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Allergic rhinitis and asthma are both chronic heterogeneous disor-

ders, with an overlapping epidemiology of prevalence, health care

costs and social costs in quality of life. Both are inflammatory disor-

ders with a similar pathophysiology, and both share some treatment

approaches. However, each disorder has an array of treatments used

separately in controlling these atopic disorders, from inhaled corti-

costeroids, beta2-agonists and antihistamines to newer monoclonal

antibody-based treatments. The present article reviews the shared

components of allergic rhinitis and asthma, and examines recent evi-

dence supporting antileukotrienes as effective agents in reducing the

symptoms of both diseases.
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Le lien entre la rhinite allergique et l’asthme :
Un rôle pour les antileukotriènes ?

La rhinite allergique et l’asthme sont deux troubles hétérogènes

chroniques dont l’épidémiologie de la prévalence, les coûts de santé et les

coûts sociaux en matière de qualité de vie se chevauchent. Ce sont deux

troubles inflammatoires à la physiopathologie similaire, et tous deux

partagent certaines approches thérapeutiques. Cependant, chacun de ces

troubles atopiques comporte toute une série de traitements de contrôle

utilisés séparément, qu’il s’agisse des corticoïdes en aérosol, des bêta2-

agonistes et des antihistaminiques ou des traitements plus récents à base

d’anticorps monoclonaux. Le présent article passe en revue les éléments

que partagent la rhinite allergique et l’asthme ainsi que les données

probantes récentes qui appuient le rôle des antileukotriènes comme

agents efficaces en vue de réduire les symptômes de ces deux maladies.

Allergic rhinitis (AR) is one of the most common chronic
disorders, with reported prevalences ranging from 3% to

19% in various countries (1). AR is a heterogeneous disorder
that includes seasonal AR (SAR) symptoms (‘hay fever’) and
the more difficult diagnostic category, perennial AR (PAR).
One study (1) suggested that SAR is found in approximately
10% of the general population and PAR in 10% to 20%. Other
studies estimate even higher figures; for example, Meltzer (2)
suggested that AR affects 25% of the general population and
40% of children.

Asthma is also a heterogeneous disorder, and as Wenzel
(3) suggested, definitions of asthma are problematic because
of its complexity, possibly reflecting a collection of different
phenotypes. Most clinical definitions elaborate on the symp-
toms (eg, wheezing and difficulty breathing) of lung func-
tions, of exacerbations and, often, of the response to
medication (eg, high-dose corticosteroids) (3). It is estimated
that asthma affects 4% to 11% of the general population (4).
Evidence in Canada also suggests that the symptoms of
patients with asthma continue to be inadequately controlled
according to guidelines (5,6).

In the literature, there is increasing recognition of a link
between asthma and AR. It should be noted, however, that
there are other patients: those with nonatopic asthma and
those with non-AR. Although these disorders are beyond the
scope of the present review, it is recognized that many patients

with nonallergic asthma have non-AR and/or sinusitis. The
link between these problems may not be as close as the link
between allergic asthma and AR; nevertheless, it has been
supported by some studies.

Simons (7) reviewed some of the early concepts linking AR
and asthma, and suggested that the connection between the
two had actually been known for centuries, but that specializa-
tion in medicine, as well as in medications, led to the perspec-
tive of separate disease entities. To reconnect asthma and AR,
Simons proposed using the term ‘allergic rhinobronchitis’.
Another current concept is ‘one airway, one disease’, which
was originally suggested by Grossman in 1997 (8). It seems log-
ical that an uninterrupted air passage from the nose to the
alveolar ducts of the lungs would have many similarities. The
following discussion elaborates on the connections between
AR and asthma in terms of their epidemiology, pathophysiology
and similar responses to treatment. Each of these disorders has
a variety of effective treatment modalities; asthma responds
well to inhaled corticosteroids and beta2-agonists, as well as to
a new adjunctive therapy approved in Canada, the anti-
immunoglobulin E (anti-IgE) agent omalizumab (9).
Treatment for AR usually involves various forms of antihista-
mines and decongestants, as well as glucocorticosteroids (10).
The focus of the present review is on a treatment that is effec-
tive for both disorders, in particular, the leukotriene receptor
antagonists (LTRAs).
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EPIDEMIOLOGY
The connection between AR and asthma has been the sub-
ject of many epidemiological investigations that have shown
an important overlap between both diseases. In the early
studies, 40% of AR patients had asthma, and 30% to 80% of
asthmatic patients reported AR. Simons (7) suggested that
these were probably underestimates of the relationship,
because more recent, sensitive interview protocols found
rhinitis in 98.9% of allergic subjects with asthma and in
78.4% of nonallergic subjects with asthma. Leynaert et al (8)
reviewed several studies demonstrating the strong association
between rhinitis per se and asthma, both in allergic and non-
allergic subjects.

