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Nasal involvement in allergic asthma

airways will be discussed.

Even since the late 19th century, a relationship has been suspected between
upper airway disease and the subsequent development or aggravation of asthma
symptoms. To date, it has been generally accepted that pathologic conditions of
the upper airways, e.g. allergic rhinitis, chronic sinusitis and nasal polyposis,
may influence the lower airways. However, the mechanisms underlying this
relationship were, for a long time, poorly understood. Recently, evidence has
been accumulating which indicates a systemic connection as one of the
responsible mechanisms in nasobronchial crosstalk. In this review, the patho-
physiologic and immunologic aspects of the interaction between upper and lower
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The key to the diagnosis lies in taking a good medical
history. This rule especially applies to upper airway
disease, e.g. allergic rhinitis, nasal polyposis and chronic
sinusitis, and asthma. These conditions have in common
that they are often underdiagnosed and are not given
proper treatment (1, 2).

Allergic asthma is characterized by a history of
episodes of cough, dyspnea, shortness of breath, chest
tightness and wheezing, in combination with variable
bronchoconstriction and/or bronchial hyperresponsive-
ness (BHR) (3, 4).

Allergic rhinitis is primarily based on a typical history
of sneezing, rhinorrhoea, eye symptoms and nasal
obstruction. As in allergic asthma, the atopic status
needs to be confirmed (3, 5-7). In perennial rhinitis,
chronic nasal obstruction can sometimes be the only
symptom, which makes it difficult to confirm the
diagnosis. The diagnosis of seasonal allergic rhinitis is
less disputable, the symptomatology and seasonal occur-
rence are characteristic and have been well established for
many years.

Sinusitis is an inflammatory process that involves
mucous membranes of both nose and sinuses (2, 8). This
explains why the term ‘rhinosinusitis’ is widely used.
Sinusitis may be acute or chronic — the latter is frequently

Abbreviations: BHR, bronchial hyperresponsiveness; CT, computer
tomography; FEV|, forced expiratory volume in 1 s; IL, interleukin;
SBP, segmental bronchial provocation; VCAM-1, vascular cell
adhesion molecule-1.

associated with lower airway symptomatology (9, 10).
Chronic sinusitis is clinically defined as symptoms (head-
ache, discharge and nasal blockage) that last for more
than 8 weeks or take place during more than four
episodes a year (2).

Nasal polyposis is also regarded as a chronic inflam-
matory condition of the sinonasal mucous membrane.
Polyps originate from a few square centimetres around
the ostia of the ethmoidal sinuses and protrude into the
nasal cavities leading to persistent nasal obstruction and
loss of smell (2, 11).

The distinction between allergic asthma and upper
airway disease may be difficult to make as symptom
perception is widely variable; lung function can be normal
in mild asthmatics and, although BHR is a constant
feature of asthma, it is also frequently present in allergic
rhinitis, nasal polyposis, and sinusitis (10-12).

Prevalence

In Europe, the prevalence of asthma has increased more
than twofold in the last two decades and now affects
between 10 and 15% of the adult population (13). The
prevalence of rhinitis has also increased considerably
being three times higher than that of asthma (14).
Allergic rhinitis and asthma frequently occur together.
Almost 40% of the allergic rhinitis patients have lower
airways involvement, whereas >80% of the allergic
asthma patients have concomitant rhinitis symptoms
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(15, 16). The latter percentage gets close to 95% when a
careful nasal history is taken and physical examination is
performed (1).

Sinusitis and nasal polyposis are conditions that need
to be taken into account. In the general population, the
prevalence of sinusitis is 15-18% (2) and of nasal
polyposis 2—4% (8). Chronic sinusitis and nasal polyposis
are associated with asthma. Recent reports have demon-
strated that approximately 30% of patients with nasal
polyposis have asthma (11), while nasal polyposis is
present in almost 10% of the asthma patients. The
association between chronic sinusitis and asthma is even
stronger: over 50% of patients with sinus disease have
asthma (17, 18) and up to 90% of patients with mild-to-
moderate asthma have abnormal computer tomography
(CT) findings of the paranasal sinuses (9). In patients with
severe asthma, sinonasal involvement even approximates
100% (9).

