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Bronchial hyperreactivity 
and spirometric impairment 

in patients with allergic rhinitis
I. Cirillo1, A. Vizzaccaro1, M.A. Tosca2, S. Negrini3, 

A.C. Negrini4, G. Marseglia5, G. Ciprandi6

Introduction

Allergic rhinitis is characterised by an inflam-
matory response of the nose induced by an IgE-
mediated reaction following allergen exposure [1].

Several studies demonstrated a close associa-
tion between allergic rhinitis and asthma [2, 3, 4,
5]. In addition, we previously reported that 77%
of conscripts with respiratory allergy suffered
from asthma associated with allergic rhinitis [6).
Moreover, allergic rhinitis has been demonstrated
to be a strong risk factor for the onset of asthma in
adults [7].

Asthma is characterised by a reversible airflow
obstruction and forced expiratory volume/1 second
(FEV1) is considered the main parameter to evalu-
ate bronchial obstruction [8]. Nevertheless, there is
increasing interest in the consideration of the in-
volvement of small airways in the pathogenesis of
asthma [9]. Even though, there is no direct para-
meter able of assessing small airways, it has been
assumed that the forced expiratory flow at the 25
and 75% of the pulmonary volume (FEF25-75)

might be considered as a measure of the caliber
concerning distal airways [10]. Particularly, sub-
jects with mild asthma and normal FEV1 may
show impaired FEF25-75 only [11].

On the other hand, bronchial hyperreactivity
(BHR) is a paramount feature of asthma. More-
over, BHR may be observed in a proportion of
rhinitics [12]. In this regard, it has been hypothe-
sized that a positive bronchial challenge to metha-
choline could be considered as predictive for those
rhinitics would progress to develop asthma [13].
BHR was reported both in patients with perennial
allergic rhinitis and in subjects with seasonal aller-
gic rhinitis [14]. In addition, a seasonal variability
in BHR was described in subjects sensitized to
pollens [15]. Very recently, we demonstrated that
48% of patients with perennial allergic rhinitis
alone showed initial bronchial obstruction, as pro-
vided by reduced FEF25-75 values, [16] and 72% of
them had positive methacholine challenge [16].

On the basis of these considerations, we hypo-
thetised that rhinitics may present different spiro-
metric and BHR patterns both concerning etiology
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Background: The Link between allergic rhinitis and
asthma is well known. Bronchial hyperreactivity (BHR)
may be present in rhinitics. The present study is aimed at
evaluating a large group of subjects suffering from aller-
gic rhinitis alone to investigate the presence of spirometric
impairment and BHR both during and outside the pollen
season.

Methods: 360 rhinitics (subdivided in 3 groups: sea-
sonal, SAR, perennial, PAR, and polysensitized, PolysR)

were investigated by spirometry and methacholine chal-
lenge.

Results: There was a significant seasonal difference con-
cerning the number of rhinitics with impaired FEV1 (p<0.01
for SAR, p<0.02 for PAR, and p<0.03 for PolysR) and FEF25-75
(p<0.05 for SAR, p<0.03 for PAR, and p<0.05 for PolysR) as
well as with BHR (p<0.05 for SAR and p<0.03 for PAR).

Conclusions: This study evidences that an impairment
of spirometric parameters and BHR may be observed in
patients with allergic rhinitis alone. Thus, careful evalua-
tion of lower airways should be performed in patients with
allergic rhinitis alone.
Monaldi Arch Chest Dis 2005; 63: 2, 79-83.
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and allergen exposure. Thus, we evaluated a large
group of patients with allergic rhinitis alone, subdi-
viding them in 3 groups: patients with perennial al-
lergic rhinitis (PAR), with seasonal allergic rhinitis
(SAR), and with allergic rhinitis due to polysensiti-
zation (PolysR). Thus, we aimed at investigating
the presence of BHR and spirometric abnormalities
in these patients both during and outside the pollen
season. Therefore, this study may be considered
new and original concerning both large number of
patients and timing of observation.

Materials and methods

Study design

The study was performed during and outside
the pollen season. To evaluate spirometric abnor-
malities and the presence of BHR in patients with
pure allergic rhinitis, we included subjects with
sensitisation to pollens, perennial allergens or both
kinds of allergens. We excluded all the subjects
who met the following exclusion criteria: asthma
symptoms, including cough, wheezing, dyspnoea,
and shortness of breathing, previous or current
smoking, acute upper respiratory infections and
use of nasal or oral corticosteroids, and antihista-
mines within the previous 4 weeks.

The study was approved by the Navy Hospital
Institutional Review Board and an informed con-
sent was obtained from patients.

Subjects

Three hundred sixty rhinitic patients were
prospectively and consecutively evaluated, all
males, age 26.7 ± 5.3 years. All of them were
Navy soldiers who referred to Navy Hospital for
periodic fitness visit. A detailed clinical history
and a complete physical examination, including al-
lergy evaluation, were performed. The diagnosis
of allergic rhinitis was made on the basis of a his-
tory of nasal symptoms and positive skin prick test
as described elsewhere [6].

All of them were evaluated performing both
spirometry and methacholine bronchial challenge
both during and outside pollen season.