ASSOCIATED COSTS
In addition to the epidemiological relationship, some studies
have investigated the costs of these disorders, as well as the
effects of concomitant AR and asthma on health care and soci-
ety. Separately, most estimates of the annual cost of AR range
between US$2 and US$5 billion, depending on the aspects
included (11). In 1990, the cost of illness related to asthma was
estimated to be US$6.2 billion, with inpatient hospital services
accounting for US$1.6 billion of the total (12). By 1998, how-
ever, the estimated cost of asthma in the United States (US)
had risen to US$12.7 billion (13). Malone et al (14) also exam-
ined the direct and indirect costs of AR based on the National
Medical Expenditure Survey (NMES). In 1987, out of the esti-
mated 39 million people in the US with AR, only 4.8 million
(12.3%) had sought medical treatment. The total estimated cost
of the condition, in 1994 dollars, was US$1.23 billion (95% CI
US$846 million to US$1.62 billion), and direct medical
expenses accounted for 94% of the total costs. In addition, AR
provoked approximately 811,000 missed workdays, 824,000
missed school days and 4,230,000 reduced activity days (14).
Price et al (15) further reviewed the available data on the direct
costs of AR in the US, and found that the totals were between
US$1.2 and US$3.4 billion, compared with US$6.1 billion for
asthma. In an examination of children with both asthma and
AR, Thomas et al (16) found that those with this comorbidity
incurred more prescription drug costs, physician visits and hos-
pital costs than children with asthma alone.

QUALITY OF LIFE
Quality of life (QoL) is a measure used in many investigations.
In general, QoL issues for adult rhinitis patients include
fatigue, as well as decreases in energy, general health percep-
tion and social functioning. In children, problems may include
learning impairments, an inability to integrate with peers, anx-
iety and family dysfunction. Generally, impairment increases
with the number of symptoms and disease severity. Comorbid
disorders are often associated with rhinitis, including sinusitis,
otitis media and frequent respiratory infections, which can fur-
ther compromise an individual’s QoL. Asthma, as well, has
similar effects on the QoL, but in addition to being a chronic
disorder, asthma also carries a risk of fatality. A chronic or sea-
sonal difficulty in breathing, whether caused by nasal or
bronchial inflammation, is a critical burden. The restrictions
on breathing can cause psychological problems because of anx-
iety and increased health care concerns, especially the desire to
feel in control when dealing with one’s health.

The symptoms provoked by both AR and asthma seriously
affect an individual’s ability to perform his or her normal daily

life. In fact, Leynaert et al (17) reported that patients with
both AR and asthma had experienced more physical limita-
tions. Measures of QoL are usually based on questionnaires
(eg, Rhinoconjunctivitis Quality of Life Questionnaire, Short
Form 36) or visual analogue scales (eg, level of well-being,
ranging from poor to excellent). The questionnaires comprise
scores in a number of domains: nasal symptoms, eye symp-
toms, other symptoms, activity, sleep, emotions and practical
problems. Given the prevalence of AR and asthma, it is clear
that both the direct and indirect costs to the individual and
the society are significant.

PATHOPHYSIOLOGY
The clearest connection between AR and asthma is based on a
shared physiological response; both are part of the body’s
immune response to an identified foreign substance. The term
often used for the response is ‘allergy’, and the foreign sub-
stance is an allergen. Kay (18) notes that when Clemens von
Pirquet originally introduced the term allergy in 1906, he had
applied it to the reactivity found in both protective immunity
and hypersensitivity. However, allergy is now identified with
the type 1 hypersensitivity disorder of the immune system asso-
ciated with IgE.

The normal response to an aeroallergen is the produc-
tion of immunoglobulins or antibodies to the allergens.
Some individuals appear to be genetically predisposed to
produce more IgE, in particular, in response to an allergen.
The individual is then sensitized to this allergen, and many
allergen-specific IgE molecules attach themselves to mast
cells in the protective tissues, particularly in the mucous
membranes (2).