Risk factors for asthma

Allergic rhinitis is regarded as a risk factor for the
development of asthma, especially in the presence of
BHR, (19, 20). Bronchial hyperresponsiveness and
atopy are presumably co-inherited and associated with
asthma (21). Patients with allergic rhinitis have a three
times greater chance than normal subjects of developing
asthma, regardless of the atopic status of the patient
(22). Nasal polyposis (11) and chronic sinusitis (18) are
also frequently accompanied by asymptomatic BHR.
Although allergic rhinitis may exacerbate nasal polypo-
sis and sinusitis, atopy, by itself, does not seem to play
an important role in the pathogenesis of both conditions
(8, 23). This stresses the importance of asymptomatic
BHR as a risk factor for asthma, although other
factors, such as atopy, may also contribute to this
relationship (24).

Mucosal inflammation

It has been well-established that allergic rhinitis and
asthma are characterized by a similar inflammatory
process (25-29). Tissue ecosinophilia and mast cell
degranulation are characteristic findings in allergic
inflammation, but are also present in nasal polyposis (8)
and, to a lesser extent, in chronic sinusitis (2). The
eosinophil is a source of leukotriens, prostaglandins,
platelet activating factor, cytokines and cytotoxic pro-
teins, which can be released upon stimulation and are
toxic to the airway epithelium.

The primary response to an allergic (30) or irritating
(31) stimulus takes place in the target organ and is
generally more severe in patients with allergic rhinitis and
asthma than in patients with only rhinitis (30). The
primary response is initially local, but followed by a more
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generalized airway reaction. The latter includes nasal and
pulmonary symptoms, decreased airway patency and the
development of an inflammatory infiltrate, dominated by
eosinophils and T-lymphocytes (32-34).

Leukocyte migration is dependent on the expression
of cytokines, chemokines, and adhesion molecules (35,
36). Several studies have stressed the importance of
interleukin (IL)-5 and eotaxin for the chemotaxis of
eosinophils in mucosal tissue (37-39) and blood (40, 41).
Up-regulation of vascular cell adhesion molecule-1
(VCAM-1), an adhesion molecule with a certain eosi-
nophil specificity, results in firm leukocyte-endothelial
adherence and trans-endothelial migration of leukocytes
along a chemotactic gradient (35). The role of the mast
cell in asthma has also been subject to renewed interest.
Mast cells are present in increased numbers in the
smooth muscle of asthmatic patients and are related to
BHR (42).

Although eosinophilia in bronchial mucosa is regarded
as one of the hallmarks of allergic asthma (43), this may
not be a very specific finding. Also, in allergic rhinitis
patients without asthma, signs of allergic inflammation
have been found in induced sputum (44, 45), broncho-
alveolar lavage fluid (46, 47) and bronchial biopsies (48).
Likewise, eosinophilic infiltration was present in the
upper airways of asthmatic patients without nasal com-
plaints (49). Although it is clear that the condition of the
upper airways influences the lower airways, the mecha-
nisms underlying this relationship are far from being
understood.

Mechanisms of interaction

It has been suggested that several mechanisms could play
a role in lower airway dysfunction among patients with
rhinitis: i.e. altered breathing pattern, pulmonary aspir-
ation of nasal contents, the nasal-bronchial reflex and
uptake of inflammatory mediators in the systemic circu-
lation (50).

Impaired nasal function

The nose and lungs are anatomically and physiologically
closely-related organs. The nose acts as a filter and air-
conditioner, therefore protecting the lower airways.
Pathologic conditions of the nasal mucosa hamper these
functions, which leads to increased exposure of the lower
airways to allergens. In susceptible persons, this may lead
to inflammatory changes and an increase in BHR. Several
authors have demonstrated that surgical treatment of
chronic rhino-sinusitis and nasal polyposis in asthmatic
patients improved their asthmatic status (51, 52), sug-
gesting that improvement of nasal function results in
better asthma control. Inhalation of cold air was associ-
ated with a decreased forced expiratory volume in I s



(FEV)) in asthmatic patients, while, as long as nasal
breathing was maintained, this effect could be prevented
(53). However, no difference was seen between patients
with nasal polyposis, responsive or unresponsive to
topical steroids, with regard to decrease in FEV, (54).
Although nasal mucosal swelling in asthmatic patients
leads to reduced ability to condition air, the decrease in
nasal airway patency is not always related to airway
symptoms (55, 56). In patients allergic to cats, no
enhanced asthmatic response to cat allergen was demon-
strated after blocking the nose with a nose-clip (57).
Moreover, the degree of nasal blockage was not found to
be related to changes in BHR (58). Therefore, the
contribution of preferential mouth breathing to the
development of asthma remains uncertain.

