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Common characteristics of upper and lower airways in rhinitis

and asthma: ARIA update, in collaboration with GA2LEN

The links between the upper and lower airways had been
clinically observed as early as in the beginning of 1800s,
and these interactions were revisited by the Allergic
Rhinitis and its Impact on Asthma (ARIA) Initiative
Workshop (1) held in December 1999. Since then, a large
number of papers on the subject have been published.
The ARIA Scientific Committee prepared an update on
common characteristics of upper and lower airways
disease in rhinitis and asthma so as to:

1 add up new scientific advances;
2 propose recommendations using an evidence-based
model;

3 adapt the recommendations to the needs of all
countries and all populations;

4 critically review whether the major statements of the
ARIA Workshop Report regarding common char-
acteristics of upper and lower airways disease in rhi-
nitis and asthma (2) remain valid.

• Allergic rhinitis is one of the multiple risk factors
identified for asthma development.

• Patients with persistent AR should be evaluated for
asthma.

• Patients with asthma should be properly evaluated
for rhinitis.

• A combined strategy should be used to treat the
upper and lower airways for better efficacy/safety
ratio.

This update aimed to review the new evidence available to support or refute
prior Allergic Rhinitis and its Impact on Asthma (ARIA) statements. A Medline
search of publications between 2000 and 2005 was conducted, with articles
selected by experts. New evidence supports previous ARIA statements, such as:
(i) allergic rhinitis (AR) is a risk factor for asthma; (ii) patients with persistent
rhinitis should be evaluated for asthma; (iii) most patients with asthma have
rhinitis; (iv) a combined strategy should be used to treat the airways and (v) in
low- to middle-income countries, a different strategy may be needed. The
increased risk of asthma has also been found among sufferers from non-AR.
Recent reports show AR is a global problem. Many studies demonstrated par-
allel increasing prevalence of asthma and rhinitis, but in regions of highest
prevalence, it may be reaching a plateau. Factors associated with a reduced risk
of asthma and AR have been identified, confirming previous findings of pro-
tection related to exposure to infections. Treatment of rhinitis with intranasal
glucocorticosteroids, antihistamines, leukotriene antagonists or immunotherapy
may reduce morbidity because of asthma. To take advantage of the paradigm of
unified airways, there is a need to rationalize diagnosis and treatment to optimize
management.
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• In middle- to low-income countries, a specific strategy
may be needed, depending on available treatments
and interventions, as well as their costs.

5 support health policy-makers, in line with the positive
impact ARIA publications have had on health man-
agement decisions is some countries (3).

Objectives

This document updates the ARIA sections on the links
between rhinitis and asthma. Relevant publications
between January 2000 and December 2005 were included.
Complementary and alternative medicine is not evaluated
in this document since it has been published separately (4).
Likewise, an update on pharmacological therapy of AR
was published separately (5). Therefore, in the therapeu-
tical component of the current review we decided to focus
on aspects related to concomitant rhinitis and asthma.
The aim of this review was to present new evidence

related to major ARIA statements, either to support or to
refute them, by bringing the most recent information in
the context of the previous knowledge on this subject.
Additionally, we looked for information that could
potentially lead to novel statements.

Methods

Search strategy

1 Studies were sought from Medline (01-01-2000 to
31-12-2005). Moreover, in case some papers have not
been identified by the electronic search, we also used
the expert group database.

2 The following key words were used for the search
strategy: asthma [AND] rhinitis in title or abstract.
We found 1489 papers indexed.

Selection criteria

1 After screening by title, we had a list of 571 original
papers, whose abstracts were sent to at least two
different co-authors for their expert review on whe-
ther those papers should be included in this review,
according to the following criteria:

• impact on the ARIA Workshop Report (confirm or
modify ARIA recommendations or statements or add
new relevant information) and

• reliable methodology.

After selection of the abstracts by the reviewers, we had
236 original papers. In case of disagreement, the leading

author decided whether to include the paper, which was
finally submitted to approval of all the co-authors.

Only full manuscripts published in peer-reviewed
journals were considered. Abstracts or review papers
were not included.

1 Further selection was performed by the team leader
to restrict the review to the subtopics predefined by
ARIA Scientific Committee as specific for this up-
date, and to exclude papers published in 2000 and
already mentioned in the previous ARIA Workshop
Report.

2 One hundred and eighty original papers remained.
The subtopics recommended were:

• prevalence of asthma in rhinitis and of rhinitis in
asthma;

• rhinitis as a risk factor for asthma;
• costs and pharmaco-economics;
• links between the upper and lower airways in chil-
dren;

• diagnosis of co-morbidities in patients with rhinitis or
asthma in general practices and pharmacies;

• co-morbidities in the developing world;
• treatment of rhinitis improves asthma and
• treatment of asthma improves rhinitis.

A draft of the manuscript was elaborated and all the
reviewers were given the chance to identify any missing
relevant publication within the predefined time frame.
This procedure resulted in the incorporation of comments
on 17 extra papers that had been overlooked in the first
draft. After this point, no further articles were included
and the review work focused on interpretation, state-
ments and style. In conclusion, a final draft was circulated
among all co-authors and the ARIA Review Group*.

The funding source, i.e. the ARIA Initiative, proposed
the review topic, the group of authors and the working
meetings of these experts.

Prevalence of asthma in patients with rhinitis and of rhinitis
in patients with asthma

Numerous publications have addressed the issue of
rhinitis and asthma in various regions of the world.
Many studies looked at factors associated with risk or

*Review group: Nadia Aı̈t-Khaled, Carlos Baena-Cagnani, Jacques

Bouchard, G. Walter Canonica, Yuzhi Chen, Ronald Dahl, Pascal

Demoly, Elisabeth Garcia, Peter G. Gibson, Michael Kaliner, You-

Y. Kim, Marek Kowalski, Yousser Mohammad, Hugo Neffen,

Giovanni Passalacqua, Paul Potter, Jose Rosado-Pinto, F. Estelle

Simons, Ron Tomlins, Osman Youssuf, Erkka Valovirta, Paul Van

Cauwenberge, De Yun Wang, Barbara Yawn, Habib Douagui, Ali

Ben Kheder, Claus Bachert, Jacques Bouchard, Regina Emuzyte,

Marc Humbert, Omer Kalayci, Richard Lockey, Sandra Mavale

Manuel, Robert Naclerio, Klaus Rabe.
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with protection for rhinitis and asthma. However,
the reports were not always unequivocal regarding the
prevalence of asthma in subjects with rhinitis or the
prevalence of rhinitis in subjects with asthma.

Coexistence of asthma and rhinitis

Previous ARIA publications (2) have stated that most
patients with allergic and nonallergic asthma have rhini-
tis, that many patients with AR have increased bronchial
hyper-reactivity (BHR), and that there is a temporal
relationship between the onset of AR and asthma, with
rhinitis often preceding the development of asthma.

1 Quality of life in patients with AR from 850 subjects
recruited in two French centres participating in the
European Community Respiratory Health Survey
(ECRHS) was reported (6). Seventy-eight per cent of
asthmatics had AR. Both asthma and AR, defined
according to questionnaires, were associated with
impairment in quality of life. As asthma was not
found to further impair the quality of life in subjects
with AR for the domains related to mental disability
and well-being, and as subjects with asthma often
suffered from AR, the authors recommended that
further studies on quality of life in asthma should
ensure that the impairment in quality of life attrib-
uted to asthma is not the result of concomitant AR.
To evaluate quality of life in patients having both
rhinitis and asthma, a questionnaire named Rhi-
nasthma has been set up and validated (7).

2 In a randomly selected sample of 3000 children from
80 schools surveyed in north-east England (8) by
means of the International Study of Asthma and
Allergies in Childhood (ISAAC) written question-
naire, rhinitis was reported by 53% of boys and 61%
of girls with asthma. The criteria for definition of AR
and asthma in ECRHS and ISAAC questionnaires
are not exactly the same.

3 Self-reported upper airway symptoms, symptoms of
asthma and Chronic Obstructive Pulmonary Disease
(COPD) were examined in 12 079 adults living in
southern Sweden (9). The response rate was 70%, of
whom 33% had significant nasal symptoms. Signifi-
cant nasal symptoms were reported by 46% of sub-
jects with asthma and 40% of those with COPD.

4 In a study performed in mainland China (10), 10 009
members of 2544 families were selected on the basis
of doctor-diagnosed asthma in two or more siblings.
Although 46.9% of the study participants were sen-
sitized to at least one allergen, only 3.5% of study
subjects reported nasal symptoms consistent with
rhinitis. Among asthmatic subjects, only 6.2% re-
ported nasal symptoms. Whereas sensitization to
perennial aeroallergens was associated with asthma
among families of asthmatic subjects in rural China,
sensitization to silk was the strongest predictor of

rhinitis in this population. These findings suggest that
AR is far less common among asthmatic subjects in
rural China than in asthmatic subjects in industrial-
ized or urban populations with a Western lifestyle.

5 A prospective population-based study performed in
Copenhagen (11) confirmed the epidemiological
interrelationship between AR and allergic asthma.
Individuals who were seen in 1990 (15–69 years old)
were invited to a follow-up interview. A total of 734
subjects were examined on two occasions 8 years
apart. At follow-up, all subjects with allergic asthma
to pollen (n = 52) had also AR to pollen. In the
longitudinal analysis, there were 28 new cases of
allergic asthma to pollen. They all had AR to pollen
at baseline, or had developed AR to pollen at follow-
up. Accordingly, AR to animals and mite were
ubiquitous in subjects with allergic asthma to animals
and mite, respectively.

6 In Italy (12), a survey was conducted on the preva-
lence of rhinitis in preschool children in randomly
selected nursery schools. The ISAAC written ques-
tionnaire was distributed and filled out by parents of
1402 children 3–5 years old. The prevalence of rhi-
nitis in the past 12 months prior to the study was
16.8%. Rhinitic children compared to nonrhinitic
ones presented a significant increase in undiagnosed
asthma (20.8% vs 6.2%), lifetime wheezing (43.2% vs
21.6%) and wheezing in the last 12 months (25.0% vs
9.4%).

7 In the Greek city of Thessaloniki, a study was per-
formed on 2005 children 9–12 years old attending
primary schools (13). The authors used question-
naires and carried out clinical evaluation comple-
mented with provocation tests; they found that 168
(8.4%) of the subjects suffered from AR only, 84
(4.2%) from both allergic asthma and rhinitis con-
currently and 38 (1.9%) from allergic asthma alone.
Although the criteria used for the case definition may
be a matter of debate, we can conclude that, in this
region of low prevalence of asthma and rhinitis, 69%
of allergic asthmatics also had rhinitis, whereas 33%
of children with AR had asthma.

8 An Italian multicentre, cross-sectional survey on
respiratory symptoms in young adults (Italian Study
of Asthma in Young Adults; 14) explored the rela-
tionship between individual risk factors and asthma,
AR and their coexistence. Sixty per cent of asthmatics
reported AR. Subjects with AR presented an eight-
fold risk of having asthma compared to subjects
without AR. The risk of AR without asthma was
significantly higher in the upper social classes.

9 Observations from the Netherlands (15) aimed to
determine the prevalence and severity of AR among
asthmatics patients. Based on history and clinical
symptoms 92% of 164 asthmatic patients were diag-
nosed as having AR.

Common characteristics of rhinitis and asthma
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10 A retrospective multicentre study was conducted in
Europe to characterize the clinical features of patients
with seasonal allergic rhinitis (SAR) with concomi-
tant asthma and to compare them with those in
patients with persistent asthma (16). Patients with
seasonal rhinitis and asthma had a significantly
higher total asthma symptom score compared to
those with asthma only. In particular, cough was
three times more severe. Asthma and nasal symptom
severity scores were correlated in patients with sea-
sonal rhinitis and asthma.

11 A prospective cohort study was conducted in south-
ern France (17) to evaluate seasonal quality of life
modifications in patients with AR with or without
asthma. A total of 135 subjects were included, 83 with
isolated SAR and 52 with associated asthma. The
authors concluded that female gender, living in the
countryside, and having a lower level of education
level were all independent predictors of a poorer
quality of life in seasonal allergic patients.

12 In the ARIA classification, intermittent and persis-
tent rhinitis were proposed to replace seasonal and
perennial AR. To better understand the ARIA clas-
sification of rhinitis, a cross-sectional study was car-
ried out in France in 591 patients consulting
otolaryngologists or allergy specialists for AR and
502 control subjects (18). Ten per cent of patients had
mild intermittent rhinitis, 14% mild persistent rhini-
tis, 17% moderate/severe intermittent rhinitis and
59% moderate/severe persistent rhinitis. Most pat-
ients with intermittent rhinitis had pollen sensitivity,
but 5% were monosensitized to house dust mite. Over
50% of patients with persistent rhinitis were allergic
to pollens or house dust mite. Asthma was present in
24% of patients with rhinitis and in only 2% of the
control population (P < 0.0001). Patients with
moderate/severe persistent rhinitis had the highest
asthma prevalence (33%). The authors concluded
that intermittent and persistent rhinitis are not syn-
onymous to seasonal and perennial rhinitis and that
asthma prevalence increases with the duration and
severity of rhinitis, supporting the major recommen-
dation of ARIA that patients with persistent rhinitis
should be evaluated for asthma.

13 To test the new ARIA classification against the
classical one used in medical practice in France, two
cross-sectional surveys were conducted by Demoly
et al. (19): (i) a spring survey, where 1321 general
practitioners (GP) enrolled 3026 patients consulting
for SAR and (ii) an autumn–winter survey, where
1346 doctors enrolled 3507 patients for perennial AR.
Both doctors and patients filled out a specific quest-
ionnaire on AR. About 43.7% of the patients, classi-
fied by their doctor as seasonal, did in fact have
persistent rhinitis, whereas 44.6% classified as
perennial had intermittent rhinitis.

14 To investigate whether reactivity to aeroallergens in
skin prick testing (SPT) and serum eosinophil cat-
ionic protein levels can be used to predict BHR in AR
patients (20), 59 consecutive patients with AR
underwent methacholine challenge tests. Bronchial
hyper-reactivity was detected in 23 patients (39%).
There was a significant inverse correlation between
PC20 (concentration of inhaled methacoline that in-
duces a 20% reduction in forced expiratory volume in
1 s, FEV1) and the number of positive SPT responses
(r = )0.28; P = 0.03). There was no correlation
between serum eosinophil cationic protein levels and
methacholine PC20 doses. The authors concluded that
AR patients with SPT responses to a higher number
of allergens are more likely to have BHR. Whether
the number of positive SPT responses correlates with
the risk of developing asthma in AR patients remains
to be determined.

15 To evaluate the factors associated with BHR in rhi-
nitis, 410 patients with symptomatic rhinitis had their
FEV1 and forced vital capacity (FVC) measured (21).
In all subjects SPT, a determination of total serum
immunoglobulin E (IgE) and blood eosinophil counts
were also obtained. One hundred and sixty-one
(39.3%) exhibited a methacholine PD20 (dose of in-
haled methacoline that induces a 20% reduction in
FEV1) of 800 mg or less, whereas 249 (60.7%) had a
methacholine PD20 more of 800 mg. Despite the
matched mean values for FEV1 and FVC, subjects
that were hyper-reactive had a lower forced expira-
tory flow between 25% and 75% (FEF25–75%). A
greater proportion of hyper-reactive subjects pre-
sented positive SPT (93.7% vs 67.0%, P < 0.0001),
had higher levels of total serum IgE, higher blood
eosinophil counts and reported increased nasal
obstruction. Logistic regression identified nasal
obstruction and the presence of positive SPT as the
strongest predictors of BHR. Nasal obstruction was
also directly correlated with blood eosinophil counts,
FEF25–75% and having an asthmatic mother.

16 Recent work has investigated whether patients with
AR with or without asthma differed in their degree of
perception of dyspnoea (22). Twenty-nine patients
with SAR were investigated with methacholine chal-
lenges and 14 healthy nonreactive subjects served as
controls. Eighteen patients reported AR only, with-
out asthma symptoms. Of these, 12 (67%) were
hyper-reactive to methacholine. Eleven subjects had
both rhinitis and asthma symptoms. Patients with
rhinitis and asthma reported significantly more
dyspnoea per per cent fall in FEV1 compared to those
with rhinitis that were hyper-reactive but had no
asthma. The authors speculated that the difference
between rhinitis patients with or without asthma
symptoms might be a matter of perception of dysp-
noea.
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Table 1 summarizes the most important findings on this
topic of the review.
The evidence provided by these studies supports

previous ARIA statements that are:

1 most subjects with allergic and nonallergic asthma
have rhinitis;

2 many patients with AR have asthma or subclinical
manifestations of BHR and

3 there is a temporal relationship between the onset of
AR and asthma, with rhinitis often preceding the
development of asthma.

An exception is the finding of low rhinitis prevalence
among asthmatics in China, which requires further
investigation to identify likely reasons for the difference.
It would be important to investigate whether it is related
to specific genetic or environmental factors.
Although the selection of patients and controls is

crucial, clinical observations have been confirmed by
population-based information.

Asthma and rhinitis – variation in prevalence

Previous ARIA publications (2) have mentioned that AR
is a global health problem, that is a common disease
worldwide, affecting at least 10–25% of the population
and that the prevalence is increasing. Recent studies
reported increasing prevalence of both asthma and
rhinitis.

1 Estimates of intergenerational trends in the preva-
lence of asthma and AR in adults were undertaken in
Scotland (23). Two surveys were performed 20 years
apart using identical questions. About 1477 married
couples aged 45–64 years participated in a general
population survey in 1972–1976; and 2338 offspring
aged 30–59 years participated in the 1996 survey.
Among never smokers, prevalence of asthma and hay
fever were 3.0% and 5.8%, respectively, in 1972–
1976, and 8.2% and 19.9% in 1996. In both genera-
tions, the prevalence of asthma was higher in those
who reported to be suffering from hay fever. Atopic
asthma increased more than twofold while the prev-

alence of nonatopic asthma did not change. The
authors concluded that the prevalence of asthma in
adults has increased more than twofold in 20 years,
and that this increase was largely associated with
increasing trends in atopy, as measured indirectly by
the prevalence of hay fever.

2 An Italian survey (24) evaluated 28 327 18-year-old
male conscripts during a 4-year period (1999–2002) in
a military navy hospital. Detailed history, clinical
examination, SPT, spirometry and methacholine
challenge were performed in subjects with suspected
diagnosis of respiratory allergy. Allergic rhinitis was
diagnosed in 2876 conscripts (10.2%), a fivefold in-
crease when compared to a survey in the previous
decade. Most of the subjects with AR (67.2%) have
an association with asthma.

3 In a population-based study in Sweden, Braback
et al. (25) evaluated records of 1 309 652 male con-
scripts in three successive cohorts born between 1952
and 1981. The prevalence of AR and eczema dis-
played a continuous increase throughout the study
period, but the rise in asthma mainly occurred in
conscripts born after 1961. Farming environments
provided protection from AR and asthma.

4 In Saudi Arabia (26), the changing prevalence of
asthma was evaluated in two samples of schoolchil-
dren between the ages of 8 and 16 years using ques-
tionnaires. A total of 2123 schoolchildren were
enrolled in 1986 and 1008 in 1995. The comparison of
data revealed that the prevalence of asthma increased
significantly from 8% in 1986 to 23% in 1995.
Likewise, the prevalence of AR also increased from
20% to 25% since 1986. However, no significant
change in the prevalence of eczema was noted.

5 A comparison of prevalence of asthma and rhinitis
between East (Erfurt, n = 1648) and West Germany
(Augsburg, n = 1572) populations was performed
(27). The prevalence of AR, wheezing, asthma and
atopic sensitization was higher in Augsburg than in
Erfurt. Although the effects of globalization have
reduced the environmental disparities between Ger-
man cities, the observed differences in prevalence

Table 1. Prevalence of rhinitis among asthmatics

Authors Location
Number of
individuals studied Study design

Proportion of rhinitis
in asthmatics Comments

Leynert et al. (6) France 850 adults Cross-sectional 78% Quality of life impaired in rhinitis
Shamssain and Shamsian (8) England 3000 children Cross-sectional 53% in boys

63% in girls
Nothing remarkable

Montnemery et al. (9) Sweden 12 079 adults Cross-sectional by
postal questionnaire

46% �Significant nasal symptoms�

Celedon et al. (10) China 10 009 Cross-sectional 6.2% Within a cohort
Terreehorst et al. (15) The Netherlands 164 Cross-sectional 92% Nothing remarkable
Linneberg et al. (11) Denmark 743 Longitudinal 100% Two evaluations 8 years apart
Sichletidis et al. (13) Greece 2005 children Cross-sectional 69% 33% of rhinitics had asthma
Leynaert et al. (113) Europe 90 478 Cross-sectional 74–81% Nothing remarkable
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suggest that nonspecific causes related to western
lifestyle may play a role.

