
Advances in Dermatology and Allergology 5, October/2020 751

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0). 
License (http://creativecommons.org/licenses/by-nc-sa/4.0/)

Original paper

Address for correspondence: Agnieszka Lipiec MD, PhD, Department of the Prevention of Environmental Hazards and Allergology,  
Medical University of Warsaw, 1a Banacha St, 02-507 Warsaw, Poland, phone: +48 22 599 20 39, e-mail: alipiec@wum.edu.pl 
Received: 18.03.2019, accepted: 24.03.2019.

Sensitisation to airborne allergens as a risk factor  
for allergic rhinitis and asthma in the Polish population

Agnieszka Lipiec1, Adam Sybilski1,2, Jarosław Komorowski1, Konrad Furmańczyk1,3, Andrzej Namysłowski1, 
Wojciech Zieliński1,4, Filip Raciborski1, Artur Z. Białoszewski1, Bolesław Samoliński1

1Department of the Prevention of Environmental Hazards and Allergology, Medical University of Warsaw, Warsaw, Poland 
2Department of Paediatric and Neonatology, Central Clinical Hospital of the Ministry of Internal Affair, Warsaw, Poland
3�Department of Applied Mathematics, Faculty of Applied Informatics and Mathematics, Warsaw University of Life Sciences, Warsaw, 
Poland

4Department of Econometrics and Statistics, Warsaw University of Life Sciences, Warsaw, Poland

Adv Dermatol Allergol 2020; XXXVII (5): 751–759

DOI: https://doi.org/10.5114/ada.2019.84231

Abst rac t
Introduction: The patterns of sensitisation to airborne allergens and their association with allergic diseases have 
been analysed in different geographical regions. 
Aim: To analyse the impact of sensitisation to airborne allergens on allergic rhinitis (AR) and asthma in different 
age groups of the Polish population. 
Material and methods: Completed questionnaires of 18,617 subjects (53.8% females), collected within the ECAP, 
a cross-sectional multicentre study, were analysed. Three groups of respondents were included: 6–7-year-olds 
(24.2%), 13–14-year-olds (25.4%), 20–44-year-olds (50.4%). The clinical part (an anamnesis, physical examination, 
spirometry, skin prick tests and an assay of major airborne allergen-specific IgE) was attended by 25.7% of the 
respondents. 
Results: The AR was most strongly related to sensitisation to Dermatophagoides pteronyssinus, with the highest 
odds ratios of 10 in two younger groups and of 16 for persistent AR in children. It was also the most important risk 
factor for allergic asthma, with odd ratios from 8.34 in children to 6.40 in adolescents. Sensitisation to grass pol-
len allergens was a major risk factor for both AR, with odds ratios from 9.16 in adults to 7.87 in adolescents, and 
asthma, with odds ratios from 6.16 in adolescents to 5.67 in adults. 
Conclusions: AR and asthma shared common risk factors, independently of age. Sensitisation to airborne allergens 
was significantly associated with asthma and, even more strongly, with AR, across all age groups. The AR was the 
strongest risk factor for allergic asthma in the youngest group. Persistent AR increased asthma risk more than 
intermittent AR in all age groups.
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Introduction

It is agreed that atopy is an important risk factor for 
allergic rhinitis and asthma; however, to what degree it 
affects the development of these diseases is still under 
debate. Published papers have analysed various aspects 
of this association, such as differences in sensitisation 
patterns and their association with allergic diseases as 
well as environmental interactions between sensitisation 
and the development of the disease [1–6]. As the major 
airborne allergens vary with geographical area [7, 8], the 
associations between sensitisation and allergic rhinitis 

and asthma have been investigated in populations from 
various regions in the world, including Europe [9–18]. The 
present extensive epidemiological study of these associa-
tions in the Polish population follows this line of research.

Aim

The aim of the study was to analyse the impact of 
sensitisation to airborne allergens on allergic rhinitis and 
asthma in different age groups of the Polish population.
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Material and nethods

The ECAP was a cross-sectional multicentre study 
that used complete ECRHS II and ISAAC questionnaires, 
translated into Polish and validated in a pilot study. 
Subjects living in the eight large Polish urban centres 
(Warsaw, Lublin, Białystok, Gdansk, Poznan, Wroclaw, 
Katowice, Krakow) and one rural area (Zamosc and Kras-
nystaw districts) were included in the study. The study 
group was randomised and stratified based on the per-
sonal identity number (PESEL), which covers the entire 
population of Polish residents. A total of 20,454 respon-
dents were enrolled; however, 18,617 questionnaires 
(including 10,011 (54%) questionnaires completed by 
females) met the ultimate quality assessment criteria. 
The study included three groups of respondents, namely, 
6–7-year-old children (24.2%, n = 4,510), 13–14-year-old 
adolescents (25.4%, n = 4,721), and 20–44-year-old adults 
(50.4%, n = 9,386).