In addition to mast cells, numerous other inflammatory
cells exist in the mucous membranes. Laitinen et al (19) have
documented the airway inflammatory process involving several
cell types in patients with an early diagnosis of asthma; these
cells, (CD4+ T cells, macrophages, B cells, basophils and neu-
trophils) are essential in the immune reaction. When an aller-
gen is presented, inflammatory cells and their progenitors
immediately begin to proliferate in the bone marrow and move
into the circulation (20). IgE molecules on the mast cells rap-
idly bind to the allergen, and after several IgE molecules are
bound, the cross-linkages between them cause the mast cell to
degranulate, releasing preformed mediators from the cell and
initiating the production of other mediators (eg, chemokines
and chemotactic factors) in the inflammatory cascade. The
mast cell releases the most well-known preformed mediator,
histamine, and others, including leukotrienes, tryptase,
prostaglandins and platelet-activating factor (18,21).
Histamine and the other mediators produce the characteristic
acute allergic rhinoconjunctivitis symptoms (eg, sneezing, rhi-
norrhea, conjunctivitis).

Some of the symptoms of this acute response may resolve,
but the inflammatory cascade continues to involve other cells
of the mucosa, and a continued response is provoked by further
activation of mast cells, dendritic cells and T cells. T cells are
the immune regulatory cells that can differentiate into T helper
(Th) cells Th1 and Th2. The critical Th2 allergic response is
the release of cytokines (eg, interleukin [IL]-3, IL-4, IL-5 and
IL-13) that continue the inflammatory reactions and promote
further production of IgE by plasma cells (10). IL-5 is responsible,
in association with the CC chemokine eotaxin, for mobilizing
the bone marrow to produce and release eosinophils into the
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blood stream. They are then locally recruited through
chemoattraction (eotaxin mediation) to the tissue sites of
allergic inflammation (22). Thus, cytokines influence a wide
range of events associated with chronic inflammation, includ-
ing eosinophil recruitment and the consequent release of cys-
teinyl leukotrienes (CysLTs) and other inflammatory
mediators. The effect of the CysLTs, products of an arachidonic
acid pathway, is of particular importance in linking the inflam-
mation of AR and asthma, as will be discussed in the section
on treatment response.

The inflammatory response is similar for both AR and
asthma; they share a similar respiratory epithelial structure of
ciliated pseudostratified columnar epithelium with goblet cells
(7). The pathophysiologies of local mediator release, systemic
immune response and eosinophil recruitment are alike. During
the early-phase response, symptoms in patients with AR typi-
cally consist of sneezing, rhinorrhea and conjunctivitis;
patients with asthma experience wheezing, coughing and
shortness of breath, in addition to objectively demonstrable
changes in lung function. There is a similar pattern and time
course of early- and late-phase responses in AR and asthma.
Approximately 1 h after allergen provocation, patients with
AR experience a peak in symptoms, while patients with asthma
experience a steep decline in lung function, measured by
forced expiratory volume in 1 s (FEV1). During the late-phase
response, nasal congestion is sustained in patients with AR,
while a prolonged fall in lung function is again observed in
patients with asthma. Within 12 h to 24 h, both types of reac-
tions typically resolve.

ATOPY – A CONNECTION
The link between the epidemiology and pathophysiology of
AR and asthma can be seen in the worldwide increase in
atopic disorders. AR and asthma have markedly increased in
western Europe, North America and Australasia in recent
years (18). For example, according to Canadian statistics, the
percentage of the population in Canada with asthma has been
steadily rising, from 6.4% in 1995 to 1996, to 8.4% in 2000 to
2001. The percentage of women with asthma particularly
increased: 6.7% of women had asthma in 1995 to 1996 and
9.9% in 2000 to 2001 (23). Several studies have indicated that
the prevalence of AR is increasing, and data similar to asthma
have been found (24). For example, Skoner (1) noted that in
Swedish army studies, hay fever prevalence increased from 4%
to 8% between 1971 and 1981, and over an eight-year period
in Arizona, skin test reactivity rose from 35% to 50%. Recent
reviews, however, have revealed conflicting temporal trends
since 1990 in the prevalence of both asthma and atopy in var-
ious parts of the world (25). Nevertheless, some studies suggest
that increases in these disorders appear to be related to the
changing environment of the Western lifestyle. In fact, this
has been termed the ‘hygiene hypothesis’, because since World
War II, there has been a massive increase in the use of soaps
and antibacterials of all types. As a result, the populations in
these countries have been less exposed to early immunizing
pathogens and have fewer early childhood infections. Kay (18)
reviewed a few population studies; for example, since German
reunification, there have been increased prevalences of atopy
and hay fever in East German children (18). Epidemiological
studies also support this idea; particular colonizing bacteria
(eg, Lactobacillus species and eubacteria) in the intestinal tract
can prevent atopic sensitization and are found in children from

areas with a low prevalence of atopy (18). Von Ehrenstein et al
(26) found that living on farms with a high degree of exposure
to livestock-associated bacteria was protective against allergic
disorders in children. The mechanism suggested for this effect
involved the balance of T cells.

