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INTRODUCTION
Since the publication in 2001 of the Allergic Rhinitis and its
Impact on Asthma (ARIA) report (1), the relationship between
rhinitis and asthma has been the scope of recent epidemiologi-
cal surveys, basic research studies, and clinical trials. Results of
a recent survey suggested that comorbid asthma and allergic
rhinitis substantially impact patient well-being and that the
worsening of allergic rhinitis symptoms in patients with asth-
ma can be associated with worsening asthma symptoms (2).
Evidence shows that rhinitis and asthma are intimately linked
but that some major gaps in our knowledge remain.

I. DOES EPIDEMIOLOGICAL EVIDENCE OF SUCH A
RELATIONSHIP EXIST?
Rhinitis is a risk factor for asthma independent of allergy.
Epidemiological studies have consistently shown that asthma
and rhinitis often co-exist in the same patients (1,3-7). In an
international cross-sectional study in young adults, 74-81% of
subjects with asthma reported symptoms of rhinitis.
Conversely, the risk of asthma increased from 2% in subjects
without rhinitis to 6.7-18.8% in subjects with allergic rhinitis (8).

Asthma is more frequently associated with perennial allergic
rhinitis (PAR). Furthermore more severe asthma was associat-
ed with PAR compared to seasonal allergic rhinitis (SAR) (9,10).
Recent epidemiological studies reported the prevalence of
asthma in allergic rhinitis patients as 20.4% (11) and 24% (12)

compared to 3.9% and 2%, respectively, in controls. In two
separate epidemiological studies (12-14), the prevalence of asthma in
intermittent and persistent allergic rhinitis was the same. In
children, allergic rhinitis is often diagnosed later than asthma (15).
This may be due, at least in part, because rhinitis symptoms in
childhood are often ignored. Some prospective longitudinal stud-
ies actually suggest the opposite, namely that rhinitis frequently
precedes the development of asthma. Data from Wright and
colleagues (16) showed that children whose allergic rhinitis began
in the first year of life had more respiratory symptoms at age six
and were more likely to have a diagnosis of asthma.
Other prospective and longitudinal studies supported the view
that rhinitis frequently precedes the development of asthma (17-23).
Because rhinitis and asthma are so strongly associated in cross-
sectional surveys, and because rhinitis often precedes the
development of asthma, rhinitis itself might be a risk factor for
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asthma (8). Allergic rhinitis has also been found to be associat-
ed with an increased risk of bronchial hyperresponsiveness in
population-based study, even in subjects without diagnosed
asthma (24). In a study of patients with persistent allergic rhini-
tis, 54 % showed signs of early bronchial impairment and nasal
function was firmly related to bronchial calibre and bronchial
hyperreactivity (BHR) grade (25).
In Europe, 18 birth cohort studies on asthma and atopic dis-
eases have been identified with in predominately urban/metro-
politan settings (26).

II. WHICH MECHANISMS ARE SUSPECTED TO LINK
RHINITIS WITH ASTHMA?
Bronchial asthma and rhinitis are both manifestations of an
inflammatory process within a continuous airway system (27-29).
The upper and lower airway may be considered as a unique

entity, influenced by a common and probably evolving inflam-
matory process (1), which may be sustained and amplified by
intertwined mechanisms of several risk factors.

II.a. Could anatomical similarities between upper and lower air-

ways help explain the link between rhinitis and asthma?

The histological features of the nasal and bronchial mucosa
have several similarities. Both are characterized by a pseudos-
tratified epithelium with columnar, ciliated cells resting on a
basement membrane. Underneath the epithelium, in the sub-
mucosa, vessels, and mucous glands are present with structural
cells (fibroblasts), inflammatory cells (essentially monocytic
cells, lymphocytes and mast cells), and nerves. There are also
striking differences. In the nose, there is a large subepithelial
capillary and arterial system and venous cavernous sinusoids.
This high degree of vascularisation is a key feature of the nasal

Table 1. Levels of evidence for treating rhinitis and asthma: rhinitis treatment influencing the course of asthma.
Class Evidence Drug Reference Type of study Effect

