
proved in the treated group compared with control
subjects. Available data suggest that nonsedating
antihistamines (eg, fexofenadine, loratadine, and
desloratadine) can be used safely, without causing
drowsiness, impairing motor coordination, or inter-
fering with cognition in most patients, and can pro-
vide effective adjunctive therapy in patients with
concomitant AR and asthma. Note, however, that
increasing effects of sedation and impairment are
observed with higher-than-recommended dosages of
loratadine and desloratadine—and that relatively
high dosages of antihistamines may be required for
the treatment of asthma. Antihistamines adminis-
tered in combination with decongestants, topical
corticosteroids, or leukotriene modifiers have dem-
onstrated benefits in both diseases.

Leukotriene Modifiers

Leukotrienes are released spontaneously or in re-
sponse to specific challenges in AR and allergic
asthma. These mediators have been associated with
the influx of inflammatory cells and early- and late-
phase airway symptoms in both diseases. Cysteinyl
leukotrienes have demonstrated 3,000 to 10,000
times greater potency than histamine or methacho-
line in inducing bronchoconstriction; they also con-
tribute to mucosal edema, mucus production, and
the recruitment of eosinophils.?3 Accordingly, recent
studies have examined the possible role of leuko-
triene-modifying agents in treating patients with
concomitant AR and asthma.54-56 Several studies
have suggested use of leukotriene modifiers for the
therapy of both diseases. Indeed, montelukast has
recently been approved for the treatment of AR.

Zafirlukast. Phipatanakul et al>* evaluated the
LTD, antagonist, zafirlukast, versus placebo in a
crossover study of 18 patients with asthma and AR
induced by exposure to cat dander. Zafirlukast treat-
ment was associated with a significant lessening in
pulmonary function decline, as assessed by FEV,
and with a significant reduction in nasal congestion,
as assessed by nasal patency. Zafirlukast also was
associated with significantly reduced upper and
lower airway symptom scores in this study. How-
ever, the clinical relevance of these findings is
unclear.

Montelukast. Wilson et al®¢ compared the anti-
asthmatic efficacy of inflammatory mediator block-
ade with montelukast plus cetirizine versus an in-
tranasal corticosteroid. The latter was given by oral
as well as intranasal inhalation. Using a crossover
design, the authors evaluated in single-blind fashion
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the responses of 14 patients with SAR and asthma
who evidenced bronchial hyper-reactivity. Giving
both regimens for 2 weeks showed antiasthmatic
efficacy in terms of the response to challenge with
adenosine monophosphate, exhaled nitric oxide, as
well as spirometric improvement. The patients’
symptoms were significantly improved by both the
montelukast-cetirizine and the topical corticosteroid
regimens, with similar improvement seen with both.

A study with montelukast in asthma by Currie et
al>7 indicated a comparable bronchodilator action of
montelukast and fluticasone in patients with mod-
erate asthma, but fluticasone showed an additional
attenuation of airway inflammation.

A series of studies on the efficacy of montelukast,
loratadine, and placebo in treating patients with
SAR, showed the superiority of each active agent
versus placebo.58-60 The generally favorable efficacy
and safety of montelukast has led to its recent FDA
approval.

A recent review of head-to-head comparator stud-
ies and data from placebo-controlled trials evaluated
the place of leukotriene receptor antagonists in the
treatment of AR.59 Nathan concluded from the study
findings that these agents are sometimes more ef-
fective than placebo, no more effective than nonse-
dating antihistamines, and less effective than intra-
nasal corticosteroids in AR treatment. Of particular
significance to the current discussion, he also con-
cluded that the data do not clearly support a unique
role for leukotriene receptor antagonists in the
treatment of AR, even when asthma is also
present.?® However, a single oral agent that has the
potential to treat both diseases has considerable
appeal. With the approval of montelukast for AR,
substantial information should be forthcoming on
how and where to place this agent for the treatment
of AR with or without asthma.

Combination Therapies

The administration of a leukotriene modifier in
conjunction with an antihistamine may be useful in
managing patients who have both AR and asthma.
Zafirlukast combined with loratadine was found to
be more effective than either agent given alone for
reducing early- and late-phase lower airway ob-
struction in asthmatic patients.?? A combination of
montelukast with loratadine proved superior to ei-
ther agent alone in reducing rhinitis symptoms in
patients with SAR.62 Nevertheless, the crossover
study by Wilson et alé3 comparing a montelukast-
loratadine combination with fexofenadine alone in
treating SAR showed that fexofenadine mono-
therapy was as effective as the montelukast-lorata-
dine combination in relieving nasal blockage, dis-
charge, itching, sneezing, and in improving nasal
peak flow. In a recently published study,5* mono-
therapy with the intranasal corticosteroid flutica-
sone was more effective than either montelukast or
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combined montelukast-antihistamine (loratadine)
therapy for control of nasal symptoms and reduction
of pollen-induced nasal eosinophilic inflammation.