The patients were included in the study on the
basis of a clinical history of allergic rhinitis alone.

All patients had to be sensitised and on the ba-
sis of the kind of sensitisation we subdivided them
in three groups:
a) 120 subjects sensitised to pollens only, SAR

group;
b) 120 subjects sensitised to perennial allergens

only, PAR group;
c) 120 subjects sensitised both to pollens and

perennial allergens, PolysR group.
The most relevant pollen allergens are in our

geographic area: Parietaria officinalis, grasses,
olive tree, birch, and hazel [6].

The most important perennial allergens are in
our geographic area: house dust mites (i.e. Der-
matophagoides farinae and pteronyssinus), cat and
dog [6].

Skin prick test

It was performed, as stated by the Italian Soci-
ety of Allergy and Clinical Immunology [17]. The
panel consisted of: house dust mites (Der-
matophagoides farinae and pteronyssinus), cat,
dog, grasses mix, Compositae mix, Parietaria of-
ficinalis, birch, hazel, olive tree, Alternaria tenuis,
Cladosporium, Aspergilli mix (Stallergenes, Mi-
lan, Italy).

Spirometry

It was performed by using a computer-assisted
spirometer (COSMED, Eurasem, Italy), with opto-
electronic whirl flow meter. Spirometry is per-
formed as stated by ERS [18], using the European
Community for Steel and coal (ECSC) reference
equations.

If an airway obstruction was present as detect-
ed by FEV1 values less than 80% of the predicted,
a test of bronchodilatation was performed using a
salbutamol metered dose of 200 mcg. Reversibili-
ty was considered if an increase of at least 12% of
FEV1 from baseline was achieved, according to in-
ternational guidelines [19].

Methacholine bronchial challenge

It was performed to evaluate BHR only if basal
FEV1 was equal or more than 80% of predicted.
Aerosol is delivered using a dosimetric comput-
erised supply (MEFAR MB3, Marcos, Italy). Sub-
jects inhaled increasing doses of methacholine,
starting from 34 µg/mL. The scheduled doses con-
sisted of the following: 34, 68, 68, 68, 68, 170,
170, 340, 170, 340, 170 µg/mL as previously re-
ported [6, 16].

The test was interrupted when FEV1 value was
reduced by more or equal than 20% of control or a
maximal cumulative dose of 1,590 µg/ml was
achieved. The threshold dose causing a 20% fall of
FEV1 (PD20/FEV1) was calculated.

Statistical analysis

Statistical analysis was performed using Χ
square test, calculating confidential limits of the
relative risk at 95%. Differences were considered
significant if p values were <0.05. Data is present-
ed as means + standard deviation.

Results

All rhinitics were consecutive subjects for
each group, meeting the inclusion and exclusion
criteria, and agreeing to join the study.

No adverse event was reported during the
study.

During pollen season findings

Spirometry: Four SAR patients, 5 PAR, and 6
PolysR showed FEV1 value less than 80% of the
predicted (figure 1). It has to be mentioned that all
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of them were completely symptomless for com-
plaints concerning lower airways. A bronchial re-
versibility was achieved in all subjects.

Then, we evaluated the distribution of the pa-
tients considering FVC values and FEF25-75 values
(figure 2). Eight SAR patients, 7 PAR patients, and
7 PolysR patients showed impaired FVC values
(i.e. <80% of predicted). Seventeen SAR patients,
29 PAR patients, and 28 PolysR patients showed
reduced FEF25-75 values (i.e. <80% of predicted).

Methacholine bronchial challenge: it was
performed in rhinitics with FEV1 values > 80% of
predicted. Sixty-five SAR patients, 92 PAR pa-
tients, and 79 PolysR patients showed a positive
methacholine challenge (figure 3).

PD20/FEV1 methacholine: the means + sd
were: 352 + 331 mcg/mL in SAR patients, 268 
+ 205 mcg/mL in PAR patients, and 242 + 220 in
PolysR patients (figure 4).

Outside pollen season findings

Spirometry: No SAR patient, 15 PAR, and 12
PolysR showed a FEV1 value less than 80% of the
predicted (figure 1). Five SAR patients, 10 PAR,
and 5 PolysR showed reduced FVC values. Eleven
SAR patients, 38 PAR, and 34 PolysR showed im-
paired FEF25-75 values (figure 2).

Methacholine bronchial challenge: Fifty-
five SAR patients, 96 PAR, and 91 PolysR showed
a positive methacholine challenge (figure 3).

PD20/FEV1 methacholine: the means + sd
were: 448 + 427 mcg/mL in SAR patients, 210 
+ 192 mcg/mL in PAR patients, and 220 + 210 in
PolysR patients (figure 4).

During versus outside pollen season findings

Spirometry: There was a significant differ-
ence concerning the number of rhinitics with ab-
normal FEV1 values:
– SAR group 4 vs 0 (p<0.01),
– PAR group 5 vs 15 (p<0.02),
– PolysR group 6 vs 12 (p<0.03).

Fig. 1. - FEV1 values (as % of predicted) during (white bars) and out-
side (grey bars) the pollen season in patients with seasonal allergic
rhinitis (SAR), in polysensitised rhinitics (PolysR), and in patients
with perennial allergic rhinitis (PAR).

