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Inflammatory processes affecting nasal and bronchial mucosa are
similar in nature. The purpose of this study was to examine whether
children with perennial allergic rhinitis, without underlying asthma,
have impaired pulmonary function. We also investigated whether nasal
corticosteroids and loratidine would improve the pulmonary function
tests of those children with impaired lung function. Fifty subjects with
moderate/severe persistent allergic rhinitis due to exclusively dust mite
sensitization and no past medical history suggestive of asthma were
assessed. The control group consisted of 26 matched healthy subjects.
Subjects with airway obstruction, as detected by forced expiratory
volume/1 s (FEV1) or forced expiratory flow from 25/% to 75%
(FEF;5_75) values <80% of those predicted, were treated with lor-
atidine, once a day for 10 days, and daily nasal budesonide for

3 months. We found that 11 of 50 patients (22%) with perennial allergic
rhinitis had impaired pulmonary function (FEF,5_75 values <80%),
compared to 1/26 (3.8%) of the control group (p < 0.05). Reversibility
was observed in 9/11 (81.8%), mean 24.7% =+ 10.3%. Within 3 months
of treatment, 7/10 had FEF,s_75 > 80% of their predicted values as
well as significant improvements in their FEV1 (p = 0.04), and FEV1/
FVC (p = 0.04). We conclude that a substantial proportion of children
with perennial allergic rhinitis have diminished FEF ,5_-5 values and
reversible airway obstruction. Nasal corticosteroids improve the pul-
monary function tests of these children with impaired lung function.
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of children and adults), avoid participation in

bronchial mucosa are similar in nature. Hence,
their response to pharmacologic and immuno-
logic interventions are similar (1). Epidemiologic
data attest to the interrelationship between
asthma and allergic rhinitis (AR). The majority
of patients with asthma present seasonal or
perennial allergic symptoms and up to 40% of
patients with allergic rhinitis also have asthma
(2). The impact of concomitant AR and asthma
on the quality of life is noteworthy. Such patients
frequently complain of sleep disturbances (79%

leisure activities and sports (75% of children and
adults), and report poor concentration in school
(73% of children) and disruptions in their social
engagements (51% of children) (3). Additionally,
flares of AR may precipitate additional asthma
attacks and aggravate the underlying asthma
symptoms. Allergic rhinitis is regarded as a risk
factor for the development of asthma, especially
in the presence of bronchial hyperresponsiveness
(BHR) (4-7). Patients with underlying AR are
three times more likely to develop asthma when
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compared with normal subjects (8). Children
who develop rhinitis within the first year of life
are twice more likely to develop asthma than
children who develop rhinitis later in life (2, 9)
The presence of bronchial inflammation in non-
asthmatic patients with seasonal allergic rhinitis
is well-established (10, 11). Recently, Ciprandi
et al. investigated the presence of bronchial
hyperactivity and spirometric abnormalities in
adults with perennial allergic rhinitis who were
not diagnosed with asthma. They found that
48% of these individuals had reduced forced
expiratory flow from 25% to 75% of pulmonary
volume (FEF,s5_;5) values and that 5% of the
patients demonstrated reduced values of forced
expiratory volume/l s (FEV;). Additionally,
72% of the aforementioned patients had a posi-
tive methacholine challenge (12). To the best of
our knowledge these findings have not been
described in children. We therefore conducted a
study to examine whether children with perennial
allergic rhinitis without known underlying asth-
ma have impaired lung function. We also inves-
tigated the effect of nasal corticosteroids and
loratidine on pulmonary function tests (PFTs).

