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While it is well known that asthma is characterized by airway remodelling, only few studies have
investigated this issue in patients affected by allergic rhinitis (AR). The aim of the present study is to
investigate functional and structural consequences of long-lasting persistent AR (PER) in a cohort of
adolescents. Eighty patients, forty with short-lasting and forty with long-lasting PER were prospectively
and consecutively evaluated both clinically and by performing skin prick test, nasal cytology, and
rhinomanometry. Eosinophils were significantly higher in patients presenting with long-lasting PER
rather than in those with short-lasting PER (P<0.0001). The degree of inflammation was significantly
associated with impaired nasal airflow (r = -0.81). This study provides evidence that adolescents with
long-lasting PER may show a progressive worsening of nasal function depending on the inflammation.

Allergic rhinitis (AR) is characterized by
typical symptoms, the most important being nasal
obstruction, which is actually dependent on allergic
inflammation (1). Nasal obstruction may be roughly
evaluated subjectively, by the perception of air
passage throughout the nose, and objectively, by
measuring the nasal airflow through rhinomanometry
(2). It has been highlighted that allergic inflammation
markers, such as Th2-type cytokines and nasal
cosinophils, correlate well with nasal airflow
limitation (3). AR has been recently re-classified
by the ARIA (Allergic Rhinitis and its Impact on
Asthma) workshop (4). The new classification
of “intermittent” (ITR) and “persistent” rhinitis
(PER) considers symptom duration (days/week
and consecutive weeks), symptom severity (mild or

moderate-severe), and impact on quality of life.

Moreover, AR is a common chronic disorder and
is frequently associated with asthma as underlined
by the ARIA document (4). It is acknowledged that a
batch of structural changes marks asthma, as they are
encompassed within the term “airway remodeling”;
these changes include epithelial disruption, goblet
cell hyperplasia, mucus gland hypertrophy, enhanced
airway collagen deposition, airway myofibroblast
transformation, increased matrix protein deposition,
and smooth muscle hypertrophy and hyperplasia
(5).

Nevertheless, some recent reviews pointed out
the paucity of studies conceming the evaluation of
structural changes in AR (6-8): in fact, even though
all of them concemn the morphologic issue, none has
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actually investigated functional changes. Therefore,
the purpose of this cross-sectional study is to relate
functional and structural consequences of long-lasting
persistent AR (PER) in a cohort of adolescents.

MATERIALS AND METHODS

Study design

Eighty adolescents (44 males and 36 females)
with persistent allergic rhinitis were prospectively and
consecutively evaluated. Their mean age was 16.4 years,
with a minimum age of 14 and a maximum of 18 years.
A detailed clinical history was taken and a complete
physical examination was carried out.

To be enrolled in the study patients were required
to have moderate or severe nasal obstruction. Patients
reporting concomitant or past asthma symptoms (one
or more of: persistent cough, wheezing, dyspnoea, and
shortness of breathing, either diurnal or nocturnal) were
excluded. Subjects with acute upper respiratory infections,
anatomic nasal disorders (i.e. septum deviation), nasal
polyps, and patients using nasal or oral corticosteroids or
decongestants, antileukotrienes and antihistamines within
the previous 4 weeks were also excluded.

A history of nasal symptoms and positive results to
skin prick test were sufficient in order to make a diagnosis
of AR, according to validated criteria (8).

Nasal scraping and rhinomanometry were performed
in all subjects. The study was approved by the Institutional
Review Board and informed consent was obtained from
both parents of each patient.

Subjects.

Patients were recruited on the basis of disease
duration: the first group included patients presenting
with short-lasting rhinitis (disease lasting for no more
than | year) (n=40) and the second one included patients
presenting with long-lasting rhinitis (disease lasting for at
least 8 years) (n=40).

Symptoms

The “nasal obstruction” symptom was assessed
through questions asked by the investigator and evaluated
on the following scale: 0= absent, 1 =mild (symptom
was present but was not annoying nor troublesome),
2 = moderate (symptom was frequently troublesome but
did not interfere with either normal daily activity or sleep),
and 3 = severe (symptom was sufficiently troublesome to
have interfered with normal daily activity or sleep).

Skin prick tests )
Allergy was assessed by skin prick test; the subjects

were considered as allergic in the presence of sensitization
to the most common classes of aeroallergens. The test was
performed as stated by the European Society of Allergy
and Clinical Immunology (9).

Nasal cytology

Nasal cytology was obtained by scraping the inferior
turbinate head with a cotton swab, as described in
previous reports (4-5).

Rhinomanometry

Nasal airflow was measured by active anterior
electronic rhinomanometry (ZAN 100 Rhino Flow Handy
II, ZAN, Messgeraete Gmbh, Germany) according to
validated criteria (3, 6-7). Nasal airflow was considered
as the sum of recorded airflow through the right and left
nostrils, measured in milliliter per second at a pressure
difference of 150 Pa across the nasal passage.