Antihistamines Ib Cetirizine Grant JA, JACI 1996 (69) Randomized, double blind, + asthma symptoms
placebo controlled

Ib Terfenadine Rafferty P, Br J Clin Randomized, double blind, + asthma symptoms

Pharmacol 1990 (72) placebo controlled, crossover
Taytard A, Br J Clin Randomized, double blind, + asthma symptoms

Pharmacol 1987 (73) placebo controlled, crossover
Ib Levocetirizine Pasquali M, Cllin Randomized, placebo controlled, + QOL

Exp Allergy 2006 (84)

Ib Desloratadine Reinartz SM, Randomized, placebo controlled, + allergic inflammation

Allergy 2005 (80)

Berger WE, Ann Randomized, double blind, + asthma symptoms
Allergy Asthma placebo controlled

Immunol 2002 (81)

Baena-Cagnani Int Randomized, double blind, + asthma symptoms and

Arch Allergy 2003 (82) placebo controlled beta-agonist use
Cromones Ib Cromolyn Welsh PW, Mayo Randomized, placebo controlled + asthma symptoms

clin Proc 1987 (111)

Nasal steroids Ia Nasal steroids Taramarcaz, Meta-analysis + but no significant effect

Cochrane Rev 2003 (93, 94) on asthma symtpoms
Immunotherapy Ib Subcutaneous Bahceciler NN, Pediatr Randomized, double blind, + asthma exacerbations and PEF

immunotherapy Pulmonol 2001 (107) placebo controlled
IIa Sublingual Marogna M, Randomized controlled + BHR and asthma symptoms

immunotherapy Allergy 2004 (105) open study
Leukotriene Ib Montelukast Baena-Cagnani Int Randomized, double blind, + asthma symptoms and

modifiers Arch Allergy 2003 (83) placebo controlled beta-agonist use
Perry T, Ann Allergy Randomized, double blind, + lower and upper airway
Asthma Immunol placebo controlled responses

2004 (102)

Anti-IgE Ib Omalizumab Vignola M, Allergy Randomized, double blind, + asthma exacerbations and QoL

2004 (110) placebo controlled

Table 2. Levels of evidence for treating rhinitis and asthma: asthma treatment influencing the course of rhinitis.
Class Evidence Drug Reference Type of study Effect

Inhaled steroids IIa Budesonide Greiff L, Eur Respir J 1998 (112) Not randomized, placebo + nasal symptoms and
controlled inflammation
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mucosa and changes in vasculature may lead to severe nasal
obstruction. On the other hand, in the nose, there is no airway
smooth muscle, whereas in the lower respiratory tract, smooth
muscle is present from the trachea down to the bronchioles
which accounts for bronchoconstriction as a cardinal feature of
asthma. Although both diseases are caused by similar environ-
mental risk factors, these structural end-organ differences may
account, at least in part, for the differences in the clinical mani-
festations and severity of allergic rhinitis compared to
bronchial asthma.

II.b. What are the physiological links between the nose and the

lung?

The nose is a natural airway, and breathing through the nose
rather than the mouth is essential for protection of the lower
airway against contaminants in inhaled air (30). The two major
functions of the nose are to maintain normal airway function
and to filter and condition inspired air, which contains poten-
tially harmful particles, such as pollen grains or other allergens,
inorganic dust particles or microbes, all of which could damage
the bronchial mucosa if they reached the lungs. During its pas-
sage in the nasal cavity, particles larger than 5 - 10 μm are fil-
tered out. Another important function of the nose is to warm
and humidify incoming air.
Many patients with seasonal allergic rhinitis also have lower
respiratory symptoms such as cough and wheeze, and many
experience lower respiratory tract symptoms, particularly when
the pollen count is high. Allergic rhinitis with associated nasal
obstruction may result in pollen grains reaching the bronchial
mucosa and resulting in symptoms of bronchial asthma.
Although there is evidence of inflammation in the bronchial
mucosa in seasonal rhinitis, remodelling of the bronchi, which
characterises perennial asthma, is usually absent and bronchial
symptoms subside at the end of the pollen season (1).

II.c. What can we learn from the immunological and pathophysi-

ological relationships between rhinitis and asthma?