Subjects and methods

Fifty children with moderate/severe persistent
AR and with no past medical history suggestive
of asthma were recruited from our outpatient
allergy clinic. Twenty-seven males and twenty-
three females ages 617 yr (mean 12.0 £ 2.7 yr)
were included in the study. A detailed clinical
history and complete physical examination,
including allergy evaluation, were performed.
Individuals with a history of wheezing, dyspnoea,
chest tightness, or those previously treated with
anti-asthma medications were excluded from the
study. Additional exclusion criteria included:
previous or current treatment with immunothera-
py, previous or current treatment with intranasal
or oral corticosteroids within 4 wk, or prior use
of leukotriene modifier. The diagnosis of moder-
ate/severe persistent AR was made in accordance
with the ARIA (allergic rhinitis and its impact on
asthma) guidelines, referring to nasal symptoms
more than 4 days a week for more than 4 wk and
one or more of the following items present: 1.
sleep disturbance 2. impairment of daily activit-
ies, leisure and/or sport 3. impairment of school
or work 4. troublesome symptoms (13). Sensiti-
zation restricted to house dust mite was estab-
lished by performing skin-prick reactivity to
common inhaled allergens, in conjunction with
positive and negative controls, 1 mg/ml hista-
mine and 0.9% w/v saline, respectively (ALK
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ABELLO Port, Washington, NY, USA). The
panel consisted of house dust mite (dermatoph-
agoides farine and pteronyssinus), mixed weeds
(Pigweed, Lambs quarters, Sagebrush, Plaintain,
Nettle, Wall pellitory, Cocklebur), mixed grass
(Bermuda, Jhonson, Orchard, Timothy) mixed
trees (Olive, Cypress, Pecan, Oak, Acacia,
Cottonwood, Casuarina) mixed molds (Clados-
porium, Alternaria, Aspergillus), dog, cat and
cockroach extracts. Reactions to the allergens
were read after 15 min. Mean diameters were
calculated as the mean of the widest diameter and
the perpendicular diameter measured at its mid-
point. Wheals with a mean diameter 23 mm than
those of the negative control were considered
positive reactions (14). We chose patients with
exclusive house-dust mite sensitizations since we
wanted the cohort group to have a perennial
antigen stimulation not significantly affected by
change of seasons, vegetation and infectious
etiologies. The control group consisted of 26
matched healthy subjects, without medical his-
tory suggestive of asthma or allergic diseases, 12
boys and 14 girls, ages 6-17 yr (mean age
11.4 £ 4 yr). Spirometry was performed by
using a computer-assisted spirometer with an
optoelectronic whirl flow meter as described by
ERS (15). In subjects in whom an airway
obstruction was present, as detected by FEVI
or FEF ,5_75 values <80% of those predicted, a
bronchodilatation test was performed after
10-20 min with 400 ug salbutamol meterd dose
inhaler via aerochamber. Bronchoconstriction
was considered reversible in cases in which the
FEV1 or FEF ,s_;5 increased by at least 12%
from baseline after administering the bronchodi-
lator. Patients with abnormal PFTs were treated
with loratidine (Teva), 5-10 mg once a day for (a
total) of 10 days, and daily nasal budesonide
(Teva) 1 puff (100 pg) in each nostril twice a day
for 3 months. PFTs were assessed monthly dur-
ing the study period. During the study period no
other anti-asthmatic or anti-allergic medications
were given. The study was approved by our
Hospital’s Ethics committee.

Statistical analysis

The comparison between the means values of
pulmonary function of the difference groups were
performed using paired ¢-test and within the
groups by paired ¢-test. Chi- squared test was
used to asses the different in the prevalence of
abnormal PFTs between patients with persistent
rhinitis and the healthy control group. Differ-
ences were considered significant if p-values
were < 0.05.



Results

There was a significantly higher percentage of
subjects with abnormal lung function in the
group of patients with persistent rhinitis when
compared to the healthy control group (22% vs.
3.8%, p < 0.05, respectively). The demograph-
ics and PFTs of patients with persistent rhinitis
vs. the healthy controls are displayed in Table 1.
Patients with persistent rhinitis were divided
into two groups on the basis of their PFTs:
Group 1 consisted of 11 patients with impaired
pulmonary function, FEF,s_;5 values <80%.
One of the patients also had FEV; < 80%.
Group 2 was comprised of individuals with
PFTs within the normal range. The demo-
graphic and PFTs of groups 1 and 2 are
summarized in Table 2. All subjects in group 1
(rhinitis and impaired pulmonary function) were
given 200 ug salbutamol. Reversibility was
observed in 9/11 (81.8%), mean 24.7 + 10.3%
(Fig. 1). Ten of the eleven patients received
loratidine, 5-10 mg once a day for a total of
10 days, and daily nasal budesonide 1 puff twice
a day for 3 months. One patient was lost to
follow-up. Subjects were evaluated every month
in the outpatient clinic where spirometry was
performed. Within 3 months, 7/10 had
FEF,5_75 > 80% of their predicted values