6 The prevalence of symptoms of rhinitis and asthma
according to the climate was studied in a random
sample of 18 873 subjects from different regions of
Italy (28). No association was found between geo-
climatic variables and AR, but asthma symptoms
were more common in central-southern Italy, with
the Mediterranean climate, than in areas with a
continental climate (northern Italy).

7 A comparison of prevalence of rhinitis and asthma in
two distinct ethnic populations living in the same
region in the Middle East was reported recently (29).
Israeli schoolchildren from two neighbouring towns,
one Jewish (n = 585) and the other Arab (n = 658)
were surveyed. The children (8–17 years) shared the
same climate and had similar demographic charac-
teristics. They received similar medical care and had
the same general rates of hospitalization and emer-
gency room visits. The Jewish children had a higher
prevalence of asthma (13.7% vs 9.4%) and chronic
rhinitis (19.7% vs 9.7%) than their Arab counter-
parts.

8 In a UK survey (30), AR was found to be more
common than asthma, hypertension, skin rashes, ec-
zema and diabetes. In all, 2139 subjects were ques-
tioned about their medical conditions, severity and
frequency of symptoms and satisfaction with treat-
ment. A group of GPs was also invited to discuss
their experiences in the management of rhinitis. The
prevalence of SAR and perennial AR was 15% and
2%, respectively. Symptoms were well controlled in
only 32% of patients. Allergic rhinitis affected work,
home and social life in 29%, 34% and 30% of pa-
tients, respectively.

9 During a Phase III ISAAC Study in Hong Kong in
2001 (31), the prevalences of asthma and AR in
schoolchildren aged 6–7 years old were examined
and compared to observations from 1995. There
were 3618 and 4448 children participating in 1995
and 2001, respectively. The prevalence of current
rhinitis (35.1 vs 37.4%) and current rhino-conjunc-
tivitis (13.6 vs 17.2%) increased significantly. There
was no significant change in the prevalence of life-
time asthma, lifetime wheeze and current wheeze in
spite of a significant increase in severe asthma
symptoms.

10 A study conducted in Taiwan (32) has assessed the
relationship between air pollution and the varying
prevalence of allergic diseases in the city of Taichung
and the rural town of Chu-Shan. In Taichung, the
prevalence of asthma was 7.0%, of AR 27.6% and of
atopic dermatitis 3.4%. In Chu-Shan, the prevalence
of asthma was 5.6%, of AR 21.8% and of atopic
dermatitis 3.3%. Taichung had higher air concen-
trations of nitric oxide (NO), carbon monoxide,
nitrogen and sulphur dioxide. The prevalences of

asthma and rhinitis in the urban more polluted
environment are not considerably higher than in the
rural community.

11 A population-based survey in six West European
countries (33) has demonstrated that within the
population with AR, 29% of the subjects had per-
sistent symptoms. There was no association between
the intermittent/persistent and the seasonal/perennial
classifications. Subjects with persistent rhinitis had
more severe symptoms and higher rate of self-
awareness; they were also clearly distinct in their
sensitization pattern and medication use. These res-
ults support the importance of the new ARIA class-
ification of AR, based on severity, for planning
therapeutical interventions.

12 To determine the prevalence of asthma and AR
among children in the Province of Quebec (34), three
groups of more than 1100 children were surveyed
with the ISAAC questionnaire. The prevalence rates
for reported history of asthma varied from 14% to
15%. The prevalence of rhinitis, rhino-conjunctivitis
and reported history of hay fever increased with age,
reaching 28.0%, 15.9% and 21.1%, respectively, in
the 16-year-old group.

13 Consecutive surveys in Finland (35) have demon-
strated that the prevalence of asthma increased 12-
fold from 1966 (0.29%) to 2003 (3.45%), showing a
continuous rising trend during this period. The
average annual increment in prevalence during this
period was 0.1%. Prevalence of AR remained low
(<0.1%) until 1970 but increased steadily thereafter.
The rise in prevalence of AR has been particularly
striking since 1991, with the peak in 2000 (8.9%), and
the trend is still upwards. Prevalence of atopic ecze-
ma, however, has remained fairly constant (about
1.2%) since the early 1980s.

14 In Croatia (36), an estimate of prevalence of asthma,
AR and atopic dermatitis among schoolchildren in
the region of Primorsko-Goranska county was con-
ducted using ISAAC questionnaire among 1634
participating children in the age group of 6–7 and
2194 children in the age group of 13–14. Estimated
12-month prevalence rates of symptoms were:
wheezing 9.7% and 8.4%, AR symptoms 16.9% and
17.5%, allergic rhino-conjunctivitis symptoms 5.6%
and 6.7%, and atopic dermatitis symptoms 5.4% and
3.4%, for younger and older age group, respectively.
According to the authors, the current results suggest
an increase in the prevalence of atopic disease
symptoms in north-west part of Croatia over the last
few decades when compared to prior studies.

15 A cohort study in Finland (37) has estimated the
incidence rate of asthma and AR from birth to early
adulthood and the prevalences of these diseases at 16,
22 and 32 years of age. The data were drawn from a
follow-up survey of a Finnish urban age cohort (1967
birth cohort, N = 2269) from age 16 to 32 years. All
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data were based on self-report. The prevalence of
asthma from age 16 to 32 years changed from 3.0%
to 5.0%; and that of AR from 17.5% to 26.0%,
respectively. The overall incidence rate of asthma was
approximately 2.1 new cases per 1000 person-years
(95% CI: 1.6–2.8). The incidence rate for AR in males
was 13.4 per 1000 person-years, slightly greater than
in females, 11.4. Between both genders, the highest
incidence rate of AR was from 17 to 22 years.

16 Repeated consecutive studies in Aberdeen (38), UK,
by questionnaires given to the parents of children
attending the same primary schools in 1994 and 1999
have found that the prevalence of asthma or wheeze
and the proportion of children with respiratory
symptoms reporting a diagnosis of asthma changed
little, although small but significant increases in the
diagnosis of both eczema and hay fever were de-
tected.

17 Another study in Taiwan (39), conducted in 1999 but
published later on, has evaluated 21 clusters of adults
randomly. Face-to-face interviews were conducted
with 2076 individuals using a questionnaire designed
to assess asthma and asthma-like symptoms. The
lifetime prevalence rate of asthma in adults in Taipei
City was 7.8%. A multiple logistic regression model
showed the odds ratio (OR) of having asthma among
subjects with AR to be 3.2 (95% CI: 2.03–5.16).

18 Two cross-sectional surveys (1995/1996 and 2001/
2002) were carried out according to the ISAAC
protocol among 6- to 7- and 13- to 14-year-old
schoolchildren in Antwerp, Belgium (40). No signifi-
cant differences in current prevalence of asthma and
asthma medication were found in 6- to 7-year olds
and 13-to 14-year-old girls. Significantly less asthma
and asthma medication was reported by 13- to 14-
year-old boys in 2002. Symptoms of wheeze had
lower occurrence in all groups in 2002, which was
significant for older age groups, but they reported
significantly more rhinitis.

19 To estimate the trends in the prevalence of asthma,
eczema and AR, two surveys were conducted in 1993
and 2002 in primary schoolchildren aged 6–7 years in
Melbourne, Australia (41). There was a 26% reduc-
tion in the 12-month period prevalence of reported
wheeze, from 27.2% in 1993 to 20.0% in 2002. The
12-month period prevalence of reported eczema in-
creased from 11.1% in 1993 to 17.2% in 2002, and
rhinitis increased from 9.7% to 12.7%.

20 Time trends in the prevalence of asthma and allergic
diseases in Estonian (42) children born before and
after the collapse of the Soviet Union, have been
studied in two identical cross-sectional studies per-
formed as part of Phase I and Phase III of the ISAAC
studies. The prevalence of respiratory symptoms was
similar in the two studies. Even though, the preva-
lence of diagnosed asthma increased. This was con-
sidered to be due to modified diagnostic criteria and

increased awareness. The prevalence of rhinitis dur-
ing the pollen season increased, from 1.7% to 3.5% in
6- to 7-year olds, and from 2.6% to 5.5% in 13- to 14-
year olds. The prevalence of flexural dermatitis also
increased from 12.0% to 13.5% in 6- to 7-year olds,
and from 7.7% to 9.4% in 13- to 14-year olds. The
increase was similar in children born before and after
the regaining of Estonian independence, indicating
that the influence of factors related to a Western
lifestyle and affecting the prevalence of allergic
symptoms is not restricted to infancy, but may be
operative throughout childhood.

21 Three cross-sectional questionnaire-based studies of
asthma and allergy in schoolchildren were conducted
in the counties of Troms and Finnmark, in northern
Norway (43) in 1985, 1995 and 2000. Identical items
of asthma and allergy were employed and the anal-
yses comprised only children 9–11 years of age. The
prevalence of asthma was 9.3%, 13.2% and 13.8% in
1985, 1995 and 2000, respectively. However, great
gender differences were detected; the prevalence of
asthma increased in males from 1995 to 2000 (from
14.1% to 17.0%, RR = 1.2), but decreased in fe-
males from 1995 to 2000 (from 12.3% to 10.5%,
RR = 0.9). The prevalence of self-reported allergic
rhino-conjunctivitis was 16.5%, 24.7% and 29.6% in
1985, 1995 and 2000.

22 A second ISAAC survey was carried out 7 years after
the first to evaluate trends in asthma and allergies
prevalence in Singapore (44). The change in the
prevalence of current wheeze occurred in opposing
directions in two age groups, decreasing in the 6- to 7-
year age group (16.6% to 10.2%) but increasing to a
small extent in the 12- to 15-year age group (9.9–
11.9%). The 12-month prevalence of rhinitis did not
change.

23 Prevalence trends for asthma and allergies were
studied among adolescents living in Switzerland (45).
Between 1992 and 2000, the change in the prevalence
of asthma symptoms and hay fever symptoms ass-
essed by the ISAAC questions was investigated using
three cross-sectional surveys. Prevalence rates of
asthma and current asthmatic symptoms remained
constant (students� report of current wheeze 8.8%,
7.3% and 8.3%). Similarly, no further increase was
observed for reported hay fever rates.

24 In 2002, a survey was repeated in Scotland (46),
Wales and the islands in the same school grades,
using the same questionnaire and procedures in the
same period of the year and, mostly, in the same
schools. In 1995, as part of the ISAAC, a question-
naire survey based upon the ISAAC protocol was
administered to secondary schoolchildren aged 12–
14 years. Overall, the prevalence of any wheezing or
whistling in the chest in the past 12 months fell from
34% to 28% (19% relative reduction). Large relative
reductions were also observed in recent symptoms of
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allergic rhino-conjunctivitis (16%) and atopic eczema
(30%). However, the proportion of children report-
ing �ever� having had asthma or eczema increased
(26% and 15%), as did the lifetime prevalence of �hay
fever� (8%). Trends in the four regions were similar.

25 A Phase III survey of the ISAAC was conducted in
Taipei between 2001 and 2002 (47). Of 6653 eligible
children from 23 high schools, 6381 (95.9%) partici-
pated. The prevalence of symptoms of asthma, AR
and atopic eczema in the past 12 months in 13- to 14-
year-old children increased by 37%, 51% and 193%,
respectively, on written questionnaires during a 7-
year period after ISAAC Phase I. However, the
severity of asthma did not change significantly.

26 A second survey of schoolchildren in Khon Kaen,
north-eastern Thailand (48), using the Thai version of
the ISAAC questionnaire analysed 2119 6- to 7- and
2956 13- to 14-year-old children. The cumulative vs
12-month prevalence were: 14.3% vs 9.8% for
wheezing, 42.6% vs 33.3% for rhinitis and 13.5% vs
11.2% for eczema, respectively. Most Phase III
prevalence was significantly lower than the first sur-
vey except for the steady, 12-month prevalence of
wheeze.

27 In Spain (49), the Phase III of ISAAC was carried out
in schoolchildren aged 6–7 years from eight areas to
estimate time trends and geographic variations in the
prevalence of symptoms of AR. In all centres, AR
symptoms tended to increase, with a prevalence ratio
of 1.61 in rhino-conjunctivitis when both phases were
compared. Wide variations in the prevalence of AR
were observed across centres with a higher prevalence
in Asturias, Madrid, Cartagena and Bilbao. Lower
prevalences were reported in Barcelona, Castellon
and Pamplona.

28 In Poland (50), studies have been conducted to assess
the prevalence of symptoms and diagnosis of AR in
schoolchildren in 1994/1995 and 2001/2002, using
standardized ISAAC questionnaires in Krakow and
Poznan. The prevalence of AR symptoms ever in-
creased significantly in the 6–7 years old group, from
28.5% to 33.6% in Krakow and from 13.0% to
31.3% in Poznan. A similar rise was found in the13-
to14-year-old group, in Krakow from 26.1% to
41.1%, in Poznan from 19.0% to 39.6%. In both age
groups and both centres the number of children with
established diagnosis of AR has also increased.

29 An evaluation of young adults in Western Europe
(51), aimed to assess the change in IgE sensitization in
relation to age. Serum-specific IgE to common aller-
gens and total IgE were measured on two occasions
about 9 years apart in 6371 individuals living in 28
centres, who took part in the ECRHS II. Overall,
there was no net change in the prevalence of sensiti-
zation to at least one of house dust mite, grass or cat,
although there was a fall in mean total IgE. There
was evidence that sensitization to at least one allergen

was higher in more recent cohorts, and this was lar-
gely explained by a higher prevalence of sensitization
to grass.

30 An analysis of serum samples of British (52) men,
taken in three occasions during routine medical
examinations from 1975 to 1998, has been performed
aiming to compare the proportion of specific IgE to
aeroallergens over time and to correlate markers of
infection and markers of atopy. Highly significant
increases were detected in the proportion of men with
circulating specific IgE to inhaled allergens according
to birth date. The average rate of increase was
equivalent to an additional 4.5% of men becoming
positive each decade. In multiple regression, year of
birth was associated with the prevalence of atopy
(P < 0.001), but current age was not. No inverse
association between two common enteric infections
(hepatitis A and Helicobacter pylori) and adult atopy
was found.

In summary, most of the recent reports support previous
ARIA statements. Allergic rhinitis is a global health
problem; it is a common disease worldwide affecting a
variable proportion of the population. The prevalence of
rhinitis can be above 30%. Many studies have demon-
strated parallel increases in the prevalence of asthma and
rhinitis; but in regions of highest prevalence the propor-
tion of subjects suffering from asthma or rhinitis may be
reaching a plateau. Differences in environmental expo-
sures may be associated with the observed variations in
the prevalence of rhinitis.

Asthma and rhinitis – prevalence in developing countries

1 In a study performed in Turkey (53), 60 children with
Familial Mediterranean Fever (FMF), which results
from a genetic predisposition to elevated Th1 cyto-
kine production, were questioned about asthma and
AR using the ISAAC Study Phase II questionnaire
and underwent SPTs. The ISAAC Study Phase II
with skin tests was conducted in a similar ethnic
sample of 3041 children. The prevalence of diagnosed
asthma and AR were 3.3 and 1.7, respectively, in
children with FMF, while the corresponding preva-
lences in the control sample were 6.9 and 8.2. How-
ever, only the prevalence of AR was significantly
lower in those with FMF.

2 A study in Ha-Noi, Vietnam (54), using the parent
self-administered questionnaire as part of the ISAAC
survey, included 969 children aged 5–11 years in two
schools. The overall prevalence of �wheezing in past
12 months� was 14.9% and �allergic rhinitis-conjunc-
tivitis symptoms in past 12 months� was 10.7%. Age-
and gender-adjusted OR were consistently significant
across wheeze and AR symptom categories, being
highest (OR: 10.10) between allergic rhino-conjunc-
tivitis and wheeze in past 12 months.
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3 In Ethiopia (55), a survey was conducted to deter-
mine the prevalence of symptoms of asthma and
allergies among 3365 13- to 14-year-old schoolchil-
dren in Gondar using the ISAAC questionnaire. The
12-month period prevalences of wheeze (16.2%) and
rhino-conjunctivitis (14.5%) were similar or higher
than previous reports from other regions of this
country. The authors call attention that the preva-
lence of diagnosed atopic diseases (8.6%) was less
than a quarter of the symptom prevalence rate, which
may reflect a generally poor awareness and low health
service utilization, or under-diagnosis by healthcare
providers.

4 In Nigeria (56), an ISAAC Phase I study of rhinitis
and asthma was conducted among 1704 children aged
6–7 years. Both recent rhino-conjunctivitis and
wheeze were reported by 5.1%. The cumulative
prevalence of reported wheezing and symptoms of
chronic rhinitis were 7.2% and 11.3%, respectively.

5 In Colombia (57), a multistage stratified random
sample selection of schools with subjects aged 5–
18 years in six cities was surveyed. Guardian subjects
selected were contacted, and home visits were ar-
ranged. Subjects aged 1–4 years and older than
19 years were also selected randomly by systematic
sampling based on the addresses of the subjects aged
5–18 years. Subjects with asthma symptoms were
invited to provide a blood sample. Information was
obtained from 6507 subjects. The prevalence of
asthma, rhinitis and atopic dermatitis symptoms in
the past 12 months was 10.4%, 22.6%, and 3.9%,
respectively. Thirty-eight per cent of asthmatic sub-
jects had visited the emergency department or have
been hospitalized, and 50% reported lost school days
and workdays. Seventy-six per cent of sampled
asthmatic patients were considered atopic.

6 A study in Ankara, Turkey (58), has investigated the
prevalence and determinants of asthma and allergic
diseases in a cross-sectional survey of schoolchildren
aged 6–14 years in 2002. This was the third of a series
of cross-sectional surveys, also conducted in 1992 and
1997, in the same school. Questionnaire including
information on house characteristics, dietary habits,
past and current exposures and diseases were dis-
tributed to 1064 children and filled by the parents at
home. Current prevalences of asthma (1992: 8.3%,
1997: 9.8%, 2002: 6.4%), wheeze (1992: 11.9%, 1997:
13.3%, 2002: 6.4%), hay fever (1992: 15.4%,
1997: 14.1%, 2002: 7.2%) and eczema (1992: 4%,
1997: 4.3%, 2002: 1.8%) were significantly lower in
2002 compared with 1992. Multiple logistic regres-
sion analysis model for current wheeze has found
ingestion of cow�s milk and red meat to be associated
with it. Similar analysis of those with AR also found
an association with the ingestion of red meat. It is not
clear, however, if these nutritional factors are linked
directly as a risk factor, or are merely a surrogate of

other factors related to affluence and/or westernized
lifestyle of the families. No satisfactory explanation is
provided for the reported decrease in the prevalence
of asthma and rhinitis is provided either.

7 In Adana (59), Turkey, a cross-sectional population-
based study using the ISAAC protocol was carried
out on 3164 schoolchildren aged 6–18 years between
March and June 1997. The prevalence of asthma, AR
and eczema was found to be 12.6%, 13.6% and 8.3%,
respectively. The prevalence of asthma was highest in
6- to 10-year-old schoolchildren (14.7%), and lowest
(6.0%) in 15- to 18-year-old children. The cumulative
and current prevalences of wheezing were found to be
19.0% and 13.5%, respectively.

8 In Trinidad and Tobago (60), in a study to estimate
the prevalence of symptoms of asthma and rhinitis
among children of primary school age who are ex-
posed to household environmental tobacco smoke,
ISAAC questionnaires were distributed, via the chil-
dren in their schools, to parents of 6611 year 2 stu-
dents (typically 6 years old) or year 3 students
(typically 7 years old) in 106 randomly selected
schools. Two questions were added to the standard
questionnaires: one on household smoking and one
on the ethnicity of the children. A total of 3170
completed questionnaires were suitable for further
analysis. Parental smoking was significantly associ-
ated with wheezing in the last 12 months (29.3–
37.4%; OR: 1.43), exercise-induced wheezing (OR:
2.12), and symptoms of rhinitis (OR: 1.35) in the last
12 months as well as a history of hay fever/sinus
problems (13–17%; OR: 1.39). The authors comment
that even in such a tropical environment where more
time is spent outdoors and homes have much better
ventilation than in temperate climates, environmental
tobacco smoke exposure is associated with an in-
creased prevalence of symptoms of asthma and rhi-
nitis in primary school-aged children.

9 In Maputo, Mozambique (61), a case–control study
has been performed to evaluate risk factors associ-
ated with childhood asthma in 199 age-matched
children (100 asthmatic and 99 nonasthmatic) who
attended a Central Hospital between January 1999
and July 2000. Information concerning their family
history of atopy, birth weight, environment and
breast-feeding, as well as detailed information about
morbidity and treatment was obtained for each
asthmatic child. The children were aged between
18 months and 8 years. Childhood asthma was
associated with urban living, parental history of
asthma or rhinitis, parental smoking and early
weaning.