Healthy individuals have a balance of Th1 and Th2 cells.
In utero, the fetus is Th2 cell-dominant in accordance with the
placental milieu, for reasons related to fetal rejection. After
birth, exposure to environmental microbes stimulates the
development of Th1 responses and produces the necessary bal-
ance between the two immune responses. In Western cultures,
more often, the developing immune system may be deprived of
microbial antigens that stimulate Th1 cells, leading to a phe-
notype that expresses more Th2 cells essential in the allergic
response. In fact, Stern et al (27) provided evidence of specific
allergen-dependent switching patterns in Th2-dependent
immunoglobulins in people with farm exposure. The relation-
ships among asthma, AR and atopy, however, are still subjects
of research and debate (25,28). In particular, interest has
focused on other environmental factors; for example,
Kohlhammer et al (29) examined the relationship between
physical inactivity and hay fever in children. Although the
physiological mechanisms could not be clarified because no
increased allergic sensitization could be found, nevertheless,
physical activity appeared protective, because higher rates of
hay fever were seen in inactive children. Kohlhammer et al
(30) also examined the exposure to chlorination by-products
(ie, swimming pool use) and hay fever; the results suggested an
association. Finally, Radon and Schulze (31) investigated two
elements of the Western lifestyle and their effects on allergic
sensitization. Obesity and microbial exposure were selected as
markers; the results revealed that nonobese, farm-exposed sub-
jects had reduced sensitization compared with those with no
farm exposure, but this decrease in sensitization was not found
in obese subjects both with and without farm exposure.
Therefore, the protective effects of increased microbial expo-
sure were eliminated by obesity (31). This is one among many
other factors that remain to be elucidated in understanding the
genetic and environmental triggers of atopic disorders.

CLINICAL EVIDENCE
The support for the connection between AR and asthma has
been given impetus with a series of elegant studies by
Braunstahl et al (32,33) on tissue response to allergen provo-
cation. These studies were designed to elucidate the patho-
physiological connections between the nose and the lungs.
The first study compared allergic inflammation and clinical
findings from the upper and lower airways after segmental
bronchial provocation (SBP) with an allergen. Baseline nasal
and bronchial specimens were collected from patients and con-
trols before and after SBP. The allergic inflammatory response
was determined by comparing the specimens at baseline, and
1 h and 24 h after SBP (bronchial biopsy only after 24 h).
Signs and symptoms were recorded for each time point. The
specimens were examined for mucosal allergic inflammation,
and evaluated for the presence of eosinophils, IL-5+ cells and
eotaxin+ cells (necessary for eosinophil survival and chemo-
taxis). The study selected eight AR patients (with symptoms
and skin-prick test confirmation) and eight nonallergic,
healthy controls (32).

The second study had a similar provocation except that this
time, instead of the bronchi, the nasal passages were stimulated
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(33). Two groups of patients, nine with AR and nine nonaller-
gic, healthy controls, were selected for the study. Blood sam-
ples, as well as bronchial and nasal biopsy specimens, were
collected from the participants before nasal provocation and
24 h after provocation. Other measures included nasal and
bronchial symptom scores (visual analogue scale), peak nasal
inspiratory flow (PNIF) and peak expiratory flow (PEF; lung
function measures). These measures were examined at base-
line, after 0.5 h and every 2 h for 12 h, and at day 2.

In the first study with bronchial provocation, baseline tissue
staining revealed greater numbers of eosinophils (tissue indica-
tors for an allergic response) in allergic patients (32).
Although the allergen was specifically directed to the lungs,
both nasal and bronchial tissue exhibited significant increases
in cells of the inflammatory cascade. These results suggested a
general systemic activation of eosinophils and migration to the
mucosa of both the upper and lower airways, ie, a shared
inflammatory response even with exposure only in bronchial
tissue.

The second study was also designed to examine the patho-
physiological interactions between the upper and lower air-
ways, but in this case, using nasal allergen provocation (33).
At baseline, the subjects in the study were comparable, but
after nasal provocation, the AR patients had lower values of
PEF, and the PNIF revealed a bimodal curve of reduced air
flow. Minimal changes were seen in the control subjects. In
AR subjects, symptoms and the PNIF returned to baseline after
24 h, but the PEF continued to show a reduced air flow. These
results suggest that allergen nasal activation affects the entire
epithelium of the airways, and stimulates crosstalk between the
nasal and bronchial mucosa.

Taken together, results suggest that allergen challenge in
any part of the airways leads to differentiation and migration of
progenitors from the bone marrow, and directly or indirectly
affects both upper and lower airway function (Figure 1).