Table 1. Demographics and pulmonary function tests of children with allergic
rhinitis vs. control group

Contrals Children allergic
Characteristic (n = 26) rhinitis (n = 50) p-value
Mean age (yr) 114 +40 120+ 27 N.S
Age range (yr) 6-17 6-17
Female/male 14/12 23/27 N.S
FEV,* 93+8 95 +9N.S
FvC* 96 + 11 99 + 11 N.S
FEF;5_75" 105 + 22 97 +18 0.06
FEF,5_75/FVC* 1.11+£02 098 +02 0.02

*(% of predicted) mean + s.d.

Table 2. Characteristics of children with allergic rhinitis with normal and
abnormal pulmonary function tests (PFTs)

Children with Children with
Characteristic normal PFT (n = 39)  abnormal PFT (n = 11)  p-value
Mean age (yr) 11.9+29 123 +24 N.S
Age range (yr) 6.3-17 76 +16.3
Female/male 17/22 6/5 N.S
FEV,* 979+9 87 +6 0.001
FvC* 99 +12 100+ 7 N.S
FEF,5_75% 104 + 13 72+2 <0.0005
FEF25_75/FVC* 1.0+ 01 073+0 <0.0005

*(% of predicted) mean # s.d.
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Fig. 1. Reversibility of airway obstruction of children with
persistent allergic rhinitis and abnormal pulmonary func-
tion. FEF ,5_75 following salbutamol metered dose inhaler

(200 pg).
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Fig. 2. FEF ,5_75 of children with persistent allergic rhinitis
and abnormal pulmonary function at baseline and after
treatment with daily nasal budesonide (3 months) and
loratidine (10 days).

(Fig. 2) as well as significant improvements in
their FEVI1, and FEV1/FVC (Fig. 3). In two of
the three remaining patients, after the study
period, the addition of montelukast (MSD) to
the above pharmacologic regimen resulted in
attaining an FEF25_;5 > 80% of predicted
values. Although a significant improvement in
FEF ,5_;5 was observed in all patients in group
1, their FEF,s_;5 was still lower than those
of their counterparts with rhinitis and normal
lung function 86.7 £ 11.8 vs. 105.5 + 12.7,
p = 0.0003, respectively (Fig. 4).

Discussion

The notion that AR and allergic asthma are two
manifestations of one syndrome affecting differ-
ent regions of the respiratory tract is widely
reported in the literature. As such the two
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Fig. 3. Pulmonary function tests of children with persistent
allergic rhinitis and abnormal pulmonary function at base
line and after treatment with daily nasal budesonide
(3 months) and loratidne (10 days).
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Fig. 4. Comparison of FEF ,s ;5 values among children
with persistent allergic rhinitis and normal pulmonary
function tests, healthy controls, and children with persistent
allergic rhinitis and abnormal pulmonary function tests
following treatment with daily nasal budesonide (3 months)
and loratidine (10 days).

conditions share a common immunopathology
and pathophysiology (1, 16, 17). Recently, inves-
tigators have found evidence in support of the
bi-directional effects of the lower and upper
airways. In patients with AR, the exposure of the
nasal muscosa to an allergen may precipitate
bronchial eosinophilia with up-regulation of
various adhesion molecules (18). Similar findings
were found in the nasal mucosa when allergen
was directly administered to the lower airways
through a bronchoscope (19). It appears that
local inflammation in the nose or lungs triggers a
systemic inflammation whereby T helper type 2
lymphocytes (which secrete interleukin (IL)-4,
IL-5, IL-9 and IL-13) migrate to the bone
marrow. Subsequently, these lymphocytes stimu-
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late production and recruitment of inflammatory
cells to the inflamed target tissues, which may
exacerbate the inflammation in both upper and
lower airways (20). These findings offer a plaus-
ible explanation for the high co-morbidity that
exists between AR and allergic asthma. We
found that 22% (11/50) of our patients had
reduced values of FEF,5_;5 and one of them had
also reduced FEV,. Our results are consistent
with those observed in adult studies (12).
FEF,5_;5 is considered as a marker of small
airway dysfunction and may be the only abnor-
mal pulmonary finding among asthmatic patients
with a normal FEV; (21-23). It should be
emphasized that its measurement is independent
of the subject’s respiratory effort and as such is
especially valuable in the evaluation of individ-
uvals who lack the necessary coordination for
pulmonary testing (24). Although FEV; is con-
sidered the main parameter in the evaluation of
bronchial obstruction, the underlying inflamma-
tion of the small airways, yet to be completely
understood, also plays a role in the patho-
physiology of asthma (25).