Postnasal drip

The ‘mucociliary escalator’ is another important mech-
anism in modulating airway condition through the
removal of inhaled particles: all cilia in the nose,
Eustachian tube, paranasal sinuses and the tracheobron-
chial tree, beat towards the pharynx. Particles trapped in
the mucus layer are transported to the pharynx by the
mucus escalator. In allergic rhinitis and sinusitis, nasal
secretions, containing inflammatory cells and mediators,
may be aspirated and could, therefore, be responsible for
lower airways involvement (10, 50).

However, aspiration occurs only in patients with
decreased consciousness and cough reflexes, and it is
not likely to play a role in normally functioning human
airways. Patients with chronic sinusitis showed no
evidence of pulmonary aspiration after installation of
radioactive tracer in the maxillary sinus (59). Nasal
secretions are mainly swallowed and neutralized in the
stomach. Moreover, inhalation studies with radiolabeled
allergens have shown no deposition of allergen in the
lungs after nasal allergen application (58). This mechan-
ism definitely needs more extensive study.

The nasobronchial reflex

Afferent sensory innervation in the nose is carried by the
trigeminal nerve and efferent parasympathetic fibers are
part of the vidian nerve in the nose. The lower airways
receive afferent and efferent innervation through the
vagal nerve. In the bronchi, the parasympathetic nerves
regulate smooth muscle tone (60). Mechanical or chem-
ical stimulation of receptors in the nose, trachea, larynx
or elsewhere in the respiratory tract may produce
sneezing, coughing or bronchoconstriction to prevent
deeper penetration of allergens or irritants into the
airways.

Although exposure of the nasal mucosa to cold dry
air can result in immediate bronchoconstriction and
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BHR in asthmatic patients (61-64), no direct effect on
FEV; could be detected after nasal allergen challenge
(58, 65, 66). Corren et al. demonstrated increased BHR
30 min after nasal provocation, suggesting a role for a
nasobronchial reflex mechanism (58). However, as
increased BHR was still present after 4.30 h, other
pathways, such as the systemic circulation, are more
likely to contribute to the interaction. This is in line with
findings that nasal allergen provocation may have a
direct effect on bronchus symptoms, but that peak
expiratory flow starts to decline only after 4-6 h in
allergic rhinitis patients (34). Moreover, bronchial pro-
vocation in allergic rhinitis patients results in mast cell
degranulation after 24 h, but not after 1 h (67). This
suggests that neural reflex mechanisms have only a
minor contribution to immunologic processes in naso-
bronchial interaction.

The systemic circulation

Blood cosinophilia is a frequent finding in allergic rhinitis
(33, 45) and asthma (27, 42, 68). Nasal provocation with
methacholine in asthmatic patients with rhinitis resulted
in an increase in lower airway resistance that could be
blocked by premedication of nasal mucosa with pheny-
lephrine, suggesting a role for systemic mediators in the
induction of lower airway resistance (69). Furthermore,
studies in animals (40, 41, 70, 71) and patients with
allergic rhinitis, asthma and other atopic diseases (35, 72,
73) have consequently shown a rise in circulating inflam-
matory cells and progenitors after allergen inhalation
followed by recruitment to sites of allergic inflammation.
CD34+ cells, capable of eosinophil differentiation, are
also present in significant numbers in nasal polyposis,
implying a role for hemopoietic mechanisms in nasal
polyposis, as well (74). The association between sinusitis,
blood eosinophils and lower airway inflammation, which
has been demonstrated by ten Brinke et al., suggests that
asthma is not just a local disorder but more a systemic
disease (18).

The number of blood eosinophils and the concentration
of serum-IL-5 (Fig. 1) increased in allergic subjects after
natural (30) and experimental allergen exposure (33, 34).
In contrast, levels of eosinophil cationic protein were
elevated only locally and not systemically after allergen
exposure, indicating that eosinophils become activated in
the airway mucosa (30). After nasal provocation in
allergic rhinitis patients without asthma, VCAM-1 and
E-selectin were up-regulated on nasal and bronchial
endothelium, coinciding with global airway eosinophilia
(34).