TREATMENT APPROACHES
The Canadian Rhinitis Working Group (10) and the Allergic
Rhinitis and its Impact on Asthma (ARIA) initiative work-
shop are two groups that have elaborated guidelines for the
treatment of AR and asthma (10,34). The consensus state-
ment by van Cauwenberge et al (24), for example, reiterated
the need for a careful diagnosis to differentiate AR from other
comorbid conditions. If confirmed, the avoidance of allergens
is a first step in reducing the allergic response; however, as

Platts-Mills (35) had pointed out, even this step is not that
clear cut. In addition, the recognition of the connection
between AR and asthma, both temporally and symptomatically,
supports investigations into treatment of both disorders. The
recognition that a similar mechanism of disease generation
underlies AR and asthma offers the opportunity for rational
treatment.

Treatment has primarily focused on the interruption of the
inflammatory cascade by blocking the actions of chemicals
released by the allergic response in the epithelium. The most
well-known mediator for the development of AR symptoms is
histamine; antihistamines have proven very effective in reduc-
ing nasal symptoms, but are not as effective in reducing the
nasal blockage of inflammation (24). As a result, antihista-
mines are often combined with oral decongestants (eg, pseu-
doephedrine) to reduce nasal symptoms.

Topical corticosteroids are another possible treatment
choice in AR to reduce nasal blockage. These substances are
used as a wet or dry powder nasal spray and have a strong anti-
inflammatory capacity. Corticosteroids reduce cytokine and
chemokine release, and reduce inflammatory cell infiltration
of the mucosa (24). Minshall et al (36) investigated the action
of mometasone furoate nasal spray on nasal tissues. The nasal
biopsies demonstrated an attenuation of the inflammatory
process and no adverse tissue changes in the mucosa, even after
long-term use. Similarly, inhaled corticosteroids are an effec-
tive treatment for bronchoconstriction in asthma.

CysLTs
A more recent development in the interruption of the inflam-
matory cascade is the focus on CysLTs. Leukotrienes are one of
the primary inflammatory mediators produced from arachidonic
acid, and are released by mast cells, basophils, neutrophils and
esosinophils in the reaction to an allergen (37). Leukotrienes are
instrumental in causing the symptoms of SAR; they appear to
play a critical role in nasal congestion by increasing vascular
permeability and the pooling of blood in the venous sinuses.
High levels of CysLTs have been found in the nasal secretions of
patients with SAR. Recent research has examined polymor-
phisms in the leukotriene pathway that offer genetic underpin-
nings for the variable responses to treatment with agents that
block the CysLTs (38). These antileukotrienes have improved
the symptoms of asthma and AR, as discussed below.

AR TREATMENT
Chervinsky et al (39) examined the therapeutic effects of
montelukast, an agent that interferes with the CysLT inflam-
matory process by specifically blocking the CysLT1 receptor,
ie, an LTRA or antileukotriene. Montelukast was evaluated
in patients with AR based on the relationship to levels of
pollen exposure during three consecutive fall allergy seasons.
During the seasons of 1999, 2000 and 2001, multicentre, ran-
domized, double-blind, placebo-controlled and parallel-group
trials were conducted. Following a three- to five-day placebo
run-in period, the active treatment phase was two weeks in
the first two seasons and four weeks in the third season, with
the first two weeks used in the analysis for comparing primary
efficacy. Patients were randomly assigned to 10 mg of mon-
telukast (n=929) and placebo (n=933) to be taken in the
morning (study 3) or in the evening (studies 1 and 2).
Another group was assigned loratadine (20 mg) as a positive
control, but these results were discussed in another analysis.
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The primary end point was the combined daytime nasal
symptoms score based on patient diaries of nasal congestion,
rhinorrhea, nasal itching and sneezing. Secondary end points
included the individual component symptoms, nighttime
symptoms, eye symptoms, rhinoconjunctivitis, QoL scores and
peripheral blood eosinophils. In the combined analysis, mon-
telukast significantly reduced the daytime nasal symptoms
score. When the patient population was divided into sub-
groups, defined by tertiles of average pollen exposure distribu-
tion, the results of montelukast treatment differed relative to
the level of pollen exposure. In the lower one-third, the treat-
ment effect was not significant compared with placebo, but
treatment was significantly effective with greater pollen expo-
sure (upper two tertiles). A study by Mucha et al (37) com-
pared the effects of montelukast (10 mg) with a decongestant,
pseudoephedrine (240 mg), over a two-week treatment period,
during allergy season. Both treatments had decreased the
symptoms experienced by patients with SAR, improved the
QoL and increased nasal air flow. Thus, montelukast is as effec-
tive as a decongestant on inflammation, and the effectiveness
increases with higher allergen levels.