Previous studies in adults have demonstrated
that in patients with allergic rhinitis there is good
correlation between low values of FEF,5_;5 and
BHR, an important feature of asthma (12, 26,
27). Cuttitta et al. demonstrated that in children
BHR is significantly associated with persistent
allergic rhinitis and higher total IgE levels (28). It
was found that patients with rhinitis and BHR
are at a risk for the development of asthma (29,
30, 31). Additionally there is a significant associ-
ation between FEF,s_;5/FVC ratio and airway
reactivity and sensitivity. Subjects with lower
FEF,s_75/FVC ratio had higher airway reactivity
and sensitivity to methacholine (32, 33). Notably,
in our study, patients with AR had lower
FEF,5_75/FVC ratio compared to the healthy
controls (p = 0.02). Moreover among the
patients with allergic rhinitis, those with abnormal
PFTs compared to those with normal PFTs,
attained significantly lower values of their
FEF,s_75/FVC (p < 0.0005) (Table 2). Given
the abnormal pulmonary function observed
among patients with allergic rhinitis and airway
reversibility, one may speculate that these indi-
viduals are at risk of developing asthma. It
remains to be seen whether early anti-inflamma-
tory intervention of such individuals will attain
normal PFTs.

Among 7/10 patients with AR and impaired
PFTs, the combined use of a corticosteroid nasal
spray with a short course of antihistamine raised
their FEF,5_-5 values to normal values. After the
study period, two other patients necessitated



additional intervention, namely the addition of
montelukast to achieve normal FEF,s_-s values.
Interestingly, although treatment achieved
FEF,5_75 values >80% of predicated, these
values still remained significantly lower than
those with normal FEF;5_75 values
(p < 0.001). The improvement in FEF,s_;5 in
conjunction with the patients decrease in allergic
rhinitis symptoms may be explained by factors
affecting lower airway dysfunction namely
diminished postnasal drip, nasal bronchial reflex,
oral breathing and most importantly decreased
nasal inflammation. This decreased nasal inflam-
mation might prevent the development of inflam-
mation of the lower airways by reducing the
systemic allergic reaction and by the direct effect
on bronchial inflammatory cells secondary to
systemic availability of nasal corticosteroids (34,
35). Additionally, previous clinical studies dem-
onstrated that intranasal corticosteroids in
patients with mild asthma and allergic rhinitis
improved BHR to methacholine, exercise and
clinical asthma symptoms (36-38). Treatment
with antihistamines also improved asthma symp-
toms and PFTs (39). It was also found that
allergic rhinitis and eczema is related to more
severe asthma (40). These findings reinforce the
importance of treating allergic rhinitis in patients
with asthma.

Several limitations to our study should be
mentioned. The number of subjects is limited,
especially the subgroups receiving treatment (10
patients). There was no control group as all
patients attending our outpatient clinical war-
ranted pharmacologic treatment. Finally, we
believe that these patients should have long-term
follow- up to see whether or not they develop
clinical asthma.

Our findings raise additional questions war-
ranting further research. For example, to what
degree are children with reduced FEF,5_75 values
at increased risk of developing clinical asthma in
the future? Additionally, is local nasal treatment
sufficient to prevent the development of abnor-
mal PFTs or might superior treatment outcome
be achieved through a combination of preemp-
tive corticosteroid, leukotriene receptor antago-
nists or allergen desensitization.

Conclusions

A substantial proportion of children with peren-
nial allergic rhinitis have diminished FEF,s5_;s
values and reversible airway obstruction. Short-
term nasal corticosteroid significantly improved
the FEF ,5_;5 values among such patients. These
findings might suggest that individuals with

Abnormal spirometry in allergic rhinitis

perennial allergic rhinitis and diminished FEF
»5_75 values have their PFTs checked periodically
and should be encouraged to adhere to their
prescribed treatment.
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