10 In Bangladesh (62), a study to determine the preva-
lence of asthma, AR and eczema in schoolchildren
was conducted in Dhaka district using the ISAAC
protocol in 2000. A total of 6260 written question-
naires were eligible for the analysis (3029 from
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6–7 years of class I and 3231 from 13–14 years of
class VIII). The lifetime (ever) and 12-month period
(recent) prevalences of three allergic conditions were
as follows: wheezing 13.8% and 7.6%; AR 25.0%
and 20.0%; and eczema 8.7% and 6.5%, respectively.
The prevalence of wheezing was higher in the younger
children than in the older children but recent rhinitis,
conjunctivitis and eczema were lower in younger age
group.

11 The prevalence of rhinitis and its related symptoms
were investigated in Brazilian children and adoles-
cents by using the ISAAC written questionnaire (63).
The questionnaire was answered by the parents of
11 403 children aged 6–7 years and by 20 587 ado-
lescents (13 14 years old) from different cities and
regions. The mean prevalence of rhinitis (affirmative
response to question 2) was 26.6% and 34.2% in the
6- to 7- and 13- to 14-year-old groups, respectively.
Applying the criteria that evaluate the association
between nasal and ocular symptoms, the mean pre-
valences of AR were 12.8% for the 6- to 7-year-old
children and 18.0% for the adolescents.

In summary, the prevalence of rhinitis and asthma in
rural communities or middle- to low-income countries, in
general, is lower than that in developed westernized urban
communities. However, one should be cautious when
comparing prevalence between studies because asthma
and rhinitis were assessed differently in various studies,
even when the same questionnaires are used.
A considerable difference between the prevalence of

symptoms and the prevalence of medical diagnosis,
detected in underserved populations, indicates a significant
proportion of under-diagnosis, which might be related to
lack of awareness and limited access to health care.

Asthma and rhinitis – common risk and protection factors

Infections, parasites and vaccination

1 An ecological analysis (64) of the relationship
between tuberculosis notification rates and the prev-
alence of symptoms of asthma, allergic rhino-con-
junctivitis and atopic eczema in 85 centres from 23
countries having participated in ISAAC Phase I has
shown tuberculosis notification rates were inversely
associated with prevalence of wheeze and asthma.
Symptoms of allergic rhino-conjunctivitis in the past
12 months were also inversely associated with
tuberculosis notification rates.

2 A study conducted in Germany (65) has addressed
the question of Bacillus Calmette-Guerin vaccine
(BCG) protection against asthma. A survey included
all preschool children from Berlin in 1994
(n = 38 808). Trained medical personnel asked par-
ents whether their child ever had a diagnosis of
bronchial asthma and AR or symptoms suggestive of
these conditions. Bacillus Calmette-Guerin-vaccina-

tion status was recorded from official vaccination
documents. The adjusted OR and 95% confidence
interval (CI) for asthma was 0.85 (0.71–1.00) for
BCG-vaccinated individuals. Bacillus Calmette-Gu-
erin vaccination was not significantly associated with
AR. This study demonstrated a weak protective effect
of BCG vaccination against asthma.

3 In Denmark (66), the occurrence of AR in nearly
2000 women participating in the Danish National
Birth Cohort study, in which detailed information on
age at BCG vaccination (age 0–15 years) was avail-
able from school health records, has been assessed.
Atopic status was evaluated serologically by a specific
response to 11 common inhalant allergens using ser-
um samples. Information on AR and asthma was
available from telephonic interviews. Age at BCG
vaccination was not associated with increased risk of
AR, or asthma.

4 In Spain (67), the relationship between immunization
with BCG and the prevalence of asthma, hay fever
and atopic dermatitis was studied in a homogeneous
population of Spanish schoolchildren. The ISAAC
core and environmental questionnaires were used in
four different centres of the Spanish North Atlantic
coast. Bilbao, San Sebastian and Asturias have a
universal BCG immunization policy during the first
days of life, whereas La Coruna discontinued this
practice in 1989. Except for this centre, immunization
coverage was above 90%. Children with 6 and
7 years old were surveyed. After excluding those
children born outside Spain, the numbers were 6762
immunized and 2828 nonimmunized. The adjusted
ORs of the BCG-immunized children suffering from
asthma, hay fever and atopic dermatitis were,
respectively, 0.87 (95% CI: 0.76–1.00), 0.87 (0.75–
1.01) and 0.89 (0.76–1.05), leading to the conclusion
that neonatal BCG immunization offers a weak but
significant protection against asthma in Spanish
schoolchildren.

5 In Salvador (68), Brazil, an estimate of the associa-
tion between neonatal BCG vaccination and preva-
lence of asthma was obtained by a cross-sectional
study of 1612 schoolchildren aged 12–16 years. The
presence of a scar compatible with BCG was used as
a surrogate of neonatal vaccination. A self-adminis-
tered structured questionnaire was prepared based on
that used by the ISAAC. The prevalence of asthma
was categorized according to the report of lifetime
wheeze, lifetime asthma, lifetime asthma among those
referring allergy and among those referring allergy
and sneezing. Neonatal BCG vaccination was not
associated with the overall prevalence of reported
wheezing or asthma. However, in the subgroup
reporting current allergy and sneezing, in which a
greater risk of asthma was detected, neonatal BCG
was associated with a 37% lower prevalence of life-
time asthma.
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6 In France (69), the relationship between childhood
immunization and the development of atopic diseases
(asthma, AR and eczema) was examined in a popu-
lation-based sample of 718 adolescents by taking into
account individual data drawn from personal paedi-
atric records on the schedule and the type of vacci-
nation. Atopic diseases were determined using the
ISAAC questionnaire. After adjustments, adolescents
having been vaccinated (n = 694) had a significant
lower risk to suffer from asthma, AR or atopic der-
matitis than nonvaccinated adolescents did (n = 24,
OR: 0.30; 95% CI: 0.10–0.92). The relationship did
not depend on the disease against which the vaccine
was used as prophylaxis, the observance of the vac-
cination schedule or the number of inoculations. A
higher protection was observed in the case of live
attenuated vaccines (oral poliomyelitis and BCG;
OR: 0.26; 95% CI: 0.08–0.83).

7 In Italy (70), an investigation on the possibility that
infection by Salmonella in early life can protect from
development of respiratory allergies later in life was
conducted during 2003, by studying two groups of
Sardinian children (age 6–18 years) who had been
hospitalized before 4 years of age (during 1989–2001)
with nontyphoid salmonellosis (n = 148) or acute
enteritis of nonbacterial aetiology (NB-enteritis;
n = 167). Allergic rhino-conjunctivitis and asthma
were evaluated by telephonic interview with an
ISAAC questionnaire; participants reporting AR and/
or asthma were further examined through a complete
diagnostic work-up to objectively confirm or exclude
current disease. Children who had been hospitalized
with salmonellosis had a lower prevalence of allergic
rhino-conjunctivitis (5.4% vs 13.8%; P = 0.019) or
asthma (3.4% vs 12.6%; P = 0.006) than those who
had been hospitalized with NB-enteritis.

8 Scientists from New Zealand (71) have investigated
the possibility that antibiotic and/or paracetamol use
may increase the risk of asthma. The study measured
the association between infections, and medication
use early in life and the risk of asthma at age 6–
7 years. It involved 1584 children who had been
notified to public health services with serious infec-
tions at age 0–4 years, and 2539 children sampled
from the general population. For both groups, par-
ents completed postal questionnaires. There was little
difference in the prevalence of current wheezing be-
tween the childhood infections group (23.5%) and the
general population group (24.3%). However, in both
groups, there were associations with antibiotic (OR:
1.78, 95% CI: 1.49–2.14) or paracetamol (OR: 1.38,
95% CI: 1.04–1.83) use in the first year of life or
recent paracetamol use (OR: 2.10, 95% CI: 1.78–
2.49) and current wheezing. The authors comment
these findings are consistent with previous evidence
that antibiotic and paracetamol use early in life may
increase the risk of asthma.

9 Previous infection with hepatitis A and H. pylori was
assessed in a community-based sample of young
British (72) adults, as well as associations with serum-
specific IgE to environmental allergens, asthma-like
symptoms and hay fever. There was no association of
previous infection with hepatitis A or H. pylori with
wheeze or hay fever. There was no evidence of an
association of infection with either agent or sensiti-
zation except for the isolated finding of a lower
prevalence of sensitization to grass in those with IgG
antibodies to H. pylori (OR: 0.65, 95% CI: 0.43–
0.99).

10 In the Netherlands (73), aiming to examine indepen-
dent effects on atopic sensitization and symptoms of
daycare attendance, older siblings, pet ownership and
early infancy�s airway disease, a cross-sectional sur-
vey among 8- to 13-year-old schoolchildren with
complete data for 1555 children was performed.
Atopic sensitization occurred less frequently in chil-
dren that had attended a daycare centre (OR: 0.73,
95% CI: 0.55–0.98) or had a cat or dog before 2 years
of age (OR: 0.78, 95% CI: 0.61–0.99). For symptoms,
there was no relation with having older siblings,
daycare attendance and pet ownership.

11 To evaluate the role of Chlamydia pneumoniae respi-
ratory tract infection on paediatric asthma, AR or
atopic eczema in Germany (74), children of three age
groups (n = 1211) were prospectively studied for a
C. pneumoniae infection using throat swabs and
polymerase chain reaction (PCR) with enzyme
immunoassay (EIA) detection. Infected children were
examined monthly until the agent could not be de-
tected, quantifying persistent infection. They were
compared with randomly selected, noninfected chil-
dren without asthma matched for age, gender and
origin regarding lung function as well as initiation of
allergic diseases judged by family doctor diagnosis
after, in median, 22 months. Incidence of asthma (0/
55 vs 5/54, P = 0.03) and AR (3/53 vs 10/52,
P = 0.04) as well as prevalence of asthma (1/56 vs 9/
58, P = 0.02) and AR (6/56 vs 16/58, P = 0.03) were
lower in the Chlamydia-infected children. There was
no association with atopic eczema.

12 An estimate of the associations between early respi-
ratory infections and doctor-diagnosed asthma, AR
and skin prick sensitization in children at 10 years of
age was obtained in the Oslo Birth Cohort (75),
established in 1992–1993. A total of 2540 children
were followed from birth to the age of 10 years.
Experiences of respiratory infections were recorded in
follow-up surveys at 6 and 12 months. At age 10,
questions were asked about current symptoms of
asthma and AR and about having ever received a
doctor diagnosis for these diseases. A subsample
(n = 1740) of the cohort was tested for SPT reac-
tivity. Current asthma was related to lower respira-
tory tract infection (OR: 2.1; 95% CI: 1.3–3.0) and
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croup (OR: 2.3; 95% CI: 1.3–4.2) in the first year.
Odds ratio for AR and skin prick sensitization were
smaller but mainly positive. Birth order and childcare
attendance at age 1 were not significantly associated
with any of the studied outcomes.

13 An ecologic analysis of the relationship between
antibiotics sales and the prevalence of symptoms of
asthma, allergic rhino-conjunctivitis and atopic ec-
zema in 99 centres from 28 countries has been per-
formed (76). Data for antibiotic sales for 28 countries
were obtained from the Institute for Medical Statis-
tics (IMS), Health Global Services, UK. Data on the
prevalence of symptoms of asthma, rhinitis and ec-
zema in 13- to 14-year olds were based on the re-
sponses to the written and video questionnaires from
the ISAAC Study. The analysis was adjusted for
gross national product (GNP) as an estimate of the
level of affluence. In general, there was a positive
association between per capita antibiotic sales and
the prevalence of symptoms for asthma, rhinitis and
eczema, but the associations generally became nega-
tive once the analyses had been adjusted for GNP.
There was a statistically significant positive associa-
tion with wheeze at rest as measured by the asthma
video questionnaire; however, even this association
was weak and would not account for more than a 1%
difference in asthma prevalence between countries.

14 In Taiwan (77), the relationship between allergy and
parasites has been studied. Data were collected from
school records and questionnaires distributed to all
children in four primary schools grades 1 through 6
(n = 3107). The prevalence of doctor-diagnosed
asthma (9.3% vs 14.1%, P = 0.007) and AR (27.4%
vs 38.3%) were lower in pinworm-positive compared
to uninfected children. With logistic regression con-
trolling for sex, parent allergy and lower respiratory
infection, current asthma (OR: 0.25, 95% CI: 0.10–
0.63) and rhinitis (OR: 0.61, 95% CI: 0.45–0.84) were
negatively associated with pinworm current infection.

15 A retrospective study conducted in the USA (78)
analysed the data of 33 994 residents recorded in a
public database of a nationally representative cross-
sectional survey (Third National Health and Nutri-
tion Examination Survey, 1988–1994) and provides
further serological evidence that acquisition of certain
infections, mainly food-borne and orofecal, is asso-
ciated with a lower probability of having hay fever
and asthma.

16 Data from the European Respiratory Heath Survey
(79) on 18 530 subjects aged 20–44 years, regarding
early life exposures, have lead to the conclusions that
subjects exposed to many children at home or in
daycare experienced less hay fever and more asthma
in adulthood.

17 A case–control study to investigate whether exposure
to food-borne and orofecal microbes are associated
with atopy and respiratory allergies comparing 240

atopic cases and 240 nonatopic controls from a
population sample of 1659 Italian male cadets has
been reported (80). There was a lower prevalence of
Toxoplasma gondii, hepatitis A virus and H. pylori in
atopic participants. The authors speculate that hy-
giene and a westernized, semi-sterile diet may facili-
tate atopy by influencing the overall pattern of
commensals and pathogens that stimulate the gut-
associated lymphoid tissue.

18 To determine the frequency of asthma and rhinitis
symptoms and immediate skin reactivity to aeroal-
lergens in Human T-cell Lymphotropic Virus Type 1
(HTLV-1)-infected individuals, compared with non-
infected subjects, a cross-sectional study of 101
HTLV-1-infected and 101 control uninfected blood
donors was performed in Brazil (81). The subjects
were age- and sex-matched, identified as presenting
allergy history by questionnaire, which was comple-
mented by a complete clinical examination and SPT
for aeroallergens. The frequency of atopy, defined by
the coexistence of symptoms of rhinitis and/or
asthma and a positive prick test was lower in infected
than uninfected subjects, 14.9% and 29.7%
(P = 0.017), respectively. Infection by HTLV-I was
found to be a factor of protection to atopy (pre-
valence ratio (PR): 0.44; P = 0.005).

Farming

1 In a cross-sectional survey (82), parents of 2283
children aged 8–10 years from a rural area in Austria
answered a standardized questionnaire and 1137
children underwent SPTs to seven local allergens. The
prevalence of hay fever, asthma and positive SPT
reactivity to at least one of the common local aller-
gens was significantly lower in children living on a
farm than in children from a nonfarming environ-
ment. In a multivariate logistic regression model,
adjusting for genetic background, parent education,
living and housing conditions and dietary factors did
not change the OR for the association of farming and
allergic sensitization. Only after including regular
contact with livestock and poultry into the model did
the OR change significantly indicating an association
between regular contact with farm animals and re-
duced risk of atopic sensitization.

2 Similar findings were reported from Germany (83),
where 10 163 children entering school (aged 5–
7 years) were evaluated. Farmers� children had lower
prevalence of hay fever, diagnosed asthma and
wheeze than their peers not living in an agricultural
environment. The reduction in risk was stronger for
children whose families were running the farm on a
full-time basis when compared with families with
part-time farming activity. Among farmers� children,
increasing exposure to livestock was related to a
decreasing prevalence of atopic diseases.
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3 Some extra evidence for the protective role of a
farming environment come from the ECRHS (84).
Data from 6251 randomly selected adults 20–44 years
of age who had answered a detailed questionnaire
and underwent specific IgE measurements to five
allergens was analysed. After adjustment for poten-
tial confounders, living on a farm in childhood was
associated with a reduced risk of atopic sensitization
in adulthood (OR: 0.76, 95% CI: 0.60–0.97). The
protective effect of farming environment in childhood
observed in this population-based sample of young
adults provides evidence in favour of the hypothesis
that environmental factors encountered in childhood
may have a lifelong protective effect against the
development of allergy.

4 In Finland (85), to examine the association of farm
environment with atopic sensitization, allergic dis-
eases and the importance of specific sensitization
against allergens for asthma and allergic diseases in
children, a cross-sectional study including 344 farm-
ers� and 366 nonfarmers� children aged 6–13 years,
using a self-administered written questionnaire and
SPTs has been conducted. Farmers� children had less
asthma and allergic diseases and were less often sen-
sitized against common allergens than the nonfar-
mers� children. Among the single allergens,
sensitization against pets or pollen, or against horse
or cow, had the strongest association with asthma,
hay fever and atopic eczema; no such association was
seen with Dermatophagoides pteronyssinus, mugwort,
cockroach or Lepidoglyphus destructor sensitization.

5 In Australia (86), a comparison of the prevalence and
risk factors for wheeze, asthma diagnosis and AR in
Aboriginal and non-Aboriginal children living in
rural areas was conducted by means of a cross-sec-
tional study in two towns. Aboriginal children were
less likely to be atopic and to have AR than non-
Aboriginal children, but were equally likely to have
had wheeze (31.0% vs 27.3%) and asthma (39.4% vs
39.3%). The authors concluded that asthma and
wheeze were equally prevalent in Aboriginal and non-
Aboriginal children living in the same towns, but
appeared to have a different aetiology.

6 To examine the associations between pet contact and
the occurrence of asthma and allergies in children of
the rural Allergy and Endotoxin (ALEX) Population
Study (87), taking farm animal contact, endotoxin
and cat allergen levels in mattress dust into account,
information about contact with pets and farm ani-
mals, asthma and allergy were collected for 812
children by a standardized parents� questionnaire and
an interview. Current contact with dogs was inversely
associated with diagnosed hay fever (OR: 0.26, 95%
CI: 0.11–0.57), diagnosed asthma (OR: 0.29, 95% CI:
0.12–0.71), sensitization to cat allergen (OR: 0.48,
95% CI: 0.23–0.99) and to grass pollen (OR: 0.55,
95% CI: 0.33–0.94). Early and current contact with

cats were associated with reduced risk of wheezing
(OR: 0.48, 95% CI: 0.23–1.00, and OR: 0.49, 95%
CI: 0.26–0.92, respectively) and grass-pollen sensiti-
zation. Adjustment for farm animal contact but not
for endotoxin and cat allergen exposure attenuated
these associations and the effect of pet was stronger
among farmers� children. The authors concluded that
the inverse relation between current dog contact,
asthma and allergy was mostly explained by simul-
taneously occurring exposure to stable animals or
was restricted to farm children.

Ecological studies and/or environmental factors

1 An ecological analysis was performed by Burr et al.
(88) to evaluate whether pollen exposure is associated
with symptoms of allergic rhino-conjunctivitis and
asthma in 28 centres within 11 countries (nine being
in Europe) in 13- to 14-year olds in the frame of
ISAAC. The analysis was adjusted for GNP and
mean annual relative humidity. There was little rela-
tionship between pollen exposure and symptom
prevalence, except for a weak but significant inverse
association between grass-pollen counts and lifetime
prevalence of the symptoms of AR. This finding
accords with evidence suggesting that the prevalence
of AR tends to be lower among people living on
farms. On the other hand, exposure to allergenic
pollen in early life did not appear to increase the risk
of acquiring symptoms of respiratory allergy, and
may even give some protection against them. Such
results must be taken cautiously as mean concentra-
tions of pollens were taken at the country level,
without making any differences according to the type
of climate present in it.

2 In Sweden (89), sensitization to different airborne
allergens in relation to asthma and rhinitis has been
studied. A cross-sectional study was performed
among 2148 7- to 8-year-old children. Independently
from other risk factors, sensitization to dog (OR: 2.4)
and horse (OR: 2.2) were significant risk factors for
asthma. Sensitization to birch (OR: 6.0), horse (OR:
4.1) and timothy (OR: 2.8) were significant risk fac-
tors for rhinitis. Despite a large overlapping of the
diseases the pattern of sensitization was different for
asthma and rhinitis. Sensitization to cat was most
common among all children, but sensitization to dog
and horse was associated with the highest risk for
asthma, and sensitization to birch showed the highest
risk for rhinitis.