Philip et al (40) investigated the effectiveness and tolera-
bility of an LTRA in the first large clinical trial to demonstrate
the benefits of montelukast monotherapy in SAR. The ran-
domized, double-blind, placebo-controlled, parallel-group trial
was carried out in the spring of 2000 at 50 study centres in
North America (43 in the US and seven in Canada).
Montelukast (10 mg) was given once daily for two weeks to
patients (n=348) with AR; another group (n=602) received
loratadine (second-generation, nonsedating antihistamine as a
positive control) and the third group (n=352) received a
placebo. The trial had two periods: a three- to five-day run-in
(a single-blind placebo) followed by the two-week treatment
period. One thousand three hundred and two patients who
met the inclusion criteria were randomly assigned and seen for
five visits. A symptom diary card was completed daily by each
patient during both periods; each night the daily symptoms
evaluation was recorded, and the nighttime symptoms were
recorded each morning. Other measures were the
Rhinoconjunctivitis Quality of Life Questionnaire completed
at the end of each of the two periods, a patient global evalua-
tion of change in their AR, a global assessment by their physi-
cian, peripheral blood eosinophil counts before and after the
double-blind treatment period, airborne pollen counts
(grains/m3 of air) measured daily for each geographical area,
and finally, any reported adverse events or changes in physical
examination. Both treatments demonstrated significant
improvements from baseline in the daytime nasal symptoms
score compared with placebo, as well as in the four individual
symptoms comprising the score (ie, congestion, rhinorrhea,
pruritus and sneezing). However, loratadine tended to be bet-
ter than montelukast in improving daytime rhinorrhea, itching
and sneezing. In addition, although both treatments signifi-
cantly improved nighttime symptoms compared with placebo,
numerically, the mean change from baseline symptom evalua-
tions favoured montelukast over loratadine. In contrast to the
results obtained with daytime symptoms compared with lorata-
dine, montelukast improved nighttime symptoms overall and
for each of the composite symptoms (difficulty going to sleep,
nighttime awakenings and congestion on awakening).

The effectiveness of montelukast in improving the compos-
ite of daytime and nighttime symptoms, as well as daytime eye

symptoms, in addition to the relatively greater improvement in
nighttime symptoms, made the results nearly equivalent to
loratadine, a known effective agent for AR. In fact, compared
with placebo, montelukast was significantly more effective in
improving all QoL parameters, as well as patient and physician
global evaluations.

Another study by Patel et al (41) extended the treatment
effectiveness of LTRAs to patients with PAR. In these
patients, montelukast provided statistically significant
improvements in symptoms over a six-week treatment period.
Chen et al (42) approached the issue of PAR in children.
This study compared the clinical efficacies of montelukast,
cetirizine and placebo in the treatment of PAR in the first trial
involving two- to six-year-old children. The results revealed
that montelukast was as efficacious as cetirizine in improving
all symptoms compared with placebo, except for nasal itch-
ing, for which cetirizine was more effective. However, mon-
telukast was superior to cetirizine in improving night sleep
quality.

In a recent systematic review and meta-analysis, Grainger
and Drake-Lee (43) examined the evidence for montelukast
efficacy in AR. They found that montelukast reduces nasal
symptoms by 3.4% compared with placebo, but is not as effec-
tive as topical nasal steroids or antihistamines. As a result, they
recommended montelukast as second-line therapy to be used
in combination with an antihistamine.

LTRAs IN CONCOMITANT AR AND ASTHMA
LTRAs have been shown to be effective treatments in asthma.
Barnes et al (44) analyzed the use of montelukast in patients
with mild, persistent asthma and found that it improved con-
trol of asthma parameters (eg, FEV1 improved 7% to 8% over
baseline). In some patients with stable asthma treated with
inhaled corticosteroids, montelukast provides additional con-
trol of inflammation and improves QoL scores (45). In a
national survey of montelukast treatment in routine practice
by Barnes et al (46), the largest response was in patients with
mild to moderate asthma. Overall, this LTRA was demonstrated
to be an effective and well-tolerated treatment.

With the effectiveness of LTRAs in treating asthma,
Meltzer (2) reviewed the studies on the efficacy of zafirlukast
and montelukast in asthma, and explored the use of LTRAs in
AR. This study found that the LTRA montelukast was an
effective treatment for AR.

Recently, studies have been developed to examine the
effectiveness of LTRA treatment in patients with both AR and
asthma. Piatti et al (47) carried out an observational study of
patients with AR and bronchial asthma during allergy season
and found that zafirlukast significantly reduced asthma and AR
symptoms (P≤0.05), supporting the use of LTRA treatment for
both disorders.