Whether montelukast would confer additive ef-
fects in 22 patients with mild-to-moderate asthma
who were receiving a combination of fluticasone/
salmeterol or fluticasone alone was evaluated in a
placebo-controlled trial. After a 2-week run-in pe-
riod using only fluticasone/salmeterol, montelukast
or placebo was added for the next 3 weeks. Com-
pared with the fluticasone/salmeterol run-in, adding
montelukast to fluticasone/salmeterol was signifi-
cantly better than placebo for inflammatory mark-
ers but not for lung function.57

Theophylline

Theophylline is a prime example of a traditional
asthma drug that was discovered to provide some
benefit in the treatment of AR. Theophylline, a phos-
phodiesterase inhibitor, is typically classified as a
bronchodilator, but it has also been shown to have
relevant anti-inflammatory effects, such as regulat-
ing the mediator release by mast cells and the pro-
duction of eosinophil cationic protein.6566 From a
clinical perspective, theophylline has demonstrated
a protective effect on bronchial hyper-responsive-
ness in patients with AR.56 Aubier and colleagues®>
found that after treating AR patients with slow-
release theophylline or placebo for 3 weeks, the
theophylline-treated group had a reduction in nasal
symptoms, including obstruction, compared with the
placebo-treated subjects. Nevertheless, theophylline
is infrequently used in clinical practice, mainly be-
cause of its unpleasant side effects, its potential for
interaction with other drugs, and its narrow thera-
peutic window.

Immunotherapy

Immunotherapy with a specific allergen is an es-
tablished approach to systemic treatment that has
demonstrated benefits in AR and asthma. A detailed
discussion of the scientific literature, rationale, and
issues related to clinical use of immunotherapy ap-
pear in a WHO Position Paper.3¢ Recent studies
raise the intriguing possibility that specific immu-
notherapy not only is effective in treating selected
patients with AR but that it can also reduce the risk
for asthma development in children with AR. For
example, the Preventive Asthma Treatment (PAT)
study results indicated that a 3-year course of spe-
cific immunotherapy significantly reduces the num-
ber of schoolchildren aged 6 to 14 years who progress
from hay fever to asthma over that time.3> Data thus
support the idea that specific immunotherapy can
prevent the development of asthma in children with
SAR.

Des Roches et al?¢ conducted a prospective, case-
control study of 44 asthmatic children younger than
6 years of age whose only allergic sensitivity was to
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house dust mites. After 3 years, 10 of the 22 children
who received specific immunotherapy did not de-
velop any new sensitivities, compared with 0 of the
22 control subjects, a significant difference (P =
0.001). The authors concluded that immunotherapy
altered the natural course of allergy in this patient
population.

Researchers in Italy and the United Kingdom
compared the response to immunotherapy with that
of placebo administration in 44 adults with AR
(mean age, 19 years). These persons initially showed
sensitivity to house dust mites and bronchial hyper-
responsiveness to methacholine challenge.37 After 2
years of immunotherapy, bronchial hyper-respon-
siveness, assessed by the dosage of methacholine
required to produce a 20% decrease in FEV,, was
significantly reduced in the patients receiving im-
munotherapy compared with placebo. The FEV; was
within the normal range in 50% of the subjects so
treated. Over the course of the study, 9% of the
placebo group developed asthma, whereas none of
the subjects receiving immunotherapy did. The in-
vestigators noted that specific immunotherapy may
provide effective prophylaxis for AR patients with
hyper-reactive airways. Such findings may encour-
age investigators to explore the possible role of im-
munotherapy in asthma prevention in patients with
AR, especially young children.

Anti-IgE and Other Experimental Therapies

Another systemic therapeutic approach currently
under development for AR and asthma involves the
use of anti-IgE monoclonal antibody (omali-
zumab).38 Given the critical role played by IgE in
atopic sensitization and responses in the upper and
lower airways, specific antibodies that would inhibit
IgE present a logical target for drug development.
By binding to and decreasing serum levels of free
IgE, these antibodies would reduce the amount of
antigen-specific IgE available to sensitize mast cells
and basophils. The result, ideally, would be de-
creased mediator release and reduced symptoms.