Although other mechanisms i.e. neural reflexes, pul-
monary aspiration and mouth breathing — may contribute
to nasobronchial interaction, these recent data provide
ample evidence for the existence of a systemic pathway
(Fig. 2).
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Figure 1. The concentration of human IL-5 and the number of
eosinophils in the peripheral blood before (Ty) and 24 h (T,y)

after segmental bronchial provocation (SBP) in allergic rhinitis
patients and control subjects (redrawn from data in ref. 33).
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Figure 2. The systemic circulation as an important pathway in
the interaction between upper and lower airways (Adapted from
Braunstahl GJ, Curr Opin Pulm Med 2003;9:46-51).

Airway inflammation and clinical expression

Bronchial hyperresponsiveness and chronic mucosal
inflammation are considered important features of aller-
gic asthma. Although several studies have pointed
towards a relationship between bronchial inflammation
and BHR (44, 75), others have failed to detect a
relationship (45, 76, 77). In fact, the presence of bronchial
inflammation in nonasthmatic atopic patients, even in the
absence of any airway symptoms at all (Fig. 3A),
challenges the direct relationship between the presence
of inflammatory cells, in particular eosinophils, and BHR
(78). Therefore, the threshold above, which an allergic
response is initiated in the bronchi in daily life is probably
higher in patients with allergic rhinitis than in those with

1238

Lower airway involvement in
atopic patients
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Figure 3. Numbers of eosinophils (major basic protein) (A) and
thickness of reticular basement membrane (RBM) (B) in the
bronchial mucosa. Abbreviations used: HC = healthy control
subjects; NANR = atopic subjects, no asthma, no rhinitis;
RNA = allergic rhinitis, no asthma; A + R = allergic asthma
and rhinitis. *P < 0.05, **P < 0.01 (compared with HC)
(redrawn from data in ref. 78).

clinical asthma. Beckey Kelly et al. demonstrated in a
bronchoprovocation model that the dose required to
initiate comparable clinical responses was significantly
lower in patients with asthma than in patients with
allergic rhinitis without asthma (79). Moreover, the size
of the inhaled allergen, as well as the duration and
severity of the allergen exposure, could also affect the
clinical manifestation (80). On the contrary, some
patients with allergic rhinitis and asthma have such a
poor perception of nasal (56) and bronchial symptoms
(81) that this may also partly explain the discrepancy
between mucosal inflammation and clinical expression.

Acute vs chronic inflammation

Eosinophil and mast cell degranulation may be relevant
in the distinction between the chronic and the acute phase
of the disease (82). Eosinophilic and basophilic infiltra-
tion in the lower airways have long been associated with
the severity of asthma (27, 83, 84). Also, nasal allergic
inflammation is generally related to clinical expression of
seasonal allergic rhinitis (85, 86) and tends to be more
severe in rhinitis patients with concomitant asthma (78).
Few studies have investigated the allergic response in
perennial allergic rhinitis patients. They show that mu-
cosal eosinophilia is less marked in perennial than in
seasonal disease and usually not related to symptom
expression (87). Allergen provocation studies in nose and
lung support these findings. These studies demonstrated
persistent inflammation up to 2 weeks after allergen
provocation, long after symptoms had disappeared (88,
89). We propose that acute inflammation is related to
nasal and/or pulmonary symptoms and influences airway
caliber through the release of a variety of mediators. The



relationship between chronic inflammation and clinical
disease is, however, less straightforward. Generalized
airway eosinophilia is a feature of both allergic rhinitis
and asthma and not related to clinical severity in stable
disease (78). The presence of inflammatory cells per se in
mucosal tissue may, therefore, only be footprints of
previous immunologic activity.

Mucosal inflammation and airway remodeling

In both asthmatic and nonasthmatic atopic subjects,
structural changes are present in the lower airways
(Fig. 3B), but usually not in the nose. Eosinophils have
long been regarded as the cause of structural changes in
the airway mucosa, as they are a source of degranulation
products cytotoxic to the epithelial cells. Increased loss of
bronchial epithelium has demonstrated to be present in
asthmatic patients compared with nonasthmatic control
subjects (90). However, epithelial desquamation is not
frequently seen in the upper airways, despite a similar
inflammatory pattern (28, 78, 91).