3 The prevalence of symptoms of asthma and rhinitis
was surveyed among schoolchildren living in the
heavily polluted Arctic town of Nikel, Russia (90).
A self-administered questionnaire was distributed to
the parents of 1800 children aged 8–17 years. Atopic
diseases were reported in 508 (30.2%) of the children.
Eczema occurred most frequently (15.5%), followed
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by allergic rhino-conjunctivitis (13.9%) and asthma
(3.9%). The authors conclude that although atopic
diseases are a common health problem in Nikel, they
are less prevalent than has been reported in recent
studies of northern European countries. Air pollution
did not seem to be a major risk factor for the devel-
opment of atopic diseases.

4 Interesting findings came from a broad USA survey
(91) in a population of 173 859 women and men in a
large prepaid health plan in northern California. The
study examined racial/ethnic and socioeconomic
patterns in the prevalence of asthma and rhinitis.
Using education as a measure of socioeconomic po-
sition, they found evidence of a positive gradient for
asthma and AR with increasing level of education but
an inverse gradient for asthma without rhinitis.
Allergic rhinitis was also strongly associated with
education. Compared with their white counterparts,
black women and men were more likely to report
asthma without rhinitis. Asian men were more likely
to report asthma with AR, and Asian women and
men were much more likely to have AR. Racial/eth-
nic disparities in prevalence of allergic diseases were
largely independent of education.

5 To evaluate the interrelationship between socioeco-
nomic status and asthma/rhinitis in Stockholm (92),
4089 families with children born between 1994 and
1996 in predefined areas answered questionnaires
on environmental factors, socioeconomic status
(parental occupation) and symptoms of allergic
disease at birth, 1, 2 and 4 years of age. Blood
samples taken at 4 years from 2614 children were
analysed for specific IgE to common airborne and
food allergens. There was a decreasing risk of
asthma and rhinitis with increasing socioeconomic
status. The OR for asthma was 0.33 (95% CI: 0.17–
0.66) and for rhinitis 0.50 (0.32–0.79) comparing the
highest and the lowest socioeconomic groups, with a
tendency to stronger effects in those with heredity
for allergic disease. The risk of sensitization to food
allergens also decreased with increasing socioeco-
nomic status (OR: 0.65, 0.41–1.02) in the highest
socioeconomic group, which was not clearly seen for
airborne allergens.

6 Another study in Sweden, aimed to assess whether
the association with social class differed between AR
and asthma and whether these associations have
changed over time (93). The Swedish Military Ser-
vice Conscription Register was linked to two other
national registers for 1 247 038 male conscripts in
successive cohorts born between 1952 and 1977. The
percentage of asthma cases associated with AR was
15% in the oldest cohort and 44% in the youngest
cohort. The role of social class has changed over
time. The steepest increase in asthma and AR
occurred in conscripts with a low socioeconomic
status.

7 A survey in Ethiopia (94), in urban population of
Jimma, tested the hypothesis that the risk of allergy is
increased by the use of nonbiomass fuels (kerosene,
gas or electricity) in the home. Questionnaire data on
allergic symptoms, domestic fuel use and lifestyle
factors were collected from 9844 adults and children,
and allergen skin sensitization measured in a sub-
sample of 2372. Use of any nonbiomass fuel was re-
ported by 959 individuals (10%), usually in
combination with biomass fuel, and was significantly
associated with an increased risk of allergic sensiti-
zation (OR: 1.78), wheeze (1.56) and rhinitis (2.06)
relative to use of biomass fuel only. The effects were
predominantly because of kerosene, which was sig-
nificantly related to all outcomes. The authors spec-
ulated that domestic combustion of refined fossil
fuels increases the risk of allergic sensitization and
symptoms in a region of low prevalence of atopy.
Nevertheless, other changes in habits associated with
the use of nonbiomass fuels might have contributed
to their findings.

8 To explore the association of household gas cooking
and respiratory illnesses in preschool children and
their relation to outdoor air pollution in Hong Kong
(95), a cross-sectional study was conducted among
households that used gas stoves for cooking in two
housing estates with contrasting air qualities. A
structured questionnaire was administered to parents
of 426 children aged 0–6 years on their exposure to
gas cooking and passive smoking, and the prevalence
of respiratory illnesses. A total of 111 children
(26.1%) were reported to have one or more respira-
tory illnesses (AR, asthma, bronchitis, sinusitis and
pneumonia). Hierarchical logistic regression models
adjusting for socioeconomic, demographic and in-
door risk factors including passive smoking showed
that household gas cooking was positively associated
with respiratory illnesses. There was a dose–response
relation between the frequency of gas cooking and the
prevalence of respiratory illnesses in the estate with
lower outdoor air pollution (OR: 6.1 and 3.2,
respectively, for cooking three and two meals a day,
compared to one meal a day). This relation was not
observed in the more polluted estate. The association
between the presence of a cigarette smoker in the
household and the prevalence of respiratory illnesses
was not significant.

9 A population-based sample of 14 578 adolescents was
enrolled in an epidemiological survey on allergies in
France (96), aiming to assess whether adolescents
with asthma have higher rates of active smoking
compared with adolescents without asthma, after
controlling for environmental tobacco smoking
exposure. After controlling for age, sex, geographic
region, familial allergy and passive smoking, cur-
rent wheezing (12.4%), current asthma (5.6%), life-
time asthma (12.3%), current rhino-conjunctivitis
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(13.9%), lifetime hay fever (14.4%) and current ec-
zema (9.3%) were all significantly related to active
smoking. Passive smoking was significantly associ-
ated only with current diseases. Active smoking was
also highly related to both severe asthma (OR: 4.02;
95% CI: 1.37–11.79) and severe rhino-conjunctivitis
(OR: 2.95; 1.58–5.49). The highest rate of adolescents
suffering from the co-morbidity of lifetime asthma
and hay fever (3.6%) was also seen in active smokers
compared with passive and nonsmokers (5.5% vs
3.6% and 3.1%, respectively; P = 0.001).

10 In Sweden (97), a study was performed to assess
whether the association with body mass index dif-
fered between allergic rhino-conjunctivitis and asth-
ma and if these associations have changed over time.
The Swedish Military Service Conscription Register
was linked to the Register of the Total Population
and the Population and Housing Censuses. Asthma
(with and without allergic rhino-conjunctivitis) and
allergic rhino-conjunctivitis at conscription were
analysed in relation to body mass index for 1 247 038
male conscripts in successive cohorts born between
1952 and 1977. Obesity was associated with asthma
without allergic rhino-conjunctivitis, adjusted OR
1.53 (95% CI: 1.43–1.63), and with asthma with
allergic rhino-conjunctivitis, adjusted OR 1.34 (95%
CI: 1.20–1.50), but not with allergic rhino-conjunc-
tivitis. The ORs were similar in three successive co-
horts (conscripts born in 1952–1961, 1962–1971 and
1972–1977).

11 The association between climate and atopic diseases
has been studied using worldwide data from 146
centres of the ISAAC Study (98). In Western Europe
(57 centres in 12 countries), the prevalence of asthma
symptoms, assessed by written questionnaire, in-
creased by 2.7% (95% CI: 1.0–4.5%) with an increase
in the estimated annual mean of indoor relative
humidity of 10%.

12 A birth cohort analysis of 29 238 children of the West
Midlands General Practice Research Database, UK
(99) has confirmed previous observations that the
presence of older siblings reduces the risk of
developing rhinitis, atopy and asthma. There was a
dose-related decrease in the incidence of rhinitis and
eczema with increasing number of older siblings. For
children diagnosed over the age of 2 years the pres-
ence of older siblings was protective for asthma. Birth
order and multiple birth effects were independent of
sex, maternal age, consulting behaviour, and parental
allergy and smoking habit.

13 Again in the UK, a birth cohort of 1456 children was
recruited over a 14-month period (1989–1990) and
their risk of asthma and rhinitis attributable to atopy
has been estimated (100). These children have been
seen at 1 and 2 years of age. At 4 years, 1218 children
were reviewed and an interview was administered or
postal questionnaire was completed for the presence

of allergic diseases (asthma, rhinitis and eczema).
Additionally, in 981 children, SPTs with a battery of
12 common allergens were performed. To ascertain
how much of allergic disease is attributable to atopy,
they estimated the population-attributable risk. The
authors conclude atopy is closely associated with
asthma, rhinitis and eczema at 4 years of age, with a
direct and linear relationship. However, the propor-
tion of cases of allergic disease attributable to atopy
is <50%, and propose a model for the development
of allergic disorders, where 30–40% of cases of
allergic disease (asthma, eczema and rhinitis) in early
childhood are attributable to atopy and 60–70% of
cases could be accounted for by organ-based and
other factors. Despite the author�s conclusions, one
should not forget allergic asthma and AR do not
follow sensitization immediately, and often appear
later than 4 years of age. Therefore, the estimates
presented by Arshad et al. considering 30–40% of
cases of allergic diseases in early childhood are
attributable to atopy should be followed by a ques-
tion: how much would it be at the age 10 years? If we
have a linear time-dependent correlation, uninflu-
enced by other environmental factors, it could
approach 100%.

14 A study was undertaken to determine whether asth-
ma and allergy were associated with irregular men-
struation in a general population, and the potential
role of asthma medication for this association (101).
A total of 8588 women participated in an 8-year
follow-up postal questionnaire study of participants
of the ECRHS stage I in Denmark, Estonia, Iceland,
Norway and Sweden. Only nonpregnant women not
taking exogenous sex hormones were included in the
analyses (n = 6137). Irregular menstruation was
associated with asthma, asthma symptoms and asth-
ma preceded by hay fever among women aged 26–
42 years. Irregular menstruation was associated with
new onset asthma in younger women but not in
women aged 42–54 years.

15 To examine whether frequent intake of margarine is
associated with allergy prevalence in adults, data on
7124 subjects aged 18–79 years were obtained from
the German National Health Survey 1998 (102).
Frequent intake of margarine of any kind was posi-
tively associated with current asthma during the past
12 months in young adults aged 18–29 years (OR:
2.33; 95% CI: 1.03–5.26). In subgroup analysis, the
positive association was confined to frequent intake
of low-fat margarine (4.51; 1.78–11.43) or the com-
bination of low-fat margarine and low-fat butter
(4.79; 1.84–12.44). Consumption of margarine of any
kind was not related to hay fever, atopic dermatitis
and atopic sensitization to inhalant allergens. The
authors conclude that frequent intake of low-fat
margarine is not consistently associated with allergic
diseases in adults. Other constituents of low-fat
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margarine or certain dietary habits and lifestyle fac-
tors, associated with the use of low-fat margarine,
may be related to current asthma.

16 To investigate potential associations between persis-
tent allergic symptoms in children and the concen-
tration of phthalates (components of plastic products
such as polyvinyl chloride – PVC) in dust collected
from their homes, a case–control study nested within
a cohort of 10 852 Sweedish children was performed
(103). From the cohort, 198 cases with persistent
allergic symptoms and 202 controls without allergic
symptoms were analysed. Higher median concentra-
tions of butyl benzyl phthalate (BBzP) in dust among
cases than among controls (0.15 vs 0.12 mg/g dust).
Analysing the case group by symptoms showed that
BBzP was associated with rhinitis (P = 0.001) and
eczema (P = 0.001), whereas di(2-ethylhexyl) phth-
alate (DEHP) was associated with asthma
(P = 0.022). This study shows that phthalates,
within the range of what is normally found in indoor
environments, are associated with allergic symptoms
in children.

17 To explore the impact of long-term air pollution on
asthma and AR, 6672 children aged 9–11 years re-
cruited from 108 randomly selected schools in six
French cities (104), and 3-year averaged concentra-
tions of major air pollutants were calculated at chil-
dren� schools. Both lifetime asthma and lifetime AR
were found to be positively related to an increase in
the exposure to sulphur dioxide, particulate pollution
and ozone after adjustment for potential confound-
ers. Such results are supported by experimental data.

Occupational exposures. Occupational exposures might
be relevant risk factors for asthma and rhinitis, although
no precise estimate of the size of the problem is currently
available.

1 A report on the time-course of the incidence of work-
related symptoms, skin reactivity, occupational rhi-
no-conjunctivitis and asthma, in apprentices exposed
to laboratory animals, in a 3–4 years programme has
been published (105). Four hundred and seventeen
apprentices at five institutions were assessed pro-
spectively with questionnaire, skin testing with ani-
mal-derived allergens, spirometry and airway
responsiveness (n = 373). At all follow-up visits, the
incidence was greater for work-related rhino-con-
junctivitis symptoms, followed by skin reactivity and
occupational asthma. Sensitization, symptoms and
diseases occurred maximally in the first 2–3 years
after starting exposure to laboratory animals.

2 A study of occupational risk for rhinitis and asthma
performed in Turkey (106), evaluated 125 grooms
randomly selected among 1000 grooms working in
the Hippodrome of Istanbul, compared to 92 subjects
who worked in the different parts of this hippodrome.

Sensitization to horsehair was found in 12.8% in
grooms and 4.3% in controls. Asthma was found in
14.4% of the grooms and 5.4% of the controls, AR in
42.4% of the grooms and 18.4% of the controls.
Forced expiratory volume in 1 s was significantly
lower in the groom group.

3 In Italy (107), the features of a large group of hair-
dressers consecutively referred for suspected occupa-
tional asthma over an 8-year period was described.
Forty-seven hairdressers (mean age, 25 years; range:
17–52) were studied. On the basis of the response to
the specific inhalation challenge, 24 patients received
a diagnosis of occupational asthma (51.1%), which
was due to persulphate salts in 21 patients (87.5%),
permanent hair dyes in two patients (8.3%) and latex
in one patient (4.2%). Thirteen of these 24 patients
(54.2%) also received a diagnosis of occupational
rhinitis, which was due to persulphate salts in 11
patients (84.6%) and to paraphenylenediamine in two
patients (15.4%). Patients with persulphate asthma
had a long period of exposure to bleaching agents, a
long latent period between the start of exposure and
the onset of symptoms, and a prevalent eosinophilic
airway inflammation in induced sputum. The SPT
with ammonium persulphate performed in a subset of
patients gave negative results.

4 A cross-sectional study of grape farmers has been
performed in the Malevisi region in northern Crete,
Greece (108). One hundred and twenty grape farmers
and 100 control subjects were examined. The proto-
col comprised a questionnaire, SPTs for 16 common
allergens, measurement of specific IgE antibodies
against eight allergens, and spirometry. Grape farm-
ers were found to have an excess of respiratory
symptoms. In multiple logistic regression model,
grape farmers were found to have increased work-
related symptoms, such as sneezing (OR: 2.9; 95%
CI: 1.3–6.6), rhinorrhoea (OR: 2.9; 95% CI: 1.3–6.6),
cough (OR: 3.7; 95% CI: 1.2–11.4) and dyspnoea
(OR: 3.8; 95% CI: 1.1–1.3). The prevalence of AR
was 40.8% in grape farmers and 26% in control
subjects (OR: 2.0; 95% CI: 1.1–3.5). Increased but
statistically nonsignificant values of asthma preva-
lence were found in grape farmers (6.7%) compared
with the control group (2.0%). The prevalence of
atopy was 64.2% in grape farmers and 38.0% in the
control group (OR: 2.2; 95% CI: 1.2–3.5). Mean
FEV1 was significantly lower in grape farmers than in
control subjects, after adjusting for age, sex and
smoking status.

5 To study the prevalence of respiratory symptoms and
diseases among construction painters a questionnaire
study was conducted on 1000 male Finnish con-
struction painters and 1000 carpenters (mean re-
sponse rate 60.5%; 109). Symptoms and diseases of
the respiratory tract were studied in relation to
occupation and duration of painting experience, by
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logistic regression modelling. Age, atopy and smok-
ing habits were taken into account. The painters re-
ported more asthma-like, rhinitis, laryngeal and eye
symptoms than the carpenters (OR: 1.4–1.8). The
difference in the prevalence of asthma between
the occupations was not statistically significant, but
the painters with 1–10 years of painting experience
had a threefold risk of asthma compared with the
carpenters. Occupation was not associated with AR
or conjunctivitis.

6 In Poland (110), a case–control study was conducted
to evaluate the risk factors of work-related respira-
tory symptoms and occupational asthma and/or rhi-
nitis in farmers. The study groups comprised 100
cases who were farmers reporting work-related asth-
matic and/or rhinitis symptoms and 102 healthy
controls. Respiratory allergic disease was recognized
in 68 symptomatic patients, including 41 cases of
occupational allergens (asthma: n = 38, rhinitis:
n = 41). Stepwise logistic regression analysis con-
firmed the protective role of small farms against
work-related symptoms (OR: 0.23; 95% CI: 0.11–
0.47) as well as the risk associated with positive SPT
to cereals (OR: 5.55; 95% CI: 1.6–19.21) and storage
mites (OR: 3.73; 95% CI: 1.27–10.96) for the presence
of these symptoms.

7 A prospective study describes the incidence, risk
factors and natural history of occupational respira-
tory allergy in apprentice bakers in Poland (111).
Two hundred and eighty-seven apprentice bakers
were examined using a questionnaire, SPTs to com-
mon and occupational allergens, evaluation of total
serum IgE level and specific antiflour and a-amylase
IgE, before, 1 year and 2 years after the onset of
vocational training. The incidence of work-related
chest symptoms was 4.2% in the first year and 8.6%
in the second year of exposure. Hypersensitivity to
occupational allergens developed in 4.6% and 8.2%
of subjects, respectively. The incidence of occupa-
tional AR was 8.4% after 1 year and 12.5% after
2 years, and that of occupational asthma/cough-var-
iant asthma 6.1% and 8.7%, respectively. In 21 of 25
subjects with occupational asthma, chronic cough
was the sole clinical manifestation of the disease.
Stepwise logistic regression analysis revealed that
positive SPT to common allergens was a significant
risk factor of hypersensitivity to occupational aller-
gens (OR: 10.6, 95% CI: 5.27–21.45), occupational
rhinitis (OR: 3.9, 95% CI: 1.71–9.14) and occupa-
tional asthma (OR: 7.4, 95% CI: 3.01–18.04).

In summary, asthma, AR and atopy usually share
common risk factors. The reports reviewed in this update
reinforce previous publications on this matter and are
compatible with the theory of asthma and rhinitis
being manifestations of one disease spectrum. Nonethe-
less, many studies have provided evidences for some

differences in environmental or genetic risk among these
related conditions, suggesting a certain degree of speci-
ficity for asthma or rhinitis. On the other hand, various
recent reports have identified factors associated with
reduced risk of atopy, asthma and AR, confirming
previous findings of protection related to exposure to
infections or close contacts with animals. The loss of these
protection factors in westernized societies may be more
relevant to the worldwide atopy epidemic than the risk
associated with environmental exposure to allergens.
According to the categories of evidence proposed by
Shekelle et al. (112):

Most of asthmatics present rhinitis Category of evidence I
Many patients with rhinitis present asthma Category of evidence I
Allergy is associated with rhinitis and asthma Category of evidence I
Occupational agents can cause rhinitis and asthma Category of evidence I
Nonallergic rhinitis is associated with asthma Category of evidence I
Allergic and nonallergic rhinitis are risk factors for

asthma
Category of evidence I

Rhinitis is associated with bronchial hyper-reactivity Category of evidence I

Rhinitis as a risk factor for asthma

Various studies around the globe and using different
observational designs have looked at the question
whether rhinitis is a risk factor for asthma, and if it is
an independent risk factor.

1 Leynaert and colleagues (113) have assessed whether
the coexistence of asthma and rhinitis could be
explained by common risk factors through an inter-
national cross-sectional study of young adults who
completed a detailed questionnaire and underwent
lung function tests, bronchoprovocation, IgE mea-
surements and SPT (ECRHS). In all countries,
asthma and BHR were more frequent in subjects with
rhinitis. About 74–81% of subjects with asthma re-
ported rhinitis, depending on sensitization to specific
allergens. The risk of asthma increased from 2.0% in
subjects without rhinitis to 6.7% in subjects with
rhinitis only when exposed to pollen, 11.9% in sub-
jects with rhinitis when exposed to animals, and
18.8% in subjects with rhinitis either when exposed to
pollen or to animals. The association between rhinitis
and asthma remained significant after adjustment for
total IgE, parental history of asthma, and allergen
sensitization suggesting that the coexistence of asth-
ma and rhinitis is not solely due to atopic predispo-
sition to these two diseases. Although there were
some variations in the association between asthma
and rhinitis according to sensitization to individual
allergens, the strong association between asthma and
rhinitis was not fully explained by shared risk factors,
including atopy.
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2 Lombardi et al. (114) describe the follow-up of 99
allergic patients up to 10 years and the evolution of
their disease. At baseline, 44 patients suffered from
AR alone, 12 from allergic asthma alone and 43 from
both AR and allergic asthma. After 10 years, 31.8%
of the AR patients developed allergic asthma and
50% of the patients with allergic asthma developed
AR. Sixty-five per cent of patients with a single sen-
sitization to aeroallergens at the beginning developed
new sensitizations.