Allergic rhinitis and asthma are characterized by similar
inflammatory processes in which mast cells, basophils and
eosinophils play a defining role (31).
Imbalance between Th2 and Th1 cells, in favour of Th2 plays
an important role in the regulation of IgE synthesis and cell
recruitment at sites of allergic inflammation. In allergic rhini-
tis, many studies have demonstrated that mucosal inflamma-
tion is characterized by the tissue infiltration of T-lymphocytes
(CD4+ T-cells and CD25+ T-cells) in the submucosa and
epithelium (32,33). These pathophysiological characteristics are
found in both allergic rhinitis and asthma.
Synthesis of allergen-specific IgE is required for the develop-
ment of allergic diseases including allergic rhinitis and allergic
asthma but many individuals with allergen-specific IgE do not
develop symptoms (34).
It is likely that inflammation in the nasal mucosa may con-
tribute to worsening of bronchial asthma through several puta-

tive mechanisms (35). The same inflammatory cells (T cells,
eosinophils) and Th2-like cytokines have been found in nasal
and bronchial biopsy specimens (36). The number of
eosinophils in nasal smears correlates well with abnormalities
of pulmonary function tests and the level of non-specific
bronchial responsiveness as measured by methacholine inhala-
tion challenge (37). In a study of patients with allergic rhinitis
without bronchial asthma, segmental bronchial allergen provo-
cation resulted in nasal inflammation characterised by tissue
eosinophilia and upregulation of the eosinophil-specific adhe-
sion molecule VCAM-1. Conversely, nasal allergen provoca-
tion resulted in allergic inflammation detectable in both the
nasal and bronchial mucosa (38). Several mechanisms have
been proposed to explain the link between uncontrolled aller-
gic rhinitis and the occurrence or worsening of bronchial asth-
ma. These include: (a) the existence of a neural (naso-
bronchial) reflex, (b) possible post-nasal drip of inflammatory
cells and/or mediators from the nose into the lower airway, an
event that is most unlikely (c) absorption of inflammatory cells
and/or mediators from the nose into the systemic circulation
and ultimately ending up in the bronchi, and (d) nasal obstruc-
tion resulting in a reduction in filtration, humidification, and
warming of incoming air (35,39).
However, these mechanisms are unlikely singley to explain the
entire pathological link between allergic rhinitis and asthma, as
both diseases can be clinical manifestations of a systemic inflam-
matory process within the respiratory tract. In a nasal challenge
study with house dust mites in adult patients with persistent
allergic rhinitis, all patients (n=20) produced a similar early- and
late-phase response by presenting nasal symptoms, inflammato-
ry cell infiltration and mediator release in nasal secretions after
challenge. Only three patients (3/5) with a history of asthma
showed a fall in FEV1 readings (33%, 22% and 11% from the
baseline) at seven hours post challenge and concomitant mild
wheezing at night (40). This study showed that nasal provocation
may elicit concomitant asthmatic symptoms during the late
phase reaction, especially in patients with a history of asthma.

II.d. Can genetic research solve the problem?

Atopy, the predisposition to develop IgE to common inhaled
allergens, is a key underlying pathogenic mechanism in both
allergic rhinitis and asthma. Atopy has a strong familial ten-
dency, starting usually in childhood or adolescence (41). Many
candidate genes have been identified both by positional
cloning and by linkage analysis (42-44). A genome wide search
has shown associations between certain phenotypes of allergic
disease with markers on more than 14 pairs of chromosomes
(chromosomes 1, 2, 3, 5, 6, 7, 9, 11, 12, 13, 14, 16, 17, 19). The
complex mechanisms of inheritance of atopy and their relation
to the development of clinical manifestations of atopy (allergic
diseases), remain incompletely understood.

II.e. Could other environmental factors play a role?