Thickening of the bronchial reticular basement mem-
brane because of subepithelial collagen deposition is
considered to be another important feature of allergic
asthma. It has been demonstrated that the degree of
basement membrane thickening was related to disease
severity in asthmatics (92). However, increased basement
membrane thickness has also been found in recently
diagnosed mild asthmatic disease (93) and in nonasth-
matic allergic subjects (94) as well as in nasal polyposis
(95, 96). It seems unlikely that reticular basement
membrane thickening is important in the pathophysiol-
ogy of allergic rhinitis and chronic sinusitis. In nasal
mucosa, no difference in reticular basement membrane
thickening was seen between rhinitis patients and healthy
controls (78). The role of subepithelial vascularity in the
pathophysiology of asthma is also still controversial.
Several reports have been published stating that vascu-
larity in asthmatic airways is increased compared with
normal controls and correlated with the severity of
asthma (97-99), but other reports failed to detect such a
relationship (78, 100).

In contrast to the poor relationship between local
inflammatory and structural factors in nasal and bron-
chial mucosa, systemic factors, such as number of blood
eosinophils and atopy severity, were associated with more
extensive airway disease (Fig. 4) (78, 101, 102).

Clinical studies

Although accumulating evidence underlines the influence
of nasal pathology on the control of asthma (103), both
conditions are still treated as separate disorders. Few
studies have investigated the effect of nasal treatment on
asthma. Topical treatment with intranasal corticosteroids

Nasal involvement in asthma
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Figure 4. Local and systemic factors (A: mucosal inflammation,
B: airway remodeling, C: severity of atopy, and D: blood eosi-
nophilia) in perennial allergic patients and their (lack of) rela-
tionship (—/+) to clinical manifestations in nose and lungs
(overview based on data from ref. 78).

reduces lower airway symptoms and decreases BHR in
allergic rhinitis patients with seasonal asthma (104-107).
In one study, delivery of beclomethasone to the nose had
an even greater effect on BHR than delivery of the same
dose via the oral route (108).

Chronic sinusitis and nasal polyposis are also consid-
ered to be inflammatory conditions, which make topical
steroids a rational option for treatment. Corticosteroids
can have an effect on signs and symptoms in both
disorders and are an alternative for nasal surgery (2, 53,
74, 109).

The systemic link between allergic rhinitis and asthma
provides a rationale for systemic treatment. Systemic
agents, such as leukotriene receptor antagonists, proved
to have an additional therapeutic effect on asthma (110,
111) and may be significant in inflammatory upper airway
disease, as well (112). Also, anti-IgE antibodies are
promising tools in asthma and rhinitis therapy. Anti-
IgE treatment has proved to be effective in asthma, as it
reduced symptoms, asthma exacerbations and the need
for steroids (113, 114). Its usefulness in allergic rhinitis
particularly as a steroid-sparing agent — has yet to be
determined. Despite the benefit of antihistamines and
cromoglycates in seasonal allergic rhinitis, the effect on
lower airways is still doubtful (115). Avoidance of
inhalant allergens (116) and immunotherapy (117) may
be effective for both asthma and rhinitis on a long-term
basis.

Future directions

It is clear that there is close interaction between upper
and lower airways. Nasal therapy can influence lower
airway symptoms in asthmatic patients with concomitant
upper airway pathology. However, the effect of nasal
therapy on bronchial inflammation and aspects of airway
remodeling is still unexplored. The observation that
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allergic rhinitis and sinusitis are ubiquitous in allergic
asthma, and that both conditions are accompanied by
bronchial inflammation, stresses the importance of such
clinical trials.

Also, the question remains to be solved concerning the
causes of the discrepancy between upper and lower
airways with regard to airway remodeling. As the
inflammatory pattern is very similar in nose and bronchi,
it is still not clear, which inflammatory factors are
responsible for the development of airway remodeling
in the lower airways. We speculate that intrinsic factors in
the bronchial airway epithelium or local repair mecha-
nisms including myofibroblasts may contribute to the
different responses of upper and lower airways to airway
stimuli.

Conclusions

The relationship between nasal pathology and asthma has
been well established in epidemiologic studies and clinical
trials. The mechanisms of nasobronchial interaction have
for a long time been subject to speculation. To date, most
recently published data are in favor of a systemic
pathway, involving bloodstream and bone marrow. What
eventually determines the clinical phenotype in allergic
airway disease is still not completely understood. Gener-
alized airway inflammation is present in patients with
allergic rhinitis, sinusitis and nasal polyposis, even in the
absence of clinical asthma. Whether these subjects repre-
sent a group at risk for the development of asthma
requires further study.
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