3 Ninety-four children with atopic dermatitis were
followed up to 7 years of age by Gustafsson et al.
(115). During the follow-up, the eczema improved in
82 of the 94 children, but 43% developed asthma and
45% AR.

4 A nested case–control study of adult-onset asthma
was performed in a random sample from the general
population (n = 15 813), aged 21–51 years, in Swe-
den (116). Cases for the study included subjects
reporting doctor-diagnosed asthma (n = 235) and
controls (n = 2044) randomly selected from the
whole population sample. The case–control sample
was investigated with a comprehensive respiratory
questionnaire. Adult-onset doctor-diagnosed asthma
was associated with occurrence of noninfectious rhi-
nitis before the onset of asthma (OR: 5.4). This
population-based study indicates that chronic rhinitis
is associated with increased risk for adult-onset
asthma.

5 Another nested case–control study (117), conducted
in Arizona, USA, evaluated 173 incident patients
with doctor-confirmed asthma who were compared
with 2177 subjects who reported no asthma or
shortness of breath with wheezing. Potential risk
factors, including the presence of rhinitis, were as-
sessed before the onset of asthma (patients) or before
the last completed survey (control subjects). Rhinitis
was found to be a significant risk factor for asthma
(crude OR: 4.13). After adjustment for years of fol-
low-up, age, sex, atopic status, smoking status and
presence of COPD, the magnitude of the association
was reduced but still highly significant (adjusted OR:
3.21). After stratification, rhinitis increased the risk of
development of asthma by about three times both
among atopic and nonatopic patients and by more
than five times among patients in the highest IgE
tertile. Patients with rhinitis with persistent and se-
vere nasal symptoms and a personal history of doc-
tor-confirmed sinusitis had an additional increased
risk of asthma development.

6 To assess the risk factors for onset and remission of
AR and asthma in Swedish adults (118), a random
sample of 1370 subjects, aged 20–44 years was
investigated by means of postal questionnaires in
1990 and 1993. Skin prick tests were conducted in
1991–1992. The association between risk factors and
onset or remission of AR and asthma was estimated

using multivariate logistic regression analysis. Onset
of AR was associated with sensitization to birch (OR:
6.5), Parietaria (OR: 7.4) and pets (OR: 3.0). Onset of
asthma was associated with AR (OR: 4.9), sensitiza-
tion to pets (OR: 2.4) and with smoking (OR: 3.0).
Onset of asthma was strongly associated with AR
among atopics (OR: 5.7), but onset of asthma and
rhinitis also tended to be related among nonatopics
(OR: 3.5).

7 To evaluate the association of rhinitis and atopic
eczema with asthma severity among asthmatic
schoolchildren, the ISAAC Questionnaire was
applied to parents of 6- to 7-year-old (n = 3033), and
to 13- to 14-year-old (n = 3487) schoolchildren liv-
ing in Sao Paulo, Brazil (119). Prevalence of severe
asthma was higher among children and adolescents
with asthma, rhinitis and eczema combined. In pa-
tients with asthma, the presence of rhinitis or eczema,
each taken independently, was a risk factor for severe
asthma, and the presence of concomitant rhinitis and
eczema was associated with a higher risk.

8 A birth cohort study of 494 Brazilian children (120)
born in 1993 and followed up to the age of 6 years in
Pelotas has also demonstrated rhinitis is a risk factor
for asthma. A standardized and validated asthma
questionnaire, based on the ISAAC, was applied. The
prevalence of asthma found in this study was 12.8%
(95% CI: 10–15.9%). In the multivariate analysis,
risk factors such as nonwhite skin colour were found
to be associated with a relative risk (RR) of 1.9 (95%
CI: 1.1–3.3%), family history of asthma (RR: 2.8;
95% CI: 1.5–5.1), AR (RR: 2.6; 95% CI: 1.5–4.4) and
maternal smoking during pregnancy (RR: 1.7; 95%
CI: 1–2.9).

9 In Denmark (121), a study of the clinical outcome of
asymptomatic hyper-responsiveness (BHR) to hista-
mine or exercise-induced bronchospasm has looked
at data from a 12-year follow-up study of a random
population sample of individuals aged 7–17 years at
enrolment. Only individuals without asthma at
enrolment were included in the analysis. Among the
281 nonasthmatic participants studied, 58 (22%) had
BHR to histamine, 33 (12%) had exercise-induced
broncospasm (EIB) and 82 (29%) had BHR to his-
tamine and/or EIB. At follow-up, 37.9% of individ-
uals with BHR to histamine and 30% of individuals
with EIB had developed current asthma, compared
with only 5% of individuals in whom these test results
were negative. In patients with BHR to histamine,
parental asthma (OR: 12.6; 95% CI: 1.5–108.5), fur-
red pet ownership (OR: 6.0; 95% CI: 1.2–19.6), and
dermatitis and/or rhinitis in childhood (OR: 2.2; 95%
CI: 1.1–5.1) predicted the subsequent development of
asthma.

10 In Arizona (122), USA, in a large longitudinal
cohort, a study was performed to determine whether
rhinitis is significantly associated with recurrent
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cough alone, wheezing alone or the combination of
both symptoms during childhood. Determinants of
recurrent cough, with or without wheezing, were
investigated using longitudinal data from the Tucson
Children�s Respiratory Study. Among the 1246 sub-
jects originally enrolled, 1024 children completed at
least one questionnaire between the ages of 6 and
18 years and were included in the present study. After
adjusting for sex, skin test reactivity and parental
asthma, both rhinitis (OR: 2.47; CI: 1.84–3.30) and
sinusitis (OR: 1.54; CI: 1.11–2.14) were associated
with an increased risk of recurrent cough plus
wheezing.

11 Another study to evaluate the interrelationship
between rhinitis and cough has used data from the
�Pisa Prospective Study�, a population-based longi-
tudinal cohort study composed of a baseline and a
follow-up survey taken approximately 5 years apart
from each other in Pisa (123). Information on cough,
rhinitis and other risk factors was collected by a
standardized questionnaire. Complete information
was available for 1670 subjects who were ‡15 years
old and had no positive history of cough apart from
colds at the baseline survey. Among them, 299 (18%)
had rhinitis at baseline. By the follow-up survey, 16%
of the subjects with rhinitis had developed any cough
apart from colds, when compared with only 10% of
the subjects without rhinitis (OR: 1.7, 95% CI: 1.2–
2.5). After adjustment for age, gender, asthma sta-
tus, smoking and occupational exposure, rhinitis
remained significantly associated with an increased
risk of cough.

12 Again in Italy (124), a 7-year follow-up of a homo-
geneous population of nonasthmatic children with
AR has been performed to study and its role in
asthma development. Twenty-eight children (6–
15 years) with AR were studied. None of the children
with negative methacholine test developed bronchial
asthma after 7 years. Of the 13 hyper-reactive to
methacholine only two reported asthma symptoms
after 7 years.

13 A secondary analysis of a previous prospective study
identified 568 pregnant women whose patient-re-
ported asthma course during pregnancy was com-
pared with the women�s usual disease course (125).
Improvement of asthma during pregnancy was noted
in 33.6%, worsening was reported in 36.3%, no

change was reported in 26.4% and the course was
uncertain in 3.7%. There was a significant concor-
dance between asthma course and course of rhinitis
during pregnancy. Rhinitis improved in 51.1% of
patients whose asthma improved during pregnancy
and worsened in 19.8% of these women. Rhinitis
worsened in 55.9% of patients whose asthma wors-
ened during pregnancy and improved in 2.1% of
these women. The authors speculate the relationship
of gestational asthma course to rhinitis symptoms
may have clinical and mechanistic significance.

Table 2 summarizes the reports on this topic. Previous
observations of increased risk of asthma among subjects
suffering from rhinitis have been confirmed in many
studies in different countries from three continents.
Furthermore, new evidence supports the concept that
the risk is not restricted to individuals with AR. The
increased risk of asthma has been observed in suffers
from non-AR likewise.

Rhinitis has an impact on asthma severity

This is a recent concept, neither investigated in detail
previously, nor emphasized in previous ARIA Reports.

1 To determine the incremental effect of AR on
healthcare resource use in adults with asthma, a ret-
rospective cohort study using data from an UK
general practice enrolled subjects 16–55 years of age,
with asthma-related GP visits during a 12-month
follow-up period (126). Concomitant AR was docu-
mented in 4611 (16.9%) of the total sample of 27 303
adults with asthma. Compared to those with asthma
alone, patients with concomitant AR experienced
more GP visits (5.2 vs 4.2; P < 0.0001) and more of
them were hospitalized for asthma (0.76% vs 0.45%;
P < 0.01) during the 12-month follow-up period. In
multivariable regression analyses, AR was predictive
of hospitalization for asthma (OR: 1.52, 95% CI:
1.03–2.24) and was associated with an increase in the
annual number of asthma-related GP visits and an-
nual asthma-related drug costs.

2 A similar study was performed to determine the
incremental effect of AR on healthcare resource use
in children with asthma (127). A population-based
historical cohort study in a general practice database

Table 2. Rhinitis as a risk factor for asthma

Authors Location Number of subjects Study design Estimated risk Comments

Leynaert et al. (113) Europe (ECRHS) 90 478 adults Cross-sectional 6.63 (OR) Nothing remarkable
Toren et al. (116) Sweden 15 813 adults Nested case–control 5.4 (OR) Nothing remarkable
Guerra et al. (117) USA 2350 Nested case–control 3.21 (OR) Atopic and nonatopic
Plaschke et al. (118) Sweden 1370 adults Cross-sectional 4.09 (OR) for allergic rhinitis 3.5 (OR) for nonallergic rhinitis
Chatkin and Menezes (120) Brazil 494 children Birth cohort 2.8 (RR) Nothing remarkable

OR, odds ratio; RR, relative risk.
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in the United Kingdom during 1998–2001, looking at
children 6–15 years old with asthma. Of 9522 chil-
dren with asthma, 1879 (19.7%) had AR recorded in
the general practice (GP) medical records. Compared
with children with asthma alone, children with
co-morbid AR experienced more GP visits (4.4 vs 3.4)
and more of them were hospitalized for asthma (1.4%
vs 0.5%) during the 12-month follow-up period. In
multivariable regression analyses, co-morbid AR was
an independent predictor of hospitalization for
asthma (OR: 2.34; 95% CI: 1.41–3.91) and was
associated with increases in the number of asthma-
related GP visits and asthma drug costs. The associ-
ation between AR and higher costs of prescriptions
for asthma drugs was independent of asthma severity,
measured indirectly by the intensity of use of asthma
drugs.

3 An assessment of asthma-related medical resource
use in asthmatic patients according to coexistence of
AR in a clinical trial to evaluate the addition of
montelukast or salmeterol to baseline treatment with
inhaled fluticasone (128). A post hoc analysis of a 52-
week, double-blind multicentre clinical trial including
1490 adults with chronic asthma, aged 15–72 years
was undertaken. A self-reported history of concomi-
tant AR was identified in 60% of the patients
(n = 893). Multivariate analysis adjusting for treat-
ment group, age and baseline asthma severity indi-
cates the presence of concomitant AR in patients with
asthma increases the likelihood of emergency room
visits (OR: 2.35, 95% CI: 1.12–4.80) and asthma
attacks (OR: 1.35, 95% CI: 1.03–1.77). Patients with
asthma alone compared with patients with both
conditions did not differ in terms of unscheduled or
specialist visits and hospitalizations.

4 Aiming to assess the effect of concomitant AR on
asthma-related hospital resource utilization among
children below 15 years of age with asthma in Nor-
way (129), a population-based retrospective cohort
study of children (aged 0–14 years) with asthma was
conducted using data from a patient-specific public
national database of hospital admissions during a
2-year period, 1998–1999. Among 2961 asthmatic
children under 15 years of age with at least one asth-
ma-related hospital admission over a 2-year period,
795 (26.8%) had a recorded history of AR. Asthmatic
children with AR had a 1.72 times greater hazard of
asthma-related readmissions than asthmatic children
without AR. Multivariate analysis revealed that his-
tory of concomitant AR was also a significant pre-
dictor of increased number of hospital days per year.

5 In Canada (130), to investigate the severity of asthma
among patients with and without nasal symptoms,
atopic and nonatopic asthmatic patients were iden-
tified from the records of a university-based asthma
clinic. A total of 178 patients were classified as having
atopic asthma and 218 as having nonatopic asthma.

The atopic asthmatic patients with nasal symptoms
had a higher mean FEV1, a higher FVC, and a higher
FEV1/FVC ratio, used fewer oral steroids, and had
fewer hospitalizations. The nonatopic asthmatic pat-
ients with nasal symptoms used more inhaled steroids
(and they were also more likely to have nasal polyps
on examination).

6 An interesting recent letter (131) has reported that
nasal response to natural cat allergen exposure is
significantly greater in patients with rhinitis and
asthma than in patients with rhinitis alone, suggesting
the existence of two-way phenomena in this matter
and further supporting the �united airways� concept.

Most reports have demonstrated an association between
the presence of rhinitis and asthma severity or health
resources consumption because of asthma. These obser-
vations are in accordance with the hypothesis that both
asthma and rhinitis are manifestations of the same disease
that affects the entire airways. In such circumstances,
uncontrolled rhinitis could contribute to poor asthma
control, or else, uncontrolled rhinitis could be a sign of
the severity of the airway disease affecting also the lower
airways.

Asthma and rhinitis – costs

Previous ARIA reports have stated both asthma and
rhinitis represent a significant burden to the healthcare
system, to families and to society, and rhinitis increases
the cost of asthma.

1 Schramm and colleagues (132) evaluated the cost of
illness of moderate-to-severe atopic asthma and/or
SAR in Germany from the perspective of third-party
payers and patients, in a cross-sectional study of 500
patients. Information was collected using a specific
patient questionnaire and the abstraction of patient
records. Overall, annual costs per patient increased
with the severity of atopic asthma and if it was
associated with AR. The average annual cost of SAR
was €1089 per child/adolescent and €1543 per adult.
Annual costs of severe asthma plus SAR increased to
€7928 per child/adolescent and to €9287 per adult.
For third party payers, the main cost drivers were
medication, hospitalization and rehabilitation. The
most significant costs for patients were household
modifications. For children/adolescents, 60–78% of
the expenditures were direct costs, while in adults,
58% of expenditures were indirect costs.

2 In the USA (133), a retrospective cost of illness study
of AR on asthma medical care resource utilization
has been undertaken, by comparing patients with
asthma plus AR to patients with asthma alone.
Patients with one or more claims for asthma
(n = 27 398) were identified from a database from a
U.S. health insurance plan. A subset of 9226 patients
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who had at least one visit for AR was included in the
analysis. The presence of AR was associated with
greater frequencies and costs of prescriptions for all
asthma-related medications. Allergic rhinitis in
patients with asthma nearly doubles annual medical
resource utilization and costs and is associated with
increased consumption of asthma-related medica-
tions. This study reinforces previous observations
already registered in ARIA basic documents.

The costs of rhinitis and asthma are cumulative and the
proportion of direct and indirect costs may vary depend-
ing on the age of subjects.

Genetic studies

Asthma and rhinitis have been associated with common
genetic determinants of atopy. However, no genetic
characterization of individuals that would have rhinitis
without asthma, when compared to those with concom-
itant rhinitis and asthma has been established. Research
work has begun to explore this matter.

1 An investigation performed in Poland (134) looked at
HLA-DR genotyping with the sequence-specific
primers method in 82 patients with symptoms of SAR
and/or bronchial asthma and 52 healthy nonatopic
control subjects. A significant association was found
between HLA-DRB1*02, B5* haplotype and asthma
phenotype in patients with grass-pollen allergy when
compared to patients with rhinitis only.

2 Palmer et al. (135) have investigated the genetic and
environmental components of variance in FEV1 and
FVC measured in adulthood in an Australian
population-based sample of 468 Caucasian nuclear
families. The interrelationships of the genetic deter-
minants of these traits with asthma and atopic rhinitis
were also investigated. Serial cross-sectional studies
were conducted in Western Australia between 1966
and 1981 and follow-up of previous attendees was
undertaken in 1995. Data from each subject included
in this study were from a single survey in adulthood
(25–60 years of age) when the subject was as close to
age 45 years as possible. Multivariate analysis sug-
gested that FEV1 and FVC levels were associated
with age, sex, height, tobacco smoke exposure, asth-
ma and atopic rhinitis. After adjustment for relevant
covariates, FEV1 levels had a narrow-sense herita-
bility (h2N) of 38.9%. Forced vital capacity levels
had an h2N of 40.6%. Extended modelling demon-
strated little overlap in the genetic determinants of
asthma or atopic rhinitis and either FEV1 or FVC
levels. The results of this study were consistent with
the existence of important genetic determinants of
adult lung function that are independent of asthma or
other atopic disease, cigarette smoking, height, age or
sex.

3 In a sample of 295 French families with at least one
asthmatic subject (136), a genome screen was con-
ducted to identify potential linkage regions specific
either to AR or to asthma as well as those shared by
the two diseases. Two binary rhinitis phenotypes
based on (i) diagnosis (ARbin1) and (ii) symptoms
(ARbin2) and a categorical ordered trait (ARcat)
were considered. Asthma phenotype was based on
answers to a standardized questionnaire plus the
presence of BHR. Linkage analyses were conducted
using the maximum likelihood binomial (MLB)
method. These analyses provided potential evidence
for linkage to three regions in the whole sample: 1p31
for the phenotype defined by ARbin2 plus asthma
(P = 0.00016), 2q32 for ARbin2 (P = 0.00016) and
3p24-p14 for ARcat (P = 0.001). Two other regions
were detected in the subset of 185 families with at
most one asthmatic sib: 9p22 and 9q22-q34 for
ARbin1 (P = 0.001 and 0.0007, respectively). No
region showed evidence for linkage to asthma with-
out being also linked to AR. While 1p31 may contain
a genetic determinant common to asthma and AR,
2q32, 3p24-p14, 9p22 and 9q22-q34 are more likely to
harbour genetic factors specific to AR.

4 To investigate the genetic characteristics of atopic
basis of asthma, and the sensitization to mite (D.
pteronyssinus) allergens as a pathophysiologically
important intermediate phenotype, a genome-wide
scan was performed based on a multiethnic European
population consisting of 82 nuclear families with at
least two affected siblings (137). Three novel regions
appeared to be significant: the region 2p12 and the
region 16q21. Themost significant result was found for
the region 3q21.3 with the same microsatellite marker,
which showed significant linkage to atopic dermatitis
in another study. The authors conclude these findings
indicate that atopy, allergic asthma, AR and eczema,
on one hand, are distinct traits on both the clinical and
genetic basis, but on the other hand, the results also
underline that these traits are closely related diseases
concerning the atopic basis of the traits.

A few studies have indicated the existence of genetic
determinants of predisposition for rhinitis without
asthma or rhinitis with concomitant asthma. Further
investigation is required to fully understand this complex
matter.

Common aspects in pathogenesis

ARIA publications have stated:

1 asthma and rhinitis are common co-morbidities,
suggesting the concept of �one airway, one disease�;

2 many patients with AR have nonspecific BHR;
3 pathophysiological studies suggest a strong relation-

ship between rhinitis and asthma. However, only a
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few studies have compared nasal and bronchial
biopsies in the same subjects. In these studies the
following features were demonstrated: there was a
variable degree of inflammation between the nose and
bronchi; airway remodelling was present in most
asthmatics, but it was not obvious in rhinitis; epi-
thelial shedding was more pronounced in the bronchi
than in the nose and

4 there is a need for further studies to investigate
common and differential pathophysiological mecha-
nisms.

Biopsy and nasal lavage studies

1 Aiming to compare airway inflammation and
remodelling in nasal and bronchial mucosa of sub-
jects with AR with or without asthma, Braunstahl
et al. (138) have examined four experimental groups:
allergic asthma and rhinitis; AR, no asthma; atopic
subjects, with no asthma, no rhinitis and nonallergic
healthy control subjects. In nasal and bronchial mu-
cosa, numbers of eosinophils were significantly higher
in rhinitis patients with and without asthma than in
asymptomatic atopics and controls. In bronchial
mucosa, the reticular basement membrane (RBM)
was significantly thickened in rhinitis patients with
and without asthma compared to asymptomatic
atopics and controls, while in nasal mucosa no dif-
ferences were seen. This study shows that allergic
inflammation, increased basement membrane thick-
ness and epithelial desquamation are present in the
lower airways of atopic subjects, even before the
onset of clinical symptoms. Despite the presence of
inflammatory cells, no structural changes could be
assessed in nasal mucosa of allergic patients.