Statistical analysis and data definitions

Comparison of qualitative variables between the two
groups of subjects (patients presenting with short-lasting
versus long-lasting rhinitis) was made by chi-square test.
Comparison of quantitative variables between two groups
of subjects (patients with short-lasting versus long-lasting
rhinitis) was made by means of the non-parametric
Mann-Whitney U test, as the parameters were not
normally distributed. Correlation between quantitative
variables was evaluated by means of the non-parametric
Spearman’s correlation coefficient (ry).

All tests were two sided and in order to be considered
statistically significant, the p-value had to be inferior to
0.05. The package “Statistica release 6” (StatSoft Corp.,
Tulsa, OK, USA) was used to carry out all the analyses.

RESULTS

Eighty adolescents, 40 with short-lasting and
40 with long-lasting rhinitis, were included in the
study.

As shown in Fig. 1, the number of nasal
eosinophils was significantly higher (median: 16.5)
in patients with long-lasting rhinitis compared to
patients with short-lasting rhinitis (median: 12)
(P<0.0001). Nasal airflow values were significantly
inversely correlated with nasal eosinophils either
when evaluated in short-lasting rhinitis (r.=-0.83) or
when evaluated in patients with long-lasting rhinitis
(r=-0.81) (Fig. 2, pancl A and B).

Moreover, median nasal airflow values were
significantly lower in the long-lasting group when
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Fig. 1. Number of nasal eosinophils in adolescents with
long-lasting and short-lasting persistent allergic rhinitis.

compared with the short-lasting one (348 ml/sec and
466 ml/sec respectively, p<0.0001).

DISCUSSION

Allergic rhinitis is characterized by an
inflammatory response that causes the occurrence
of symptoms. In particular, nasal obstruction
constitutes the symptom that expresses the most
allergic inflammation, as it may be considered the
key symptom in patients presenting with AR (11).
Nasal obstruction may be evaluated both subjectively
by symptom scoring and objectively by assessing
airfflow with rhinomanometry (2). Nasal airflow
limitation may be reversible and the degree of
recovery is associated to the grade of inflammation,
for example, severe inflammation being characterized
by a poor response to the test (10).

Allergic inflammation depends on allergen
exposure and it persists until the patient inhales
allergens, even though symptoms may not appear,
in case of the so-called “minimal persistent
inflammation” (12). The cascade of chronic
inflammatory events determinates the occurrence of
structural changes which are more evident in lower
airways where they have been deeply investigated.

Some recent reviews analyzed the features of
airway remodeling in AR (6-8). Epithelial disruption
and desquamation is poorly present in the nasal
epithelium of patients with AR. Moreover, it seems
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Fig. 2. Relationship between the number of nasal
eosinophils and nasal airflow in adolescents with short-
lasting (panel A) and long-lasting (panel B) persistent
allergic rhinitis.

that there is some pseudo-thickening of the reticular
basement membrane caused by collagen and fibrous
protein deposition; nevertheless, this is true to a
minor extent if compared to asthma (8). As for
blood vessels, two recent studies provide evidence
of increased expression of angiogenic markers in
patients with pollen AR (13-14). Therefore, the most
recent review concludes that airways remodeling
exists in rhinitis, but it seems to be far less extensive
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than in asthma (8). On the other hand, no study has
investigated the morpho-functional consequences of
nasal remodeling, while we have proof of it for the
asthma model.

As a very recent study provided evidence
that the duration of AR, as well as house dust
mite sensitization, is a relevant risk factor for
the worsening of FEV, (15), our study aims to
evaluate functional and structural consequences
of long-lasting persistent AR (PER) in a cohort of
adolescents.

The first finding shows that the duration of PER
may imply a more consistent inflammation grade,
such as an increased number of nasal eosinophils.

Consequently, a significant limitation of nasal
airflow can be detected in long-lasting PER
patients. It appears evident that PER duration
determines a worsening of nasal function, with a
decrease in air passage throughout nasal cavities,
and nasal inflammation. Indeed, the degree of
nasal inflammation is significantly related to the
impairment of nasal function.

A convincing explanation of this phenomenon
might be associated to the persistence of allergic
inflammation, a typical issue in patients presenting
with PER (12). Chronic inflammation causes a
characteristic anatomic feature: the hypertrophy
of the turbinates. Hypertrophic turbinates are very
frequently detectable in AR patients. An obvious
consequence of turbinate enlargement is the
reduction of nasal cavities which, in turn, causes
airflow limitation.

Therefore, the present study points out the
relevance of the progressive nasal airflow worsening
that may depend on chronic remodeling. In addition,
this phenomenon might be considered as a surrogate
marker of nasal remodeling, mainly if turbinate
hypertrophy is noticed.

In conclusion, this study provides evidence
that adolescents presenting with PER may show a
progressive worsening of nasal airflow, which varies
depending on the duration of the disorder.
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