The effect of omalizumab on moderate-to-severe
SAR was studied in a randomized, double blind,
placebo-controlled trial (n = 536; ages 12—75 years).
After 12 weeks, nasal symptom scores were signifi-
cantly lower in the omalizumab-treated (300 mg/
day) subjects than in the control subjects. Quality of
life also improved significantly. Adverse events were
similar in treatment and placebo groups.33

A placebo-controlled, double-blind study of severe
allergic asthma patients (n = 525) demonstrated
that when added to standard asthma therapy, oma-
lizumab significantly reduces asthma exacerbations
and decreases inhaled corticosteroid and rescue
medication use.6? A follow-up study with this severe
asthma cohort showed that the improvement in
asthma control with add-on omalizumab therapy is
paralleled by clinically meaningful improvements in
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asthma-related quality of life.8 This effect of oma-
lizumab on quality of life has been confirmed in
children as well.6® A combined analysis of 3 recent
studies (1071 adolescents and adults, 334 children)
concluded that omalizumab reduces the rate of seri-
ous asthma exacerbations, unscheduled outpatient
visits, ER visits, and hospitalizations in patients
with moderate-to-severe asthma.”

Numerous other novel therapies for the treatment
and prevention of AR and asthma are under devel-
opment, with an emphasis on systemic immuno-
modulating and/or anti-inflammatory effects. These
include agents that prevent T-cell activation, those
that prevent or reverse Th2- mediated effects, and
others that inhibit downstream mediators of inflam-
mation or of eosinophil migration and activation.3°

Case Study

The following case illustrates the current ap-
proach to management of concurrent mild persistent
asthma and AR. A 13-year-old girl presented in the
physician’s office complaining of tightness in the
chest that occured 3 or 4 times a week and that
awakened her at night about 7 to 8 times a month.
These symptoms became troublesome a few months
before presentation. There was a clear rhinorrhea
with nasal congestion and bouts of sneezing. The
patient breathed through her mouth, and a trail of
tissues marked her progress through the office and
examining room.

Physical examination showed a nasal crease as
well as dark circles under the eyes, both signs of
chronic nasal/sinus disease. Examination of the nose
showed a pale, boggy nasal mucosa bilaterally with
clear rhinorrhea, but no signs of infection or polyps,
and chest examination revealed very faint expira-
tory wheezes bilaterally. Spirometric (FEV,) values
obtained without a bronchodilator were 80% of those
predicted. Fifteen minutes after the administration
of an inhaled bronchodilator, the values improved to
100% of the predicted value, an absolute increase of
>12% and 200 mL.

Questioning revealed that this patient shared her
bed with a devoted spaniel. The patient was diag-
nosed as having mild persistent allergic asthma and
perennial rhinitis’* and was referred to an allergist
for skin testing to determine the allergen or aller-
gens responsible. The goal of therapy was to mini-
mize with rapidity the number and severity of the
chronic asthmatic symptoms, as well as to relieve
the rhinorrhea and other signs/symptoms of AR.

A stepwise approach to therapy is recommended
to relieve the asthma symptoms rapidly and to
maintain their control.”! An inhaled corticosteroid
was prescribed for the asthma, and a nonsedating
antihistamine was given for the rhinitis. On her
return visit after 2 weeks, the FEV, improved to
about 95% of predicted, and the nasal symptoms
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were diminished markedly. The patient also seemed
markedly brighter and seemed more comfortable,
with no “tissue trail” evident. She said she could now
sleep through the night without nighttime asthma
symptoms, even though she still shared her bed with
her pet. The allergist’s report is awaited.