2 Braunstahl et al. (139) have also looked at the path-
ophysiological connections between the nose and
lungs and reported a comparison on allergic inflam-
mation and clinical findings in the upper and lower
airways after segmental bronchial provocation in
nonasthmatic AR patients. Eight nonasthmatic, grass
pollen-sensitive patients with AR and eight healthy
controls were studied. Bronchial biopsies and blood
samples were taken before (T0) and 24 h (T24) after
segmental bronchial provocation. Nasal biopsies
were obtained at T0, 1 h after provocation (T1) and
T24. Immunohistochemical staining was performed
for eosinophils, interleukin (IL)-5 and eotaxin. The
number of eosinophils increased in the challenged
and unchallenged bronchial mucosa and in the blood
of atopic subjects at T24. An increase of eosinophils
and eotaxin-positive cells in the nasal lamina propria
and enhanced expression of IL-5 in the nasal epi-
thelium of atopic subjects was observed only at T24.
Segmental bronchial provocation induced nasal and
bronchial symptoms as well as reductions in pulmo-

nary and nasal function in the allergic group. No
significant changes could be observed in healthy
controls. In summary, the study shows that segmental
bronchial provocation, in nonasthmatic AR patients,
results in peripheral blood eosinophilia, and can
induce allergic inflammation in the nose.

3 Gaga et al. (140) have examined whether inflamma-
tory cellular infiltration exists in the nasal mucosa of
asthmatics even in the absence of symptoms and signs
of rhinitis, by performing nasal mucosa biopsies in 27
nonatopic subjects comprising nine asthmatic rhinitis
patients, eight asthmatic nonrhinitis patients and 10
healthy control subjects. Bronchial mucosa biopsies
were also taken simultaneously from some of the
patients (n = 10) to determine whether there was an
association between cellular infiltration in the nose
and the lungs. Eosinophil counts were higher in both
asthma groups compared with control nasal biopsies
(median values for asthmatics with symptoms of
rhinitis = 8.3, and for asthmatics without symptoms
of rhinitis = 9.2, whereas normal controls had 2.1
eosinophils per field). Furthermore, there was a sig-
nificant correlation between eosinophil counts in the
nose and the airways (r = 0.851). The authors con-
clude that eosinophil infiltration was present in the
nasal mucosa of asthmatic patients even in the
absence of symptoms of rhinitis.

4 Milanese et al. (141) have reported a study on the
association between bronchial RBM thickness and
airway responses to inhaled methacholine in peren-
nial allergic asthma, perennial AR, SAR and COPD.
Reticular basement membrane was significantly
thicker in asthma (10.1 ± 3.7 lm) and perennial
rhinitis (11.2 ± 4.2 lm) than in seasonal rhinitis
(4.7 ± 0.7 lm) and COPD (5.2 ± 0.7 lm). The
authors concluded that RBM thickening is not un-
ique to bronchial asthma, it may also happen in
subjects with perennial AR.

5 Crimi et al. (142) examined nine subjects with mild
asthma and eight with rhinitis alone who underwent
methacholine and allergen inhalation challenges,
preceded and followed by bronchoalveolar lavage
and bronchial biopsy. The authors have concluded
that rhinitic subjects may develop similar airway
inflammation and remodelling as the asthmatic sub-
jects.

6 To test the hypothesis that histopathological features
of asthma are also present in sino-nasal specimens
from patients with chronic rhinosinusitis, Ponikau
et al. (143) examined histological specimens from 22
randomly selected patients with refractory chronic
rhinosinusitis undergoing endoscopic sinus surgery
and four healthy control subjects. Specimens from
all patients with chronic rhinosinusitis (22 of 22)
revealed epithelial damage (shedding) and basement
membrane thickening. Strikingly heterogeneous
eosinophilic inflammation, which did not differ
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between allergic and nonallergic patients, was de-
tected in all patients with chronic rhinosinusitis and
was absent in all healthy control subjects. Although
the methodology utilized in this study has limitations,
such as a limited number of controls that may have
resulted in bias, the results suggest that histopatho-
logical findings of asthma, heterogeneous eosino-
philic inflammation and features of airway
remodelling, might also be present in chronic rhi-
nosinusitis.

7 A comparison between the airway inflammatory
response to antigen in patients with atopic asthma
and AR has also been reported (144). Segmental
bronchoprovocation with saline or ragweed antigen
was performed in nine patients with atopic asthma
and nine patients with AR without asthma. Antigen
challenge led to similar patterns of cellular recruit-
ment, mediator levels and bronchoalveolar lavage cell
cytokine generation in both groups; however, the
dose of antigen required to promote comparable
responses in the airway was significantly less in
patients with asthma, which suggests that the pattern
of acute airway inflammation in response to allergen
does not by itself explain antigen-induced lower air-
way obstruction and asthma symptoms. The authors
speculate that other factors, such as increased airway
sensitivity to allergen or pre-existing airway injury
and remodelling, might explain why patients with
asthma and rhinitis differ in their clinical and physi-
ological response to antigen exposure.

8 Boulay and Boulet (145) have examined lower airway
inflammatory changes following repeated inhalation
of very low doses of allergen in nonasthmatic subjects
with AR compared with mild allergic asthmatic
subjects. The conclusion of the study is that very low
doses of allergen can increase the percentage of eo-
sinophils in induced sputum of nonasthmatic subjects
with AR without associated respiratory symptoms or
physiological modifications.

9 Riccio et al. (146) have evaluated the cytokine levels
in nasal lavage fluids of asthmatic children suffering
of chronic rhino-sinusitis, to compare the allergic vs
nonallergic subjects. Thirty-five asthmatic children
were evaluated, with an average age of 8.7 years.
Twenty were allergic and 15 were nonallergic. Ten
healthy children were studied as normal controls.
Allergic subjects showed a significant increase of IL-4
and tumour necrosis factor (TNF)-a and a significant
decrease of IL-12 and of interferon (IFN)-c, whereas
IL-1b, IL-6 and IL-8 were not significantly increased.
Nonallergic children showed a significant increase of
IL-4 and a significant decrease of IFN-c, IL-12 was
not significantly decreased, and IL-1b, IL-6 and IL-8
were not significantly increased. A significant
inflammatory nasal cytological pattern was present in
all asthmatic children. Significant correlations were
demonstrated between IL-4 and IL-12, IL-12 and

IFN-c, IL-8 and neutrophils and TNF-a and mono-
cytes/macrophages, in allergic asthmatics. Interleu-
kin-4 and IL-12 were significantly correlated as well
as IL-8 and neutrophils in nonallergic asthmatics.
The authors conclude that allergic asthmatic children
with chronic rhino-sinusitis have a typical Th2 cyto-
kine pattern, but also nonallergic asthmatic children
share a similar pattern. These findings would suggest
the existence of a common pathophysiological
mechanism shared by upper and lower airways and
are consistent with the concept of united airways
disease.

10 A study by Palczynski et al. (147) aimed to evaluate
the changes in the nasal cytogram, and nasal lavage
recovered fluids protein content, eosinophil cationic
protein and mast-cell tryptase concentrations after
glutaraldehyde inhalation challenge in patients with a
history of glutaraldehyde-induced asthma. There was
a significant increase in eosinophil number and per-
centage, albumin, eosinophil cationic protein and
tryptase concentrations in nasal lavage recovered
fluids from patients with occupational asthma and
rhinitis when compared to controls. The results
indicate the immunological mechanism of glutaral-
dehyde induced asthma as assessed by the nasal
recovered fluids.

11 Aiming to characterize lower airway inflammation in
nonasthmatic subjects with SAR, Chair et al. (148)
studied bronchial biopsies from subjects with rhinitis
who had no past or current history of asthma. The
results showed that natural pollen exposure was
associated with an increase in lymphocyte numbers,
eosinophil recruitment and IL-5 expression in the
bronchial mucosa of nonasthmatic subjects with AR.

12 Aiming to map the inflammatory process in fatal
asthma (149), from the upper airways to the lung
parenchyma, eosinophil, neutrophils, mast cell and
lymphocyte content were determined in nasal muco-
sa, the trachea, intrapulmonary airways and paren-
chyma (per bronchiolar and distal) of 20 patients with
fatal asthma and 10 controls. Eosinophil content was
higher in all studied areas in fatal asthma compared
with controls. Mast-cell content was higher in the
outer area of larger airways, small membranous
bronchioles and in per bronchiolar parenchyma of
fatal compared with controls. There was a positive
correlation between CD4 + cell content in nasal
mucosa and larger airways in asthmatics.

13 A study of induced sputum and acetylcholine and
capsaicin challenges were assessed in four groups of
adult subjects: AR, AR with lower airway symptoms,
mild stable asthma and healthy volunteers to corre-
late lower airway inflammatory markers with bron-
chial and cough reactivity. Patients with AR (n = 13)
and AR with lower airway symptoms (n = 11) did
not take any anti-inflammatory drugs. Those with
asthma (n = 9) used inhaled glucocorticosteroids
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and healthy volunteers (n = 10) were respiratory
symptoms free. The patients underwent capsaicin
cough challenge and sputum induction with hyper-
tonic saline during the first visit, and acetylcholine
bronchial challenge on a separate day. The percent-
age of eosinophils in induced sputum was signifi-
cantly higher in patients with AR, AR with lower
airway symptoms, and asthma than in healthy vol-
unteers. In contrast, acetylcholine PD(20) in patients
with AR, AR with lower airway symptoms and
asthma was significantly lower than in healthy vol-
unteers, leading to the conclusion that eosinophilic
inflammation of lower airways and increased bron-
chial reactivity were present in adult patients with
AR.

14 An assessment of nasal symptoms and flow, cytology,
cytokines, pulmonary function and methacholine
positivity in a large number of patients with pure
pollinosis has been undertaken in Italy (150). Young
men presenting at a military hospital for routine
follow-up were recruited for the study. They had to
suffer from rhinitis alone (without asthma) for at least
2 years and had to have a positive SPT to pollens
only. During the pollen season, they underwent
symptom evaluation, measurement of nasal flow,
nasal scraping and lavage (cell count and assay for
IL-4, IL-5, IL-8 and IFN-c), pulmonary function
tests and methacholine challenge. Fifty subjects
(23.7 ± 4.9 years old) were enrolled. All patients had
high clinical scores and inflammatory cells with a low
nasal flow. The number of eosinophils in nasal
scrapings highly correlated with all the above-men-
tioned parameters, including nasal flow, cytokines
and spirometric values. A significant positive corre-
lation was found between all inflammatory cells and
all cytokines. Methacholine test positivity signifi-
cantly correlated with the number of eosinophils in
the nasal smear.

Nasal and bronchial inflammation in asthma and rhinitis
share many common aspects. Remodelling, defined as
�model again or differently, reconstruct�, is present in the
airways of almost all asthmatic patients. The pathological
extent of nasal remodelling in patients with rhinitis seems
to be far less extensive than that of the lower airways,
although remodelling has been demonstrated in the
paranasal sinuses ( 151, 152). In AR, epithelial damage
is only minimal, and the RBM does not appear to be
thickened. Moreover, fibrogenic growth factors have been
shown in the nasal mucosa of patients with AR, but have
not been linked to extracellular matrix changes yet (153).
The reasons why remodelling appears to be less extensive
in the nasal mucosa than in the bronchial mucosa are still
unclear, but two hypotheses can be put forward. On one
hand, the cytokine production of smooth muscle cells that
are poorly represented in the nose might partly explain
differences in remodelling of the two sites of the airways.

On the other hand, the genes of the embryologic
differentiation might persist in the nose and bronchi or
might be re-expressed in asthma and rhinitis. Because the
nose is of ectodermal origin and the bronchi of endoder-
mal origin, these genes might also govern remodelling
patterns. More studies are urgently required to better
characterize nasal remodelling in patients with rhinitis. A
better understanding of nasal and bronchial remodelling
might help to identify new pathways and new therapeutic
strategies to reduce long-term remodelling in asthma (1,
154, 155).

Indirect methods to assess inflammation

1 An evaluation of exhaled nitric oxide (eNO) and SPT
were conducted among 53 asthmatic children without
corticosteroid treatment and 96 nonasthmatics, in
France (156). Atopic asthmatic children had higher
eNO than nonatopic asthmatic children with a sig-
nificant increase when one SPT or more were posi-
tive. Similarly, nonasthmatic, atopic subjects had
higher eNO than nonatopic subjects with a significant
increase when two SPTs or more are positive. In the
case of equal levels of positive SPTs, asthmatic chil-
dren always had higher eNO than nonasthmatic ones.
Furthermore, among nonasthmatic children, the eNO
level increased only in atopics who had rhinitis.

2 A cross-sectional study of the respiratory health of
bleachers conducted in 246 nonsmoking bleachery
and paper-mill workers (157), who answered a ques-
tionnaire and were examined by measurements of
exhaled and nasal nitric oxide (nNO) and spirometry,
outside the pollen season. Blood samples were col-
lected and analysed for specific IgE against common
aeroallergens (birch, timothy, cat and house dust
mite). The atopic and the nonatopic subjects without
asthma or rhinitis had similar levels of eNO. Subjects
reporting asthma or rhinitis who were also sensitized
to perennial allergens had higher levels of eNO,
whereas those sensitized to only seasonal allergens
had similar eNO levels as nonatopic subjects with
asthma or rhinitis. In multiple linear regression
models adjusted for nNO, eNO was associated with
asthma and sensitization to perennial allergens. The
results indicate that only atopic subjects who have
recently been exposed to the relevant allergen have
elevated levels of eNO. Atopic subjects who are not
being exposed to a relevant allergen or have never
experienced symptoms of asthma or rhinitis show
normal eNO. These observations suggest varying
inflammation in the respiratory tract of atopics re-
lated to asthma and rhinitis, which is dependant on
exposure to allergen.

3 Aiming to investigate the relationship between eNO,
total serum IgE and allergic sensitization in child-
hood asthma and AR, eNO levels, lung function,
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SPTs and total serum IgE were determined in 109
children (mean age, 10.4 years) with mild intermittent
asthma and in 41 children (mean age, 10.1 years) with
AR; 25 healthy nonatopic children were recruited as
controls. Exhaled nitric oxide levels (median) were
significantly higher in patients with asthma
(22.7 p.p.b.) and in those with AR (15.3 p.p.b.) than
in healthy controls (5.9 p.p.b.). Children with allergic
asthma had higher eNO levels than children with AR.
A significant positive correlation was found between
eNO and total serum IgE (asthma, r = 0.42,
P > 0.0001; AR, r = 0.31, P > 0.01), and between
eNO and the number of positive SPTs (asthma,
r = 0.31, P < 0.0001; AR, r = 0.39, P < 0.01).
This correlation was independent of allergic sensiti-
zation. High total serum IgE represents a specific and
predictive marker of eNO increase in children with
asthma or AR. This finding adds further support to
the hypothesis that increased serum IgE could be
itself a marker of airway inflammation in patients
with allergic disease.

4 In a study to examine the clinical features of asthmatic
patients with increased excretion levels of urinary
LTE4 (hyperleukotrienuria), Higashi et al. (158) have
measured the U-LTE4 concentrations in 137 asth-
matic patients (including 64 patients with aspirin-in-
duced asthma) who were in clinically stable condition.
The basal concentration of urinary LTE4 was signifi-
cantly higher in the patients with aspirin-induced
asthma than in those with aspirin-tolerant asthma. In
patients with aspirin-tolerant asthma, hyperleukotri-
enuria was associated with severe asthma and chronic
hyperplastic rhino-sinusitis with nasal polyposis.

5 Bavbek et al. (159) have determined the differences in
airflow rates, bronchial and nasal resistance between
nonasthmatic rhinitis patients with or without BHR
to methacholine. A total of 66 patients with AR but
not asthma were selected for the study and divided
into two groups; 40 patients with AR and negative
methacoline provocation test and 26 patients with
AR and positive methacholine provocation test.
Pulmonary function tests, methacoline tests, anterior
rhino-manometry and SPTs were performed on the
patients. Expiratory airflow parameters including
FVC, FEV1, peak expiratory flow (PEF) and forced
expiratory flow at 25% of vital capacity (FEF25)
were similar in both groups; however, FEV1/FVC,
forced expiratory flow between 25% and 75%
(FEF25–75), forced expiratory flow at 50% of vital
capacity (FEF50) and forced expiratory flow at 75%
of vital capacity (FEF75) were significantly lower in
subjects with BHR. Additionally, lower airway
resistance was significantly greater in patients with
BHR and negatively correlated with the expiratory
airflow parameters for small airways. There was no
correlation between nasal resistance and BHR to
methacholine or lower airway resistance. This study

suggests that nonasthmatic rhinitis patients with
BHR may have mild but significant changes in the
small airways.

6 Nickel and co-workers (160) have tested whether
BHR is present in children with history of AR, by
performing pulmonary function tests and histamine
challenges in a total of 654 children in Germany, who
were compared to children with asthma, AR,
asymptomatic allergic sensitization and nonatopic
controls. Most pronounced BHR to histamine was
observed in allergic asthmatics, irrespective of the
presence or absence of AR. PC20 values in nonasth-
matic children with AR (n = 24) were not signifi-
cantly different from those seen in asymptomatic
atopic (n = 54) or nonatopic controls (n = 92). The
authors conclude that in contrast to adult study
populations, 7-year-old nonasthmatic children with
AR do not have a higher degree of responsiveness
than asymptomatic atopic or nonatopic controls.

7 A relationship between nonspecific nasal and bron-
chial responsiveness exists in perennial AR patients
with asthma in 51 perennial AR patients with the
definitive or suspected asthma who underwent
methacholine bronchial provocation tests and nasal
histamine challenge tests (161). The association
between nasal and bronchial responsiveness observed
supports the hypothesis that nonspecific that nasal
responsiveness may be related to the nonspecific
bronchial responsiveness in patients with AR and
asthma. This is in accordance with the viewpoint that
AR and asthma represent a continuum of inflam-
mation involving one common airway.

8 To investigate the type and intensity of nasal symp-
toms, nasal and bronchial airflow, and BHR during
the pollen season, 121 polysensitized rhinitic patients
with no asthma were studied (162). Sixty-five (53.7%)
patients had impaired FEF25–75 values. Total nasal
symptoms correlated with nasal airflow and BHR.
Nasal airflow correlated with FEF25–75 values
and BHR. FEF25–75 values correlated with FEV1

levels, BHR degree and nasal obstruction symptom.
Severe BHR correlated with FEV1 and FEF25–75
values, nasal airflow and nasal symptoms. This study
evidences that early bronchial impairment is fre-
quently detectable in patients with persistent AR and
BHR.

9 To evaluate the relationship between the levels of
nNO and eNO with bronchial responses to exercise in
patients with rhinitis and asthma, 24 subjects with
asthma and rhinitis underwent an exercise test (163).
The exercise test was positive in 17 cases. The baseline
value of nNO was 1185 ± 439 p.p.b., and the value
at 15 and 50 min was 1165 ± 413 and
1020 ± 368 p.p.b., the latter value being significantly
lower than the baseline. The baseline value of eNO
was 21 ±19 p.p.b., with no significant differences at
15 and 50 min. There was no significant correlation
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between either the decrease in FEV1 and the nasal
response, or the baseline eNO and nNO values. The
authors comment that the nasal and bronchial
response to exercise are completely different in rhi-
nitis and asthma and that there is no relationship
between the values of nasal or eNO and the nasal and
bronchial response after exercise.

10 To compare cytological and biochemical changes in
nasal lavage fluid induced by wheat flour inhalatory
challenge in bakers with AR and with asthma
accompanied by rhinitis (164), a single-blind, pla-
cebo-controlled study was conducted in bakers with
AR (n = 17), bronchial asthma and rhinitis (n = 24)
and without occupational allergy (n = 23). A sign-
ificant decrease in PC20 after the challenge test was
observed only in patients with asthma and rhinitis.
Eosinophil count and percentage, basophil count and
the permeability index induced by specific provoca-
tion were significantly increased in both rhinitis pat-
ients and asthmatics.

Systemic inflammation in rhinitis and asthma

Previous ARIA documents have stated that in AR there
are systemic repercussions of the local inflammation,
involving upregulation of IgE production, immunological
and bone marrow changes (2).

1 Saini and co-workers (165) have investigated the
effects of local intranasal allergen challenge on
circulating basophils regarding levels of Fcepsilon-
RIbeta protein and for FcepsilonRIbeta mRNA
expression, and also for spontaneous secretion of
IL-4 and IL-13. Intranasal allergen challenge tran-
siently activates circulating basophils by increasing
expression of the FcepsilonRIbeta subunit and
spontaneous IL-13 secretion. Because FcepsilonRIb-
eta is an amplifier of FcepsilonRI-mediated responses
and IL-13 is proinflammatory, these findings support
a primed basophil functional state and demonstrate a
systemic effect of local allergen challenge that could
contribute to exacerbating allergic reactions.