Fig. 2. - FEF25-75 values (as % of predicted) during (white bars) and
outside (grey bars) the pollen season in patients with seasonal allergic
rhinitis (SAR), in polysensitised rhinitics (PolysR), and in patients
with perennial allergic rhinitis (PAR).

Fig. 3. - Percentage distribution of BHR positive patients during (grey
bars) and outside (white bars) the pollen season in patients with sea-
sonal allergic rhinitis (SAR), in polysensitised rhinitics (PolysR), and
in patients with perennial allergic rhinitis (PAR).

Fig. 4. - Means + sd of PD20/FEV1 methacholine during (grey bars)
and outside (white bars) the pollen season in patients with seasonal al-
lergic rhinitis (SAR), in polysensitised rhinitics (PolysR), and in pa-
tients with perennial allergic rhinitis (PAR).
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No significant difference was demonstrated for
FVC values.

Concerning FEF25-75 values, there was a sig-
nificant difference between the two observation
times:
– SAR group 17 vs 11 (p<0.05),
– PAR group 29 vs 38 (p<0.03),
– PolysR group 28 vs 34 (p<0.05).

Methacholine bronchial challenge: There
were significant differences concerning the mean
methacholine PD20/FEV1 in:
– SAR group (p<0.05),
– PAR group (p<0.03).

Discussion

Allergic rhinitis and asthma should be consid-
ered as a single syndrome involving two parts of
the respiratory tract [20]. The pathophysiology of
allergic rhinitis is similar to that of asthma and
their responses to pharmacological and specific
immunological interventions are comparable (21).
Allergic rhinitis may contribute to worsen asthma
through different pathophysiologic mechanisms:
post-nasal drip, nasal-bronchial reflex, oral breath-
ing, and systemic allergic inflammation [19].

Allergic rhinitics frequently present a non-spe-
cific BHR even in absence of asthmatic symptoms.
In these subjects with normal FEV1 values, BHR
may be envisaged as a marker of susceptibility to
develop asthma.

Thus, we aimed at investigating a larger group
of patients with allergic rhinitis, considering the
kind of sensitisation and the period of observation
(i.e. both during and outside the pollen season).

The present findings suggest some considera-
tions concerning the link between upper and lower
airways and the variations of respiratory parame-
ters consequent on allergen exposure.

Firstly, evaluating a large cohort of subjects
with allergic rhinitis alone, it is possible to single
out some subjects with overt bronchial obstruction,
as documented by impaired FEV1 values, both dur-
ing and outside the pollen season. These patients
may be considered as “poor perceiver” of their low-
er respiratory symptoms. In fact, all of them had a
normal life playing different sports without trouble.
In addition, they never felt lower respiratory symp-
toms nor diagnosis of asthma has been made. In ad-
dition, it has to be highlighted that no subject be-
longing to SAR group showed overt bronchial ob-
struction outside the pollen season. This issue con-
firms the close relationship between pollen expo-
sure and asthma appearance in those patients. On
the other hand, the number of patients with overt
bronchoconstriction was more evident in PAR and
PolysR goups outside the pollen season. This re-
mark is related to increased amount of mites during
the fall-winter period. Thus, there is a close rela-
tionship between the level of allergen exposure and
bronchial airflow impairment.

Secondly, most of our rhinitics showed BHR.
This finding is not surprising if compared with lit-
erature analysis. Even in this case, the relationship
between the period of allergen exposure and BHR

is demonstrated. The exposure to allergens is char-
acterised by nasal inflammation as previously de-
scribed by us [22]. This concept may be consistent
with consequent bronchial inflammation [23]. The
PD20/FEV1 methacholine significantly increased
outside the pollen season in SAR patients and in
PAR group. This point further remarks on the close
connection between BHR and allergen exposure.

Thirdly, considering the evaluation of FEF25-75
parameter we demonstrated that some rhinitics
show an initial level of bronchial obstruction. It is
noteworthy that this percentage diminishes outside
the pollen season in SAR patients, but does not
completely disappear. This issue is consistent with
the concept that chronic bronchial inflammation as
well as BHR may persist also in absence of aller-
gen exposure. Moreover, in PAR and PolysR pa-
tients this parameter appears more impaired out-
side the pollen season, confirming other data.

This data, taken together, highlights the link
between upper and lower airways also in patients
with allergic rhinitis alone.

Therefore, our data suggests that a new diag-
nostic approach should be carried out also in the
patients with allergic rhinitis by carefully assess-
ing lower airways. Thus, all rhinitics, even in ab-
sence of history suggesting for asthmatic symp-
toms, should be evaluated performing spirometry.
Bronchial methacholine challenge may be consid-
ered as supplemental examination to achieve a
more exhaustive evaluation in rhinitics. Moreover,
rhinitics should be carefully followed up to evalu-
ate the possible onset of asthma.

In conclusion, our study underlines the fre-
quent coexistence of bronchial impairment and
BHR in those patients with allergic rhinitis alone
and supports the strong link between upper and
lower airways.
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