Comment

If allergy to dog dander proves to be responsible
for the patient’s symptoms, excluding the pet from
the bedroom is a compromise solution, because it is
likely that the patient will still have significant
exposure to the dog unless it is removed from the
home. Frequently bathing and brushing the dog (by
someone other than the patient) may help to reduce
the amount of dander indoors, but controlled studies
have not consistently demonstrated that this will
produce significant clinical improvement. If the dog
remains, it may be worthwhile to invest in a high-
efficiency particulate air (HEPA) cleaner, which has
been shown to significantly reduce airborne dog dan-
der allergen. A HEPA filter, along with preventing
access by the dog to the bedroom and, if possible, the
living room, may reduce total inhaled allergen
load.”2

Although immunotherapy might be an option if
there were a poor response to medications (not seen
in this patient), immunotherapy for dog allergen is
not as effective as that for other common aeroaller-
gens such as pollen, mold spores, other pet dander,
and dust mite residues. However, if the patient has
several other clinical sensitivities identified by his-
tory and skin testing, this may be a good option after
first implementing environmental control measures.
The nasal inflammation typical of AR may have
contributed to hyper-responsiveness of the lower
airways in this case. In addition, mouth breathing
caused by nasal obstruction may have contributed to
bronchospasm from the intake of cool air. Consider-
ing treatment over the long term, the goal is to “step
down” the dosage of the orally inhaled corticosteroid
to the lowest possible level. Although an inhaled
corticosteroid is the preferred treatment for mild
persistent asthma in adults and children over the
age of 5 years, alternative choices are cromolyn, a
leukotriene modifier, nedocromil, or a sustained-
release theophylline preparation.”’? The antihista-
mine may be given in combination with a deconges-
tant for AR if required for symptomatic control. An
intranasal corticosteroid is another option for rhini-
tis treatment and would be recommended for more
severe rhinitis or as an alternative to an antihista-
mine for milder rhinitis.

Conclusions

The many clinical and pathophysiologic links be-
tween AR and asthma have led researchers to reas-
sess their classifications. Instead of 2 different syn-
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Table 5. Summary: Pros and Cons of the Unified Airway
Disease Theory

Pros
® AR and asthma are linked epidemiologically
® AR and asthma have a similar pathophysiology/underlying
mechanism
® AR is a powerful risk factor for subsequent development of
asthma
® New diagnoses of AR or asthma are 2- to 4-fold greater in
persons who already have one of these diseases
® Persons with a family history of asthma or AR have a 3- to
4-fold increased risk for developing asthma and a 2- to 6-
fold risk for developing AR
® Drugs used to manage one entity have shown benefit in
treating the other
Cons
® Differences exist in surface area and geometry of upper
and lower airways
® Bronchial smooth muscle contraction is a hallmark of
asthma but not of AR
® Structural remodeling of the lower airway (epithelial
shedding, sub-basement membrane thickening, smooth
muscle hypertrophy/hyperplasia) is characteristic of
asthma
® In AR there is less remodeling and the epithelium tends to
remain intact
® The role of neural pathways and neurotransmitters is
distinct
Alternative Concept
® AR and asthma are manifestations of a systemic
immunologic disease that produces atopic disorders with
inflammation involving different organ systems
® Common predisposing genetic factors have been identified
® Systemic therapy is the most effective treatment for both
diseases
® Th2 paradigm of inflammation is universal, not organ-
specific

Modified from reference 18.

dromes affecting 2 distinct organs—the nose and
lungs—some authors have proposed a “united air-
ways disease” theory, whereby AR and asthma are
viewed as a single entity that affects different as-
pects of the same respiratory organ system.?3-75 This
theory is supported by many—but by no means
all—epidemiologic, clinical, and laboratory findings
(Table 5). A problem is that this theory overlooks
important structural and mechanistic differences
and also fails to account for evident distinctions in
rhinitis and asthma phenotypes.

An alternative viewpoint is that AR, asthma, and
atopic dermatitis are all manifestations of a sys-
temic immunologic disorder that produces a variety
of allergic diseases that affect different organ sys-
tems (summarized in Table 5; see reference 18
thereto).14 This hypothesis acknowledges both the
apparent overlap and the differences between these
conditions and points toward the development of
new therapies targeting the underlying systemic
cause.

For the clinician, the primary issue is that many
patients who present with AR either have allergic
asthma or are at risk for it. Conversely, the great
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majority of patients with allergic asthma also have
AR. As recommended in the ARIA guidelines, it is
essential that persons who present with persistent
AR (defined as symptoms present more than 4 days
a week for more than 4 weeks) be carefully evalu-
ated for asthma by history, chest examination, and
change in airflow measured before and after admin-
istration of a bronchodilator.! Patients with allergic
asthma also should be evaluated for a history or
physical signs of AR. The clinical approach previ-
ously recommended had been to control the asthma
first and to then treat the AR. However, strategies
for simultaneously managing upper and lower air-
way diseases with agents that affect the mecha-
nisms of allergic airway inflammation should pro-
vide the best clinical outcome.
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