2 Wilson and co-workers (166) failed to demonstrate an
effect of a single nasal allergen challenge on periph-
eral blood eosinophil/basophil (Eo/B) progenitor cells
and induced sputum eosinophil counts in subjects
with AR. Sixteen adults entered a sequential nasal
control and allergen challenge study, outside the
pollen season. Blind assessment of peripheral blood
Eo/B progenitor colony-forming units (CFU), in-
duced sputum and nasal lavage cell counts was made
before and 24 h after both challenges. When com-
paring the values 24 h after the control vs the allergen
challenge, there were no significant differences in Eo/
B progenitor CFU despite a significant increase in
eosinophils in nasal lavage and significant worsening
of nasal peak inspiratory flow and rhinitis symptoms.

3 Braunstahl et al. (138) compared airway inflamma-
tion and remodelling in nasal and bronchial mucosa
of subjects with allergic in four experimental groups:
allergic asthma and rhinitis (n = 19); AR, no
asthma (n = 18); atopic subjects, no asthma, no
rhinitis (n = 8) and nonallergic healthy control sub-
jects (n = 16). Blood samples, nasal and bronchial
biopsy specimens were collected during stable disease.
Patients with asthma and rhinitis had increased
numbers of blood eosinophils (P = 0.05) compared
to patients with rhinitis only. No significant differ-
ences could be found between the investigated groups
with respect to serum IL-5 and eotaxin levels.

Rhinosinusitis and asthma

1 To evaluate chronic rhinosinusitis in patients with
severe steroid-dependent asthma, 35 patients with
severe corticosteroid-dependent asthma were com-
pared to 34 mild-to-moderate asthmatics by using a
clinical score and coronal computerized tomography
(CT) scanning (167). The proportion of patients with
symptoms of rhino-sinusitis was similar in both
groups of asthmatic subjects (74% in patients with
severe steroid-dependent asthma and 70% in patients
with mild-to-moderate asthma). All subjects with
steroid-dependent asthma vs 88% of subjects with
mild-to-moderate asthma had abnormal CT scan
results. However, the clinical and CT scan severity
scores were higher in the subjects with severe steroid-
dependent asthma. In both groups the CT scan scores
were correlated with the clinical scores.

2 To investigate the relationship between sino-nasal
inflammation as assessed on CT scanning, lung
function, sputum eosinophilia and eNO in exhaled air
in patients with severe asthma (168), 89 nonsmoking
outpatients with severe asthma were evaluated.
Computerized tomographic scans were scored (0–30)
by a blinded investigator using a validated method.
Computerized tomographic scans showed abnormal-
ities in 84% of patients. Extensive sinus disease (score
12–30) was found in 24% of patients. There was a
significant positive correlation between CT scores
and eosinophils in peripheral blood and induced
sputum and level of eNO. Computerized tomo-
graphic scores were also positively related to func-
tional residual capacity and inversely related to
diffusion capacity, particularly in patients with adult-
onset asthma The results of this study showed a direct
relationship between sino-nasal mucosa thickness and
bronchial inflammation in severe asthma, particularly
in patients with adult-onset disease. Whether sinus
disease directly affects the intensity of bronchial
inflammation is still an unanswered question.

3 A comparison of the sinus mucosal histopathologies
of asthmatic patients with those of nonasthmatic
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patients has been reported (169). Fifty-three rhi-
nosinusitis patients with a diagnosis of asthma and
54 patients with rhinosinusitis but no asthma, who
served as controls, were enrolled in the study. All
of these patients underwent endoscopic sinus sur-
gery. No statistically significant differences were
found between the two groups in terms of the
presence of allergy, the degree of preoperative
polyposis or the extent of preoperative disease.
Basement membrane thickening, goblet cell hyper-
plasia and eosinophil infiltration were more prom-
inent in the asthmatic compared to the
nonasthmatic group. These findings suggest that
patients with both rhinosinusitis and asthma pres-
ent the histopathological characteristic of a marked
chronic inflammatory reaction, and that eosinophil
infiltration may play a significant role in this
inflammation of the sinus mucosa.

These studies have confirmed and reinforced previous
ARIA statements regarding the concept of unity of the
airway disease in asthma and rhinitis. It was also
described that not only patients with AR have nonspecific
BHR, but also have bronchial basal membrane thicken-
ing preceding symptoms of asthma. Conversely, nasal
eosinophilic inflammation has been found in allergic
asthmatics regardless of symptoms of rhinitis. Nasal
allergen provocation induces bronchial inflammation as
segmental allergen bronchial provocation results in nasal
inflammation. Various other pathophysiological studies
reinforce the idea of a strong interrelationship between
rhinitis and asthma, which leads to the consolidation of
the paradigm of pathophysiological identity of these two
syndromes. These studies also show that there is a strong
relation between chronic rhino-sinusitis and asthma and
that a considerable percentage of patients with asthma
have chronic rhino-sinusitis. However, the reason for
some differences between nasal and bronchial inflamma-
tion and remodelling remain to be clarified. According to
the categories of evidence proposed by Shekelle et al.
(112):

Eosinophilic inflammation is present in nasal and
bronchial mucosa of asthmatics

Category of evidence I

Remodelling is a major feature or bronchial
biopsies but it is less extensive in nasal
biopsies

Category of evidence II

Bronchial and nasal mucosa of asthmatic
patients is similar

Category of evidence II

Endobronchial challenge in rhinitis patients
induces inflammation

Category of evidence II

Bronchial challenge induces nasal inflammation Category of evidence II
Nasal challenge induces bronchial inflammation Category of evidence II
Allergic inflammation has a systemic component Category of evidence II
Most asthmatics present sinusitis demonstrated

by CT scans
Category of evidence II

Severe asthmatics have more severe rhinitis than
mild patients

Category of evidence II

Treatment of rhinitis improves asthma?

Asthma and AR commonly occur together and the ARIA
initiative has proposed that treatments for one condition
may alleviate the coexisting condition. Medications for
asthma and rhinitis can be administered via local intra-
nasal, inhalatory, oral and parenteral routes.

Intranasal glucocorticosteroids

Randomized clinical trials (including meta-analyses)

1 To review the common pathophysiology of combined
AR and asthma and to investigate the efficacy of
intranasal glucocorticosteroids. A Cochrane system-
atic review was performed to assess the efficacy of
intranasal glucocorticosteroids in subjects with con-
comitant AR and asthma (170). The efficacy of
intranasal glucocorticosteroids on asthma outcomes
was assessed in 12 randomized-controlled trials
involving 425 subjects. After intranasal glucocorti-
costeroids there were nonsignificant trends for
improvement in asthma symptom score [standardized
mean difference (SMD) of 0.61; P = 0.07], FEV1

(SMD of 0.31; P = 0.08), and morning PEF
(weighted mean difference of 36.51; P = 0.06).
There was no impact on methacholine airways
responsiveness (SMD of )0.20; P = 0.4). The
authors recognized trends for a benefit of intranasal
glucocorticosteroids in concomitant AR and asthma,
but recognizes that more research is needed.

2 To investigate the effect of intranasal, inhaled corti-
costeroid or the combination of both in patients with
both pollen-induced rhinitis and asthma (171), total
of 262 patients were randomized to 6 weeks� treat-
ment with intranasal fluticasone propionate (INFP)
200 lg o.d., inhaled fluticasone propionate (IHFP)
250 lg bid, their combination, or intranasal or
inhaled placebo, in a multicentre, double-blind, par-
allel-group study. Treatment was started 2 weeks
prior to the pollen season and patients recorded their
nasal and bronchial symptoms twice daily. Intranasal
fluticasone propionate significantly increased the
percentages of patients reporting no nasal blockage,
sneezing or rhinorrhoea during the pollen season,
compared with IHFP or intranasal or inhaled pla-
cebo. In contrast, only IHFP significantly improved
morning PEF, FEV1 and methacholine PD20, and the
seasonal increase in the sputum eosinophils and
BHR.

3 To investigate the effect of rhinitis therapy on asthma
outcomes in adult and adolescent patients with both
SAR and persistent asthma (172), a total of 863
patients were randomized to receive open-label fluti-
casone propionate/salmeterol (FSC), 100/50 lg bid
for 4 weeks, plus either blinded fluticasone propio-
nate aqueous nasal spray (FPANS) 200 lg/days,
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montelukast 10 mg/days or placebo. Patients kept
daily records of PEF, asthma and rhinitis symptoms
and rescue albuterol use. fluticasone propionate
aqueous nasal spray added to FSC resulted in supe-
rior outcomes for daytime total nasal symptom scores
(D-TNSS) and individual daytime nasal-specific
symptoms (congestion, rhinorrhoea, sneezing and
itching) compared with montelukast plus FSC and
placebo plus FSC (P £ 0.001). Montelukast plus
FSC was superior to placebo plus FSC only for
D-TNSS and itching and sneezing. Morning PEF,
asthma symptoms and rescue albuterol use improved
significantly in all treatment groups, but improve-
ments were comparable across the treatment groups.
In conclusion, patients with persistent asthma treated
with FSC, the addition of montelukast or FPANS for
the treatment of SAR resulted in no additional
improvements in overall asthma control compared
with FSC alone.

4 Aiming to determine the effects of inhaled or topical
nasal beclomethasone dipropionate (BDP) adminis-
tered separately or in combination on the control of
asthma and BHR in patients with the rhinitis/asthma
association (173), a double-blind, parallel, three-
group study was conducted. Seventy-four patients
with mild-to-moderate asthma and AR (median age,
25 years) received nasal or inhaled BDP separately or
in combination for 16 weeks after a 2-week placebo
run-in period. Patients in all three groups demon-
strated a progressive and significant decrease in nasal
and pulmonary symptoms, which started after
4 weeks (P £ 0.05) and continued through the end
of treatment (P £ 0.001). Clinical improvement was
similar and parallel in the three groups. Asthma-
related morbidity, evaluated by quantifying absence
from work, emergency department visits and night-
time awakenings, also decreased in the three groups
(P £ 0.05). The authors comment that failure to
consider treatment of rhinitis as essential to asthma
management might impair clinical control of asthma
and their observations suggest that asthma and rhi-
nitis, in some patients, can be controlled by the
exclusive use of nasal medication.

5 Aiming to assess the efficacy of nasally inhaled
BDP in the simultaneous treatment of rhinitis and
asthma (174), a randomized-controlled trial was
conducted with 78 AR and asthma patients aged
5–17 years. During 8 weeks, 38 subjects received
BDP-CFC aerosol (‡500 lg/day) exclusively via
nasal inhalation through a facemask attached to a
plastic valved spacer. The control group (37
patients) received 200 lg/day of aqueous intranasal
beclomethasone plus oral inhalation of BDP-CFC
(‡500 lg/day) through a mouthpiece connected to
the same spacer. Allergic rhinitis clinical scoring
and nasal inspiratory peak flow did not differ in the
two groups at admission or follow-up visits. Nasal

inhalation of BDP provided AR symptom relief
while maintaining control of asthma by delivering it
to the lungs.

6 Thio et al. (175) evaluated the effect of INFP and
BDP, when compared to placebo, on BHR in child-
ren and young adults with seasonal rhinitis and mild
asthma during two consecutive grass-pollen seasons,
and found no difference in BHR between the study
groups.

7 Sandrini et al. (176) have evaluated the effect of
treatment with a nasal corticosteroid on eNO and
H2O2 in 23 subjects with AR. A randomized, double-
blind, 4-week treatment with triamcinolone acetonide
(220 lg/day) was compared to placebo. Exhaled
nitric oxide levels were greater in the subjects with
AR and concomitant asthma (n = 16) and decreased
significantly with treatment. Breath condensate levels
of H2O2 were higher in patients with AR without
asthma than in those with asthma and decreased
significantly with treatment in both subgroups. The
authors conclude that treatment of AR with triam-
cinolone results in decrease of two noninvasive
markers of lower airway inflammation, eNO and
H2O2, supporting that upper and lower airway
inflammation should be seen as a continuum.

Post hoc analyses of cohorts.

1 Adams et al. (177) determined whether treatment
with intranasal steroids or prescription antihista-
mines were associated with a reduced risk for emer-
gency visits caused by asthma. They performed a
retrospective cohort study of members of a managed
care organization aged >5 years who were identified
during the period of October 1991 to September 1994
as having a diagnosis of asthma. The main outcome
measure was an emergency visit for asthma. Of the
13 844 eligible persons, 1031 (7.4%) had an emer-
gency department visit for asthma. The overall RR
for an emergency visit among those who received
intranasal glucocorticosteroids, adjusted for age, sex,
frequency of orally inhaled corticosteroid and
b-agonist dispensing, amount and type of ambulatory
care for asthma, and diagnosis of an upper airways
condition (rhinitis, sinusitis or otitis media), was 0.7
(95% CI: 0.59–0.94). For those receiving prescription
antihistamines, the risk was indeterminate (RR =
0.9; 95% CI: 0.78–1.11). When different rates of
dispensing for intranasal steroids were examined, a
more reduced risk was seen in emergency visits in
those with >3 (RR = 0.5; 95% CI: 0.23–1.05) dis-
pensed prescriptions per year.

2 Crystal-Peters et al. (178) studied subjects with both
AR and asthma to test the hypothesis that treating
AR reduces healthcare utilization for co-morbid
asthma in a retrospective cohort study. The cohort
was limited to patients aged 12–60 years, who were
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continuously enrolled and had no evidence of COPD.
Allergic rhinitis treatment and asthma-related events
(hospitalizations and emergency department visits)
were identified. The study sample population con-
sisted of 4944 patients with allergic asthma, approx-
imately 73% of whom were treated for their AR.
Asthma-related events (emergency department visits
or hospitalizations) were half as frequent for subjects
receiving treatment for AR than for those who were
not treated.

3 Corren et al. (179) have demonstrated that treatment
of AR significantly reduces the frequency of asthma
exacerbations resulting in emergency room visits
and/or hospitalizations. In a nested, case–control
study the authors have found treatment with either
nasal glucocorticosteroids or second-generation
antihistamines to be associated with a lower risk of
asthma-related emergency room treatment and hos-
pitalization (adjusted OR: 0.51; 95% CI: 0.34–0.77
and 0.34, 0.18–0.62, respectively). Patients who used
nasal glucocorticosteroids had a significantly lower
risk of both asthma-related emergency room treat-
ment and hospitalization (adjusted OR: 0.75; 95%
CI: 0.62–0.91 and 0.56, 0.42–0.76, respectively),
whereas there was a trend towards lower risk of
emergency room treatment and hospitalization in
patients who used second-generation antihistamines
(adjusted OR: 0.88; 95% CI: 0.62–1.26 and 0.68,
0.40–1.14, respectively). Combined treatment with
both medications was associated with a further low-
ering of the risk of both emergency room treatment
and hospitalization (adjusted OR: 0.37; 95% CI:
0.19–0.73 and 0.22, 0.07–0.63).

Three retrospective cohort studies from the USA have
reported considerable reduction in asthma morbidity in
individuals with concomitant asthma and rhinitis, when
properly treated for their rhinitis with nasal glucocorti-
costeroids. However, the intranasal treatment of rhinitis
using topical nasal glucocorticosteroids was found to
improve asthma, albeit moderately at best, in some but
not all controlled studies. One can speculate that patients
with asthma and rhinitis that receive treatment for
rhinitis are those that more rigorously consult their
doctor and are more careful with their health. Conse-
quently, it would be possible that they have a lower
incidence of hospitalizations and emergency visits be-
cause of asthma which is not related to the treatment for
rhinitis.

Antihistamines

1 Aubier et al. (180) designed a study to assess the
effect of cetirizine, on nonspecific BHR in patients
with AR. Twelve patients were included in a double-
blind, crossover, placebo-controlled trial. All patients
had positive skin tests for common allergens and

showed BHR to inhaled methacholine after specific
nasal allergen challenge. After a washout period of
1 week to ensure the stability of the BHR, the
patients received, by crossover randomization, cetir-
izine 10 mg daily or placebo for 2 weeks. After each
treatment period, BHR and nasal blocking index
were measured 1 and 6 h after nasal challenge.
Measurements were then performed after 2 weeks of
cetirizine and after 2 weeks of placebo. One hour
after allergen they found no significant differences
between cetirizine (methacholine PD20 = 0.522 mg)
and placebo (methacholine PD20 = 0.455 mg). In
contrast, 6 h after challenge, methacholine PD20 was
0.918 mg for cetirizine and 0.483 mg for placebo
(P = 0.042). Similarly, no difference was observed in
the effect on nasal obstruction between cetirizine and
placebo 1 h after challenge, whereas the difference
was significant 6 h after challenge. These data dem-
onstrate a protective effect of cetirizine on BHR and
nasal obstruction measured 6 h after nasal allergen
challenge in patients with AR. These findings could
be explained either by a direct effect of cetirizine on
the lower airways, or else, indirectly, by a protection
related to the control of rhinitis.

2 To evaluate the safety and efficacy of desloratadine
5 mg in moderate SAR (181), nasal congestion, and
symptoms of seasonal allergic asthma, a 4-week,
multicentre, double-blind study compared deslorata-
dine treatment with placebo in 331 subjects with AR
and mild seasonal allergic asthma. Compared with
placebo, desloratadine significantly reduced mean to-
tal symptom scores, beginning with the first dose and
continuing throughout days 1–29. Desloratadine sig-
nificantly decreased AM/PM reflective total asthma
symptom scores for days 1–15 (P = 0.02) and AM/
PM reflective nasal congestion scores over days 1–29.

3 Safety and efficacy of desloratadine and montelukast
were assessed in a double-blind, placebo-controlled
trial of patients with SAR and symptoms of asthma
(182), who were assigned randomly to once daily
treatment with desloratadine 5 mg, montelukast
10 mg or placebo for 4 weeks. Desloratadine and
montelukast each were associated with statistically
significant reductions from baseline in the mean total
symptom scores for asthma averaged over the 4-week
period (P £ 0.02 vs placebo). Individual asthma
symptom scores also improved significantly for both
therapies (P £ 0.05). Patients treated with desl-
oratadine or montelukast demonstrated improvement
from baseline in FEV1 vs placebo; significant
improvement was seen in a subset of patients with
baseline FEV1 < 80% of predicted normal (both
P < 0.05). Both active therapies significantly red-
uced b(2)-agonist use (both P < 0.01). Improve-
ments for both therapies were comparable for all
efficacy parameters; they were tolerated well with
adverse event profiles similar to placebo.
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4 The effect of treatment with desloratadine on sys-
temic inflammation and on nasal and bronchial
mucosal inflammation after nasal allergen provoca-
tion in subjects with grass-pollen AR and asthma has
been reported (183). Twenty-six subjects with grass-
pollen AR and asthma were randomly allocated to
8 days of treatment with desloratadine or placebo
outside the grass-pollen season. On day 7 they
underwent nasal provocation with allergen. Nasal
and bronchial biopsies were taken for immunohisto-
chemical evaluation, and blood samples were analy-
sed. The number of circulating eosinophils decreased
during desloratadine treatment, and there was an
attenuated increase in circulating eosinophils after
nasal provocation in these subjects. There was also a
significant reduction in early bronchial clinical
response, but no significant reduction in nasal symp-
toms. Nasal and bronchial mucosal inflammation
parameters were the same regardless of treatment.

Although antihistamines are not recommended for the
treatment of asthma; when used for rhinitis they may
improve concomitant asthma. On the other hand, despite
not being the best option in rhinitis with prominent nasal
obstruction, antihistamines have been shown consistently
to have beneficial effects in reducing nasal obstruction
when compared to placebo.

Leukotriene receptor antagonists

1 Desloratadine and montelukast (182) were shown to
be associated with statistically significant reductions
from baseline in the mean asthma symptoms scores
averaged over a 4-week period in patients with con-
comitant SAR and asthma. Individual asthma
symptom scores also improved significantly for both
therapies. Patients treated with desloratadine or
montelukast demonstrated improvement from base-
line in FEV1 vs placebo; significant improvement was
seen in a subset of patients with baseline
FEV1 < 80% of predicted normal. Both active
therapies significantly reduced b(2)-agonist use.
Improvements for both therapies were comparable
for all efficacy parameters; they were tolerated well
with adverse event profiles similar to placebo.
Improvements in asthma symptoms were comparable
for both active-treatment groups.