The gene/environment interface is critical in the expression of
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clinical manifestations of allergy and, most likely, in the influ-
ence of rhinitis on asthma. There are insufficient epidemiolog-
ical data on the interaction between pollutants and rhinitis.
Furthermore, no clear differentiation can be made between the
allergens that provoke asthma and those inducing rhinitis. It
seems that, probably based on the nose’s poor filtration ability
with respect to low molecular weight compounds (45,46), rhinitis
is less common than asthma in occupational-type allergic reac-
tions against these agents (47,48).
There is only scanty evidence on the mechanisms of occupa-
tional-type respiratory allergies.
Natural exposure studies and provocation challenges are usual-
ly poorly designed for demonstrating the mechanisms support-

ing the relationship between rhinitis and asthma.
Finally, the direct or indirect influence of pollution or early life
infections on rhinitis and/or asthma remains unclear. At pre-
sent there is little evidence to support the routine recommen-
dation of physical or chemical methods to control indoor aller-
gen levels, in particular allergens from furry pets (49). Although
interventional studies in adults have shown little benefit, the
majority of the studies in children suggest that environmental
control measures may be of benefit (50).

II.f. Which questions are remaining to explain the link between

rhinitis and asthma?

Although rhinitis and asthma frequently coexist, there exist

Table 4. Levels of evidence for treating rhinitis and asthma. Combination therapies are better than single therapies.
Class Evidence Reference Type of study Effect
Becomethasone IIa Stelmach R, Not randomized, No difference between nasal or

dipropionate inhaled Chest 2005 (100) double blind combined therapy
and intranasal
Fluticasone/salmeterol Ib Nathan RA, Randomized, not blinded, No difference between nasal or

with or without Chest 2005 (127) placebo controlled combined therapy
montelukast or fluticasone
nasal spray
Zafirlukast with nasal Ib Benitez HH, Rev Alergol Randomized, double blind Combination more effective

budesonide Mex 2005 (128)

Intranasal and inhaled Ib Dahl R, Allergy 2005 (129) Randomized, double-blind, Combination more effective
fluticasone placebo controlled
Loratadine and montelukast IV Currie GP, Q J Med Review Combination more effective

2005 (133)

Loratadine and zafirlukast IIb Roquet A, Am J Respir Quasi experimental study Combination more effective

Crit Care Med 1997 (131)

Budesonide and montelukast Ib Price DB, Allergy 2006 (132) Randomized, double-blind Combination more effective

Table 3. Levels of evidence for treating rhinitis and asthma: rhinitis treatment preventing the allergy march.
Class Evidence Therapies Reference Type of study Effect
Immunotherapy Ib Subcutaneous Moller C, J Allergy Randomized Reduction in development of

immunotherapy Clin Immunol 2002 (123) asthma
in children
Sucutaneous Niggeman B. Allergy Randomized Reduction in development of

immunotherapy 2006 (108) asthma
in children
Subcutaneous Polosa R, Allergy Randomized, placebo controlled Prevention of natural progression

immunotherapy 2004 (121) to asthma
in adults

Ia Sublingual Calamita Z et al. Meta-analysis Beneficial but effect not large

immunotherapy Allergy (109)

in children
II Nasal Olivieri M, J Investig Randomized, not placebo Onset of bronchial asthma

immunotherapy Allergol Clin Immunol controlled

2000 (125)

Antihistamines Ib Terfenadine Ciprandi G, Allergy Randomized, double-blind, Decrease respiratory symptoms

1999 (71) placebo controlled and allergic inflammation
Ib Cetirizine ETAC study group, Randomised, double blind, Reduction in development of

Ped Allergy Immunol placebo controlled asthma

1998 (116)
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patients that are affected by only one of these disorders. Until
now, these patients are clinically classified independently of
each other and a possible evolution from one disease to the
other is usually neglected. There is much heterogeneity in the
definitions of rhinitis employed by epidemiologists, physicians
and researchers. Standardization of definitions and methods of
classification are urgently needed.
The natural history of rhinitis and asthma, the chronology of
events, the parameters that favour the development of rhinitis,
asthma or both is poorly explored, making the categorization
of patients highly variable between studies. No guidelines are
available for the systematic evaluation and comparison of dif-
ferent studies of the link between rhinitis and asthma.
For effective diagnosis and management of rhinitis, even if
specific IgE antibody determination is a necessary step for
diagnosis (51), there is a clear need to develop new diagnostic
tools for early categorization of airway allergic patients.
Development and validation of novel in vitro testing methods
(52) and measurements of new inflammatory parameters or
markers of remodelling are needed to allow better labelling of
patients with only rhinitis, only asthma and subjects with both
rhinitis and asthma. Such precise classification will permit test-
ing of novel hypotheses concerning the relationship between
rhinitis and asthma.