In an earlier study by Philip et al (40), one of the more
interesting and provocative observations was a difference in
peripheral blood eosinophil counts. Montelukast significantly
decreased these counts compared with placebo, and this result
was in contrast to loratadine, with which there were no
eosinophil effects. The 17% median decrease in eosinophils
from baseline after two weeks of treatment was similar to
results found in studies of montelukast therapy for asthma.
Given that the pathophysiology of AR and asthma involve the
inflammatory cascade and the eosinophil influx into nasal and
bronchial mucosa, this systemic effect reflects the ability of
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montelukast to reduce the influx or activation of inflammatory
cells (eg, eosinophils) and the secretion of CysLTs in the
epithelium. This study provided important support for the use
of montelukast in patients with both AR and asthma.

Philip et al (4) followed up the previous study with an eval-
uation of montelukast treatment for patients with symptomatic
AR and active asthma during allergy season. In the spring and
fall of 2003, a randomized, parallel-group, double-blind, double-
dummy study was carried out at 52 centres in the US and
Europe. The two groups were given montelulast (n=415) and
placebo (n=416) in a single-blind run-in placebo period of
three to five days and then two weeks of active treatment with
daily dosing at bedtime. Patients kept daily symptom diaries;
the primary end point was the daily rhinitis symptoms score,
comprising the average of specific nasal symptoms during both
day and night. Montelukast demonstrated significant efficacy
in improving symptoms of SAR in patients with comorbid
active asthma; the daily symptom score (primary end point)
was reduced compared with placebo (P≤0.001), and despite a
large placebo effect, both the nasal and the nighttime symp-
toms were significantly improved. As well, in a subgroup analy-
sis based on asthma status at the start of the study, there was
greater improvement in rhinitis symptoms in patients who had
taken inhaled corticosteroids, had asthma symptoms two or
more times per week, had an FEV1 less than 80% of predicted
and had a 12% or greater reversal of airway obstruction with
beta2-agonist use at the start of the study (4). These results sug-
gested that montelukast may be more effective in patients with
more severe or symptomatic asthma. Studies of patients with
both AR and asthma have indicated that comorbidity increases
asthma symptoms and the need for beta-agonist rescue medica-
tion; it also causes a twofold increase in asthma attacks and an
increased risk of hospitalization (48). Therefore, the treatment
of both disorders is critical.

An early study of asthma, the Clinical Outcomes with
Montelukast as a Partner Agent to Corticosteroid Therapy
(COMPACT) study, randomly assigned 889 adults with asthma
whose symptoms persisted despite the use of inhaled corticos-
teroids. In the original double-blind study, after a run-in period,
patients received either 10 mg of montelukast once daily plus
800 μg/day of inhaled budesonide or 800 μg of budesonide
twice daily for 12 weeks.

The post hoc analysis of this study by Price et al (48) exam-
ined those patients with uncontrolled asthma who also had a
positive history of AR, either SAR or PAR. The primary effi-
cacy end point investigated was morning PEF (measured morn-
ing and evening before taking medication). Other end points
included beta-agonist use, asthma-free days and nocturnal
awakenings. The results of this study indicated that for the
total group of asthmatic patients, montelukast was as effective
as doubling the inhaled corticosteroids for improving morning
PEF. In addition, montelukast was significantly better than
doubling inhaled corticosteroids in those patients who had
concomitant asthma and AR. There was a 9.2% increase in
morning PEF from baseline in the montelukast plus budes-
onide group, compared with a 6% increase in the double
budesonide group. In asthmatic patients with AR, beta-agonist
use fell by 27.8% in the combined medication group, compared
with a 21% decrease in the double budesonide group. One sug-
gestion for the positive results in patients with concomitant
rhinitis is that montelukast is more effective in improving the
inflammation associated with nasal symptoms and asthma.

Certainly, over the 12 weeks of treatment, montelukast signif-
icantly improved lung function in these patients.

A further study by Busse et al (49) evaluated the efficacy of
montelukast in a subpopulation of asthmatic patients with sea-
sonal asthma symptoms. Again, based on the pathophysiology
of the role CysLTs play in the process of increased airway
responsiveness to allergen exposure, as well as in the activation
and migration of eosinophils and dendritic cells to the
bronchial mucosa, the study was designed to evaluate the effec-
tiveness of blocking CysLTs. Montelukast was given to patients
who had both asthma and seasonal aeroallergen sensitivity;
after treatment for three weeks during the allergy season, the
effects on symptom relief was compared with placebo. The
results demonstrated that montelukast provided significant
improvements in daytime asthma symptom scores from base-
line. Secondarily, the montelukast group used less beta-agonists,
had fewer nighttime symptoms and had improved PEF rates. In
addition, for patients who had symptoms of AR, the global
improvement in those symptoms at the end of treatment for
the montelukast group was greater than with placebo. Further
analysis indicated that for the montelukast group, those
patients reporting improved daytime asthma symptoms also
reported improved AR symptoms.