2 To compare oral montelukast with inhaled plus
intranasal budesonide in patients with SAR and
asthma (184), a single-blind double-dummy placebo-
controlled crossover study was performed comparing
once daily 10 mg oral montelukast with 400 lg in-
haled plus 200 lg intranasal budesonide in 12
patients with AR and asthma. Each treatment was
for 2 weeks with a 1-week placebo run-in and wash-
out. There were no significant differences between
the placebos for any measurement. For adenosine

monophosphate PC20, geometric mean fold differ-
ences (95% CI for difference) were 6.4 (2.2–18.6) for
placebo vs budesonide, 2.9 (1.0–8.4) for placebo vs
montelukast and 2.1 (1.1–4.5) for budesonide vs
montelukast. For eNO (p.p.b.) there was significant
(P < 0.05) suppression with both montelukast (10.9)
and budesonide (10.1) compared with placebo (18.8).
For nNO and nasal peak inspiratory flow there were
only significant differences with budesonide com-
pared with placebo.

3 Aiming to evaluate montelukast 10 mg daily as
treatment for AR in patients with symptomatic AR
and active asthma during the allergy season, a mul-
ticentre study of 831 patients with seasonal allergen
sensitivity, active symptoms of SAR and active
asthma was performed (185). Following a single-
blind, placebo run-in period of 3–5 days, patients
were randomized to oral montelukast 10 mg
(n = 415) or placebo (n = 416) daily during the
2-week, double-blind, active-treatment period.
Montelukast reduced the daily rhinitis symptoms
score: difference between montelukast and placebo in
mean change from baseline was )0.12. In exploratory
analyses, improvement in rhinitis symptoms was
numerically (though not statistically) larger in
patients with greater levels of asthma at study start.
Montelukast provided benefit in the global evalua-
tions of asthma by patient and by doctor: mean dif-
ferences were )0.24 ()0.41 to )0.06; P = 0.008)
and )0.17 ()0.33 to )0.01; P = 0.037). Similarly,
as-needed b-agonist use (puffs/day) was reduced with
montelukast (P = 0.005).

4 To determine the benefit of montelukast, 10 mg, for
patients with concomitant asthma and AR, a ran-
domized, crossover study-treated patients with
montelukast vs placebo during two 2-week, double-
blind treatment periods, separated by a 1-week
washout period was conducted. After each treatment
period, patients underwent a 60-min or less exposure
to high levels of airborne cat allergen. Lower and
upper airway responses were measured by spirometry
and symptom scores. Of 52 patients with data from
both treatment arms, 79% of patients taking mont-
elukast and 67% taking placebo were exposed to the
full 60-min allergen challenge. Montelukast provided
significant (P £ 0.001) protection against allergen
challenge in the lower airway co-primary end point of
area under the curve during challenge (AUC0–
60 min) for percentage decrease in FEV1: mean of
10.5% per hour and 14.7% per hour for montelukast
and placebo, respectively. Although the effect on the
overall NSS co-primary end point of AUC0–60 min
was not statistically significance (P = 0.12), nasal
congestion during the challenge and NSS during
recovery showed statistically significant (P = 0.048)
protection by montelukast. Additional analyses of
simultaneous lower and upper airway responses
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showed that more patients taking montelukast (22,
43%) vs placebo (13, 26%) were protected from both
asthma and rhinitis (P = 0.02), with an OR of 2.24
(95% CI: 1.16–4.32) in favour of montelukast.

5 To compare the clinical efficacy of leukotriene
receptor antagonists with that of placebo, antihista-
mines and nasal glucocorticosteroids in patients with
AR or nasal polyposis, Wilson et al. (186) performed
a systematic review and meta-analysis of randomized-
controlled trials of the effectiveness of leukotriene
receptor antagonists in patients with rhinitis. Eleven
studies on SAR were used in the analysis: eight
evaluating leukotriene receptor antagonists alone or
in combination with other treatments vs placebo or
other treatments (n = 3924) and three evaluating
leukotriene receptor antagonists plus an antihista-
mine (n = 80). There were no randomized-controlled
trials evaluating the effect of leukotriene receptor
antagonists on perennial AR or polyposis. Leuko-
triene receptor antagonists are modestly better than
placebo, as effective as antihistamines, but less effec-
tive than nasal glucocorticosteroids in improving
symptoms and quality of life in patients with SAR.

Although leukotriene receptor antagonists have been
recommended for asthma treatment for years, the evi-
dence for their use in rhinitis is more recent. Confirming
previous observations, some new studies have also
demonstrated the potential usefulness of antihistamines
and leukotriene receptor antagonists in patients with
rhinitis and co-morbid asthma.

Specific immunotherapy

The indications of specific immunotherapy in allergic
asthma and rhinitis have been separated in some guide-
lines. This artificial separation has led to unresolved
issues possibly because the allergen-induced IgE-medi-
ated reaction has not been considered to be a multiorgan
disease. It is therefore important to consider specific
immunotherapy based on the allergen sensitization rather
than on the disease itself as most patients with allergic
asthma also present rhinitis or rhino-conjunctivitis. A
specific ARIA review in preparation is devoted to specific
immunotherapy, therefore only a few selected papers
have been included in the current review, chosen for
providing information on outcomes related to both upper
and lower airways.

1 Moller and co-workers (187) have investigated whe-
ther specific immunotherapy can prevent the devel-
opment of asthma and reduce BHR in children with
seasonal allergic rhino-conjunctivitis. From six pae-
diatric allergy centres, 205 children aged 6–14 years
(mean age, 10.7 years) with grass and/or birch pollen
were randomized either to receive specific immuno-
therapy for 3 years or to an open control group. All
subjects had moderate-to-severe hay fever symptoms,

but at inclusion none reported asthma with need of
daily treatment. Among those without asthma, the
actively treated children had significantly fewer
asthma symptoms after 3 years as evaluated by clin-
ical diagnosis (OR: 2.52; P < 0.05).

2 Novembre and co-workers (188) studied short-term
co-seasonal sublingual immunotherapy, and have
shown the actively treated children, when compared
to the placebo group, used less medication in the
second and third years of therapy, and their symptom
scores tended to be lower. From the second year of
immunotherapy, subjective evaluation of overall
allergy symptoms was favourable in the actively
treated children. Development of asthma after
3 years was 3.8 times more frequent (95% CI: 1.5–
10.0) in the control subjects.

3 Similar findings have been reported by Chang et al.
(189) in an open study conducted to evaluate the
effect of immunotherapy on the degree of nonspecific
BHR in patients with allergic bronchial asthma and/
or AR. Methacholine bronchoprovocation, allergic
skin test, serum IgE and peripheral blood eosinophil
counts were performed before and after 12 months or
more of immunotherapy. Seventy-five per cent of
subjects with AR (n = 16) tolerated at least two ex-
tra doubling concentrations of methacholine, whereas
41.7% of patients with tranquil asthma (n = 24) and
53.8% of those with bronquial asthma and AR
(n = 13) did. The geometric mean of the methacho-
line PC20 changed from 3.40 to 14.36 mg/ml in AR.
In conclusion, nonspecific BHR was improved by
immunotherapy in three quarters of the AR cases and
in about a half of the asthma patients.

4 Walker and co-workers (190) have assessed the effects
of grass-pollen immunotherapy on symptoms, BHR
and quality of life in seasonal rhinitis and asthma in
44 patients with severe summer hay fever (of whom
36 reported seasonal chest symptoms and 28 had
seasonal BHR). In a randomized, double-blind, pla-
cebo-controlled, parallel-group study, after symptom
monitoring for one summer, participants received
injections of a depot grass-pollen vaccine or matched
placebo injections in a rapid up dosing cluster regi-
men for 4 weeks, followed by monthly injections for
2 years. Significant reductions were observed in the
immunotherapy group compared with the placebo
group in hay fever symptoms, medication scores and
seasonal chest symptoms. During the pollen season
there was no change in airway methacholine PC20 in
the immunotherapy-treated group, compared with an
almost three doubling-dose decrease in the placebo-
treated group.

5 Another publication (191) has reported on the ability
of specific immunotherapy to reduce the progression
of AR to asthma and prevent the associated incre-
ase in BHR. Forty-four subjects monosensitized to
D. pteronyssinus, with perennial rhinitis and BHR to
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methacholine, were randomly assigned to receive
specific immunotherapy or placebo in a double-blind
study conducted over a period of 2 years. After
1 year of treatment, a 2.88-fold increase in the
methacoline PD20 was recorded in the immunother-
apy-treated group, with a further increase to fourfold
at the end of year 2. At the end of the study, the
methacholine PD20 was within the normal range in
50% of treated subjects, and was significantly higher
in this group than in the group receiving placebo. In
contrast, no changes in methacholine PD20 were
found in the placebo group throughout the study.
Although 9% of subjects given placebo developed
asthma, none of those treated with specific immuno-
therapy did. The authors conclude that specific
immunotherapy, when administered to carefully
selected, monosensitized patients with perennial AR,
reduces airway responsiveness in subjects with rhini-
tis, and may be an appropriate prophylactic treat-
ment for rhinitis patients with hyper-reactive airways.

6 Polosa et al. (192) have examined 30 nonasthmatic
patients with AR, who were monosensitized to
Parietaria judaica, in a randomized, double-blind,
placebo-controlled, parallel-group study of the effects
of a Parietaria pollen vaccine on symptoms/medica-
tion score, response to inhaled methacholine and
adenosine 5¢-monophosphate (AMP), and cell counts
in the sputum collected out of and during the pollen
seasons for 36 months. Seasonal variation in BHR to
inhaled methacholine and AMP and changes in spu-
tum cell counts were documented. Changes were
consistent for AMP, but not methacholine, and
invariably associated with modifications in sputum
eosinophils and epithelial cells. The clinical efficacy of
Parietaria-specific immunotherapy was associated
with a decline in the seasonal deterioration of
response to AMP, whereas no significant effect was
observed on the response to methacholine or sputum
cell differentials. Bronchi of nonasthmatic patients
with AR exhibit features of active inflammation that
deteriorate during natural allergen exposure, partic-
ularly with regard to BHR to AMP. The clinical
efficacy of Parietaria-specific immunotherapy was
exclusively associated with attenuation in seasonal
worsening of concentration of AMP that provokes a
15% reduction in VEF1 (PC15 AMP), suggesting that
AMP may be useful in monitoring changes in allergic
inflammation of the airways.

7 Lombardi and co-workers (193) have reported an
open controlled trial that evaluated whether a pre-
seasonal immunotherapy with grass pollen in oro-
soluble tablets added to pharmacotherapy, can
improve nonspecific BHR. Fifty-one patients (mean
age 27.4 years) suffering from rhino-conjunctivitis
and/or mild-intermittent/mild-persistent asthma
because of grass pollen were allocated to two
groups receiving pharmacotherapy alone (n = 25) or

pharmacotherapy plus immunotherapy in tablets
(n = 26). A methacholine test was performed in
asthmatic subjects out of the pollen seasons at base-
line and after 3 years of treatment. A significant in-
crease in the PD20 was observed in the
immunotherapy group, as well as a significant clinical
improvement both for rhinitis and asthma. This
improvement was paralleled by a clear-cut reduction
of drug intake.

8 A systematic review to evaluate the efficacy of sub-
lingual immunotherapy, compared with placebo, for
reductions in symptoms and medication requirements
has been reported (194). Twenty-two trials, involving
979 patients, were included. There were six trials of
sublingual immunotherapy for house dust mite
allergy, five for grass pollen, five for Parietaria, two
for olive and one each for, ragweed, cat, tree and
cupressus. All included studies were double-blind
placebo-controlled trials of parallel-group design.
There was significant heterogeneity, most likely due
to widely differing scoring systems between studies,
for most comparisons. Overall there was a significant
reduction in both symptoms ()0.42, 95% CI: )0.69
to )0.15; P = 0.002) and medication requirements
[)0.43 ()0.63 to )0.23); P = 0.00003] following
immunotherapy. Subgroup analyses failed to identify
a disproportionate benefit of treatment according to
the allergen administered.

9 A meta-analysis to evaluate the efficacy of sublingual
allergen immunotherapy compared to placebo in
paediatric patients has also been published (195).
Randomized double-blind placebo-controlled clinical
trials involving children £ 14 years old with either
rhinitis or asthma of proved allergic aetiology. Two
reviewers analysed independently the eligibility of
studies for inclusion. The combined SMD method
was used to evaluate differences. The main outcomes
were clinical symptom (asthma, rhinitis and con-
junctivitis) and drug requirement scores. Seven dou-
ble-blind placebo-controlled trials, enrolling 256
children (129 treatment and 127 placebo recipients),
were analysed. Only reductions in asthma (P = 0.01)
and drug dosage (P = 0.06) scores reached statistical
significance with the random effect model. Changes in
rhinitis symptoms (P = 0.27) or conjunctival symp-
toms (P = 0.19) were not statistically significant.
Safety was a constant in all the studies; neither severe
nor systemic reactions were observed and, oral and
gastrointestinal complains were the most common
adverse effects.

10 Aiming to investigate history of AR as a risk factor
for asthma and the potential effect of allergen
immunotherapy in attenuating the incidence of
asthma, a hospital-referred nonasthmatic adult, aged
18–40 years between 1990 and 1991, were retrospec-
tively followed up until January and April 2000 (196).
At the end of follow-up, available subjects were
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clinically examined for asthma diagnosis and history
of allergen-specific immunotherapy, second-hand
smoking and the presence of pets in the household. A
total of 436 nonasthmatic adults (332 subjects with
AR and 104 with no AR nor history of atopy) were
available for final analyses. The highest OR associ-
ated with a diagnosis of asthma at the end of follow-
up was for the diagnosis of AR at baseline (OR: 7.8;
95% CI: 3.1–20.0). Treatment with allergen immu-
notherapy was significantly and inversely related to
the development of new onset asthma (OR: 0.53; 95%
CI: 0.32–0.86). In the present study, we found that
AR is an important independent risk factor for
asthma. Moreover, treatment with allergen immu-
notherapy lowers the risk of the development of new
asthma cases in adults with AR.

Various studies have provided evidence that treatment of
AR with specific immunotherapy, either sublingual or
subcutaneous, can reduce BHR and may prevent asthma.

Anti-IgE

A multicentre, randomized, double-blind, parallel-group,
placebo-controlled trial evaluated the safety and efficacy
of omalizumab in a total of 405 patients (12–74 years)
with moderate-to-severe asthma (197). Fewer patients
treated with omalizumab experienced asthma exacerba-
tions (20.6%) than placebo-treated patients (30.1%,
P = 0.02). A clinically significant improvement in both
asthma quality of life questionnaire and rhinitis quality of
life questionnaire occurred in 57.7% of omalizumab
patients compared with 40.6% of placebo patients
(P < 0.001). Omalizumab reduced symptom scores for
asthma (P = 0.023), rhinitis (P < 0.001) and the com-

posite asthma/rhinitis scores (P < 0.001) compared with
placebo. Omalizumab is well tolerated and effective in
preventing asthma exacerbations and improving quality
of life in patients with concomitant asthma and persistent
AR.

The observations we have just described in this item
support previous ARIA Initiative reports on the ben-
efits of optimal management of rhinitis on asthma
control. Table 3 summarizes the findings on this topic.
Intranasal glucocorticosteroids for the treatment of
rhinitis, may reduce morbidity in asthmatics. Antihis-
tamines and leukotriene receptor antagonists were
shown to contribute to asthma control or prevention.
Specific immunotherapy of rhinitis may reduce the risk
of asthma or improve asthma control. According to the
strength of recommendations proposed by Shekelle
et al. (112):

Oral H1-antihistamines are effective
in rhinitis

Strength of recommendation A

Oral H1-antihistamines have a modest
effect on asthma

Strength of recommendation A

Intranasal glucocorticosteroids are
effective in asthma

Strength of recommendation B

Intranasal glucocorticosteroids reduce
asthma exacerbations

Strength of recommendation B

Intra-bronchial glucocorticosteroids are
effective in rhinitis

Strength of recommendation A
(single study)

Oral leukotriene receptor antagonists are
often effective in rhinitis

Strength of recommendation A

Allergen-specific immunotherapy is
effective in both rhinitis and asthma in
atopic subjects

Strength of recommendation A

Anti-IgE monoclonal antibody is effective
in both rhinitis and asthma (approved
for severe uncontrolled asthma)

Strength of recommendation A

Table 3. Treatment of rhinitis improves asthma?

Authors Location
Number of
subjects Study design Benefit Comments

Adams et al. (177) USA 13 844 Retrospective cohort RR 0.7 (emergency
department visits)

For subjects using nasal glucocorticosteroids

Crystal-Peters et al. (178) USA 4944 Retrospective cohort RR 0.5 (emergency
visits/hospitalizations)

Nothing remarkable

Corren et al. (179) USA Nested case–control RR 0.56
(hospitalizations)

For subjects using nasal corticosteroids

Moller et al. (187) Europe 205 Randomized trial RR 0.40* (of having
asthma)

Three years study with immunotherapy

Grembiale et al. (191) UK 44 Randomized trial Reduced BHR to Mch Two years study with immunotherapy
Polosa et al. (192) Italy 30 Randomized trial Reduced BHR to AMP

but not to Mch
Three years study with immunotherapy

Dahl et al. (171) Europe 262 Randomized trial Nonsignificant trend
to improvement

Treatment with intranasal fluticasone

Lombardi et al. (193) Italy 51 Open controlled trial Reduced BHR to Mch Three years study with immunotherapy
Taramarcaz and Gibson (170) Cochrane

(multiple)
425 Systematic review

of randomized trials
Nonsignificant trend

to improvement
Assessment of 11 trials to evaluate the

effect of nasal steroids

RR, relative risk; BHR, bronchial hyper-responsiveness; Mch, methacoline; AMP, adenosine 5¢-monophosphate.
* Extrapolated from published information.
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Discussion

Within the time period between the years 2000 and 2005
new evidence has emerged supporting the notion that the
epidemiological association between asthma and rhinitis is
stronger than previously thought. Patients with asthma
and AR incur higher costs and disease severity than those
with symptoms of asthma alone. On the other hand,
asthmatics with symptoms of rhinitis have worse quality
of life. Rhinitis and asthma share common genetic and
environmental risk factors, but rhinitis is the most
significant independent risk factor for asthma and might
have some specific risk factors of its own. New convincing
imaging and histopathological evidence has been provided
that chronic rhinitis is closely related to chronic sinusitis,
and that both of them are related to asthma. No new
entries to the list of treatment options for management of
rhinitis, which also improve asthma control (nasal gluco-
corticosteroids, antihistamines, leukotriene receptor
antagonists and specific immunotherapy) could be added.
We found various publications on the topics �preva-

lence of asthma in rhinitis and of rhinitis in asthma�,
�rhinitis as a risk factor for asthma� and �treatment of
rhinitis improves asthma�. These reports were reviewed
and grouped in specific sections of this article, some of
them further divided in subtopics. However, reports on
�links between the upper and lower airways in children�,
�diagnosis of co-morbidities in patients with rhinitis or
asthma in general practices and pharmacies� and �co-
morbidities in the developing world�, were scarce, and we
have decided to switch from these proposed items to:
�common characteristics of the upper and lower airways
in rhinitis and asthma� and �co-morbidities in patients
with rhinitis or asthma�.
Although some evidence of direct nose–lung interac-

tion exists, indicating that an exacerbation of rhinitis may
precipitate asthma symptoms, and therefore control of
rhinitis could protect subjects from asthma, it is likely
that the strong association between asthma and rhinitis
results from the fact they are both manifestations of a
combined allergic respiratory disease. Moreover, finding
rhinitis as a risk factor for asthma does not necessarily
imply causality. Being a risk factor could also be
explained in the context of sequential manifestations of
one systemic disease, in which symptoms of rhinitis often
precede those from asthma. It might be easier to envisage
rhinitis and asthma as a systemic illness if we take the
vascular consequences of hypertension, diabetes of
dyslipidaemia in many different organs for analogy. If

we are to fully exploit the new paradigm of unity of the
airways or pathophysiological identity between rhinitis
and asthma in clinical practice, the need emerges to
rationalize decisions on treatment to optimize risk/benefit
and cost/effectiveness ratios. Topical nasal glucocorticos-
teroids are the preferred choice of treatment for moder-
ate-to-severe persistent AR. In milder forms of rhinitis,
when necessary and possible, the choice of oral treatment
with antihistamines or leukotriene receptor antagonists,
may provide additional benefit for those having concom-
itant asthma. Interventions such as immunotherapy, and
eventually anti-IgE, can also be incorporated to treat-
ment, providing simultaneous effects on the upper and
lower airways.

The publication available after the last ARIA papers
mostly reinforces the previous statements:

1 allergic rhinitis is one of the multiple risk factors for
asthma development;

2 patients with persistent AR should be evaluated for
asthma;

3 patients with asthma should be evaluated for rhinitis;
4 a combined strategy should be used to treat the upper

and lower airways for better efficacy/safety ratio and
5 in middle- to low-income countries, a specific strategy

may be needed, depending on available treatments
and medical resources, and the respective costs in-
volved.
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