III. TREATMENT OF RHINITIS AND ASTHMA
Finally, there is evidence suggesting that co-morbid allergic
rhinitis is a marker for asthma resistant to treatment and wors-
ened asthma outcomes (53). It highlights the potential for
improving asthma outcomes by following a combined thera-
peutic approach to co-morbid allergic rhinitis and asthma
rather than targeting each condition separately.
Clinical trials represent an important source of information for
investigating the impact of rhinitis on asthma. By targeting one
organ and acting on one specific phase of the pathomech-
anism, some important information could be collected.

III.a. Does rhinitis treatment influence the course of asthma?

An adequate treatment of allergic rhinitis in asthmatics has
been shown to improve asthma symptoms (54-57), pulmonary
function tests (55) and to reduce costs (58). The risk of emer-
gency room treatment or hospitalisations (59), exercise-induced
asthma (60) or bronchial hyperesponsiveness (61,62) were also
shown to have reduced.
Furthermore, inadequately controlled allergic rhinitis in asth-
matic patients can contribute towards increasing asthma exac-
erbations and poorer symptom control, which may increase
medical resource use (63). The treatment of allergic rhinitis
reduces the number of asthma-related hospitalisations and
emergency department visits (64-66).

III.a.1. Antihistamines

Oral H1-antihistamines represent the first-line treatment of
allergic rhinitis and must not be considered as first-line treat-

ment in asthma. However, some studies with antihistamines
have found a modest effect on asthma symptoms (67-71). In
most of the studies evaluated, antihistamines were administrat-
ed at higher than recommended doses and whereas symptoms
improved, objective measures including pulmonary function
tests and/or peak flow rates were often unchanged (72-76). In
general, whereas antihistamines may reduce peak seasonal
wheezing associated with associated severe rhinitis symptoms,
these drugs are not recommended for the treatment of asthma
(77-79) and inhaled corticosteroids and long-acting bronchodila-
tors must be preferred.
In patients with allergic rhinitis and concomitant asthma, ceti-
rizine relieves upper and lower respiratory tract symptoms (77).
Desloratadine therapy improved allergic rhinitis, and the early
bronchial response (80), asthma symptoms and reduced the
need for beta-agonists (81) whilst not altering pulmonary func-
tion in patients with concomitant seasonal allergic rhinitis and
asthma (82). In addition, desloratadine was as effective as mon-
telukast in reducing symptoms associated with asthma (83).
Finally, treatment with levocetirizine decreased both symp-
toms and improved quality of life (Rhinasthma questionnaire)
in patients with persistent allergic rhinitis and asthma (84).
Prolonged therapy over 6 months with levocetirizine reduced
co-morbidities including asthma in patients with persistent
allergic rhinitis and improved rhinitis-specific quality of life (85).
The effects of the novel agents ebastine and rupatadine have
yet to be tested in bronchial asthma in double-blind, placebo-
controlled studies.

III.a.2. Intranasal glucocorticosteroids

Intranasal treatment with glucocorticosteroids (GCS) has been
found to moderately improve asthma in some but not all stud-
ies (86-92).
A recent review identified a trend for a beneficial effect in
asthma but no firm conclusions could be drawn (93).
Importantly, a recent Cochrane Airways review concluded that
since AR and asthma patients treated with intranasal GCS did
not show appreciable differences compared with patients who
were not treated, the combination of intranasal plus intra-
bronchial corticosteroids should remain the current clinical
practice pending more research (94).
Nasal beclomethasone prevented a seasonal increase in
bronchial responsiveness in patients with allergic rhinitis and
asthma (95,96). A number of aspects, such as the extent to which
the pathophysiology of the two diseases overlap, and whether
treating one will affect the other, remains to be clarified.
Triamcinolone acetonide nasal spray blocked the increase in
bronchial hyperreactivity to metacholine after high-load natur-
al pollen exposure in children with seasonal allergic rhinitis (97)