A recent study reflected the now accepted perspective of a
unified allergic airway and investigated the best treatment.
Barnes et al (50) examined 17 patients who completed the
randomized, double-blind, crossover study, and found that
both topical steroids and combined mediator antagonists
(montelukast and cetirizine) reduced systemic inflammation,
but only the corticosteroids reduced bronchial and nasal
inflammatory markers (ie, the provocative concentration of
methacholine causing a 20% decrease in FEV1 and exhaled
nitric oxide).

Finally, a study by Virchow and Bachert (51) was designed
to use a real-life setting for testing the efficacy and safety of
montelukast in adult patients with both asthma and AR. The
multicentre phase IV study involved 5786 patients (2487 male
patients, 3299 female patients) who were identified by the
3018 physicians participating in the study. All patients were
required to have both disorders, as diagnosed by their physi-
cian. Baseline measures were recorded for symptoms, and the
severity of both disorders was categorized, ie, intermittent,
mild or moderate asthma, and intermittent or persistent AR.
In addition, QoL was assessed in the four domains of sleep,
work, everyday life and activity limitations. Each patient
received 10 mg of montelukast as monotherapy or as additional
therapy to another antiasthmatic therapy (judged inadequate)
for approximately four to six weeks between February and the
end of July 2004. The results indicated that treatment with
montelukast (10 mg) provided an overall improvement in
asthma symptoms for the majority of patients. For daytime
asthma symptoms, 86.5% reported a strong or marked improve-
ment, and 88.5% reported improvements in nighttime asthma
symptoms. This improvement was associated with a reduction
in the requirements for other asthma medications (eg, beta2-
agonists and inhaled corticosteroids). For AR, overall
improvement was reported with montelukast for the majority
of patients. In fact, most patients reported improvements in all
the symptoms of AR: 77.7% had red or burning eyes, 78.4%
had watery eyes, 79.3% had nasal congestion, 81.7% had rhin-
orrhea, and 84% had sneezing or itching at the start of the
study. Patients also reported a reduced use of AR medications
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(eg, nasal steroids, antihistamines). The majority of patients
(85.2%) also reported a QoL that was very good or good, and
the therapy was well tolerated, with only 14 patients reporting
21 adverse events; none of these events were serious. This real-
life setting confirmed the results from trials mentioned above,
demonstrating that montelukast is a safe and effective treat-
ment of both upper and lower airways in patients with asthma
and AR.

CONCLUSIONS
AR and asthma are categorically similar disorders; they have
an epidemiological connection of increasing prevalence,
shared QoL issues and significant comorbidity – often with AR
as a precursor to asthma. Pathophysiologically, these two disor-
ders have similar cellular responses, with different symptoms
based on the differences in the physical structures involved.
Both disorders exhibit the inflammatory cascade and
eosinophil infiltration of the nasal and bronchial epithelium.
Finally, both disorders cause significant costs to the individual
and to society.

AR and asthma often respond to the same treatments,
which suggests that there is an intimate connection between
the two. As a result, treatment guidelines have recognized the
link between AR and asthma, and recommended that each
condition be evaluated when a patient presents with either of

the disorders. The guidelines further support a combined
approach to treating both conditions for maximum therapy
and a decreased medication load (35). Future guidelines may
even consider recommending that treatment be aimed for total
or overall respiratory symptom control. This approach would
address both upper and lower airway symptoms in a more com-
prehensive manner.

In summary, the search for treatments to improve the symp-
toms of patients afflicted with AR and asthma has targeted the
CysLTs, one group of the many inflammatory substances in the
allergic response. Research has revealed that when the CysLTs
are blocked, symptoms and function improve. Steroids and
antihistamines do not block the action of leukotrienes, but the
LTRA montelukast is an effective blocking agent. The evi-
dence suggests that montelukast reduces the symptoms of AR,
and is comparable with antihistamines and oral decongestants;
it is also effective in both SAR and PAR, and improves lung
functioning in asthma. In fact, results suggest that the effec-
tiveness increases with greater levels of allergen exposure, and
efficacy is also increased when asthma symptoms are more
severe. As a result, montelukast is a suggested treatment for
both conditions.
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