and markers of lower airways inflammation (98). Treatment of
allergic rhinitis with intranasal glucocorticosteroids significant-
ly reduced the level of cys-LTs, a major marker of lower airway
inflammation, in exhaled breath condensate (99).
Although it has been suggested that some patients with asth-
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ma and rhinitis can be controlled by use of nasal medication
(100), cross-sectional analysis of the effectiveness of nasal corti-
costeroids on asthma outcomes may result in considerable
exaggeration of the protective effect of these medications in
preventing severe asthma exacerbations (101).

III.a.3. Oral glucocorticosteroids

Oral glucocorticosteroids are highly effective in the treatment
of rhinitis and asthma but their long-term use for this indica-
tion is restricted by severe side effects.

III.a.4. Leukotriene modifiers

Leukotriene modifiers were shown to be effective in control-
ling the symptoms of mild to moderate asthma and the symp-
toms of rhinitis (102), and the use of asthma and rhinitis medica-
tion is reduced (103). However, a large number of patients from
2-3 studies was needed to show a 5% difference from placebo
that is clinically of limited value.

III.a.5. Immunotherapy

Specific immunotherapy is effective for patients with perennial
allergic rhinitis with asthma, and improves significantly their
lung function (104). It can halve the clinical score and reduces
bronchial hyperreactivity (105-107). Immunotherapy for 3 years
with standardized allergen extracts of grass and/or birch
showed long-term clinical effect and had a preventive effect on
development of asthma in children with seasonal rhinocon-
junctivitis (108). Finally, a recent Cochrane analysis concluded
that sublingual immunotherapy is beneficial for asthma treat-
ment, albeit the magnitude of the effect is not very large (109).

III.a.6. Other therapies

Omalizumab, an anti-IgE medication, was shown to be effec-
tive in preventing asthma exacerbations in patients with con-
comitant asthma and persistent allergic rhinitis (110). However,
clinical applications are limited by the high cost of this medica-
tion and nowadays, it cannot be considered as first-line therapy.

III.b. Does asthma treatment influence the course of rhinitis?

Less is known about the effects on nasal disease from inhaled
(intra-bronchial) treatment with glucocorticosteroids. A study
examined the effects on nasal allergic disease of inhaled
budesonide (avoiding nasal deposition of the drug) in patients
with seasonal allergic rhinitis but without asthma (111). During
the birch pollen season, budesonide reduced the seasonal
eosinophilia both in the circulation and in the nose and pro-
duced an attenuation of seasonal nasal symptoms. Nasal and
systemic anti-eosinophil actions are produced at commonly
employed dose levels of orally inhaled budesonide.
Theophylline was found to reduce nasal inflammation (112). It
was also observed that theophylline can reduce bronchial
hyperresponsiveness in patients with allergic rhinitis (113).
However, no controlled data exist concerning the therapeutic
effect of this drug on nasal symptoms.

A high percentage of asthmatics have coincidental rhinitis and
so treatment for asthma that is also beneficial for rhinitis
would be applicable to many patients with asthma. Such
approaches include humanized monoclonal antibodies against
IgE, drugs inhibiting eosinophilic inflammation or inhibiting
allergic inflammation.

III.c. Can an adequate treatment of rhinitis prevent the allergic

march?

The prevention effect of pharmacological treatment of allergic
rhinitis on seasonal asthma is highly controversial (114) and
more data are needed to fully appreciate this effect.
In infants with house dust mite or grass pollen sensitisation,
treatment with antihistamines may exert a prophylactic effect
on asthma onset. In the ETAC® (Early treatment of the atopic
child) trial, a multi-country, double-blind, randomised, place-
bo-controlled trial, when considering the total group of chil-
dren, no significant difference was visible but cetirizine halved
the number of patients developing asthma in the subgroups
sensitised to grass pollen or to house dust mite (115).
Children with pollen allergy were treated for allergic rhinitis in
an open trial of three-year specific immunotherapy or allergy
vaccination. Results indicate that allergen vaccination with
grass or tree pollen may reduce the development of asthma in
children with allergic rhinitis (116,117). Treatment with allergen
immunotherapy could lower the risk of the development of
new asthma cases in adults with allergic rhinitis (118). In routine
clinical practice, specific immunotherapy could, in some way,
slow the march of allergy (119-122). This should also be the case
for sublingual immunotherapy in children (123) or adults (124)

with allergic rhinoconjunctivitis. The working mechanisms
leading to this remain unclear including the characteristics of
patients susceptible to be good responders.

III.d. In asthmatics with allergic rhinitis, is a combination of ther-

apies more effective than a single therapy?

It has been shown that loratadine plus pseudo-ephedrine
improved nasal and asthma symptoms, pulmonary function
and quality of life in patients with seasonal allergic rhinitis and
concomitant mild asthma (125).
In patients with persistent asthma treated with fluticasone pro-
prionate/salmeterol, the addition of montelukast or fluticasone
proprionate aqueous nasal spray for the treatment of seasonal
allergic rhinitis resulted in no additional improvements in
overall asthma control compared with fluticasone proprion-
ate/salmeterol alone (126). The association of a nasal steroid
(budesonide) with a leukotriene modifier (zafirlukast) was
more effective for controlling nasal symptoms and especially
bronchial symptoms than the association of a nasal steroid
(budesonide) with antihistamines (loratadine) with pseu-
doephedrine (127). In patients with pollen-induced rhinitis and
asthma, the combination of intranasal and inhaled glucocorti-
costeroids (fluticasone) is needed to control the seasonal
increase in nasal and asthmatic symptoms (128).
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Several controlled studies suggest that combination therapy
with antihistamines and antileukotrienes may be as effective as
corticosteroid use in patients with allergic asthma and seasonal
allergic rhinitis (129,130). There is evidence in favour of the use of
anti-leukotrienes to treat asthma and also rhinitis but more
data are needed to fully evaluate their full potential. Moreover,
the combination of anti-leukotriene and H1-antihistamine pro-
duces a predominant inhibition of allergen-induced allergy and
late-phase airway obstruction in asthmatics (131). In asthmatics
with allergic rhinitis, a combined treatment approach that
included montelukast and budesonide provided significantly
greater, but limited efficacy in reducing airflow obstruction
when compared with doubling the dose of budesonide (132).
However, complementary cost analyses are needed before sup-
porting such a strategy and also direct comparisons with alter-
native strategies such as the addition of a theophylline or a
long acting inhaled bronchodilator in terms of effect size and
cost.

III.e. What questions remain?

As reported above, the major studies have focused on the pos-
sible influence of rhinitis treatment on the future course and
outcome of bronchial asthma. Data analysing the inverse rela-
tionship are more fragmented. Furthermore, no specific treat-
ment is proposed for patients combining rhinitis and asthma.
They are usually treated for both conditions independently
with the exception of allergen immunotherapy which has been
shown to be effective for both conditions and no general thera-
py is usually prescribed. The duration of treatment also
requires further evaluation.
The possible interaction between local treatments for upper
and lower airways is poorly explored and no clear guidelines
are available for adapting treatment options in concomitant
rhinitis and asthma. Whether or not treating rhinitis improves
asthma per se, it is important to recognise and treat rhinitis in
patients with bronchial asthma because this improves their
symptoms and quality of life, whether or not the asthma
improves. Finally, only limited data exists for the possible pre-
ventive role of early treatment of atopic children in the devel-
opment of clinical rhinitis and asthma, whereas the early indi-
cations from long term studies of allergen immunotherapy in
children with rhinitis are encouraging.

CONCLUSIONS
Epidemiological surveys have highlighted important clinical
associations between rhinitis and asthma and have also identi-
fied both genetic and environmental factors that may influence
disease development. Basic research has demonstrated the
numerous similarities in inflammatory and remodelling patho-
mechanisms. New models are required to enable better differ-
entiation of patients suffering from rhinitis and asthma.
Clinical trials with current medications for rhinitis and asthma
have provided new insights on the complex link between rhini-
tis and asthma.
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