The questionnaire-based survey was conducted via 
computer-assisted personal interviewing (CAPI) with the 
use of personal digital assistant (PDA) technology. Com-
pleted questionnaires were automatically transferred via 
General Packet Radio Service (GPRS) to a central unit to 
form a database for analysis. In the questionnaire, the 
presence of allergic rhinitis (AR declared) was identified 
with the question: “Do you suffer from any nasal aller-
gies, including runny nose due to allergy to plant pollen 
(hay fever)?” The presence of asthma (asthma declared) 
was assessed with the question “Have you ever had 
asthma?” while asthma symptoms were identified with 
the question “Have you had wheezing or whistling in 
your chest at any time in the last 12 months?”

A total of 25.7 % of the respondents (n = 4783) were 
recruited in a randomised procedure to participate in 
a complementary clinical assessment, of whom 27.8% 
were aged 6–7 years (n = 1329), 27.6% were aged 13–14 
years (n = 1321) and 44.6% were adults (n = 2133). Clini-
cal assessment included medical history, physical exam-
ination and spirometry with bronchodilator challenge. 
Sensitisation was confirmed by a positive skin prick test 
(SPT) for airborne allergens where the response was re-
corded according to applicable standards. A wheal diam-
eter of at least 3 mm was considered a positive reaction 
according to the EAACI recommendation [19, 20]. Serum 
specific IgE (sIgE) to Dermatophagoides pteronyssinus 
(d1), Timothy grass (g6), Alternaria alternata (m6), and 
cat (e1) was assayed using the reference method CAP 
(Phadia reagents, UniCAP 100 Laboratory System) (n = 
4077 records with sIgE). The concentration of sIgE anti-
bodies of at least 0.70 IU/ml (classes 2–6) was consid-
ered positive. The diagnoses were verified based on the 
ARIA [21, 22] and GINA criteria [23, 24].

Statistical analyses used a test for equality of propor-
tions (prop.test) to compare the prevalence of individual 
allergic conditions. Odds ratios (OR) with their 95% con-

fidence intervals (CI) were calculated for each potential 
risk factor, individual diagnosis, and age group. The R 
software package was used for the analyses (www.r-
project.org)

In the questionnaire, allergic rhinitis was declared 
by 22.6% (n = 4,192) of the respondents (23.54% of the 
6–7-year-olds, 24.6% of the 13–14-year-olds and 21.0% 
of the adults). Clinically, AR was diagnosed in 28.9%  
(n = 1,385) of the subjects, with 47.7% suffering from 
intermittent allergic rhinitis and 52.3% suffering from 
persistent allergic rhinitis [25]. Asthma was declared in 
the questionnaire by 4.6% (n = 860) of the respondents. 
The presence of whistling or wheezing was reported by 
13.5% (n = 2,508) of the subjects. A clinical diagnosis of 
asthma was made in 10.6% (n = 505) of the subjects, 
and allergic asthma was diagnosed in 6.5% (n = 313) [26]. 
This diagnosis was most common among the 13–14-year-
olds, at 7.6% (n = 100). The differences in prevalence of 
allergic asthma between the three age groups were not 
statistically significant.

The study was approved by the relevant institutional 
Bioethics Committee. It was carried out as part of the 
project “Implementation of the system for prevention 
and early diagnosis of allergic disorders in Poland” (No. 
6 P05 2005 C/06572) funded by the Ministry for Health 
and Ministry for Science in Warsaw, Poland.

Results

Prevalence of allergic sensitisation

Of the 4,783 participants who underwent skin prick 
testing for airborne allergens (SPT), 45.8% tested posi-
tive for at least one allergen. Positive SPT results were 
noted significantly more frequently among males (49.3%) 
than females (42.9%) (p < 0.05). Positive results were 
least common (39.3%) among the 6–7-year-old children  
(n = 1329). They were significantly more common among 
the 13–14-year-old adolescents (48.6%, n = 1321) and the 
adults (48.2%, n = 2133). 

Regarding the entire study population, positive SPT 
results most commonly revealed sensitisation to Der-
matophagoides pteronyssinus allergens (23.4%). Derma-
tophagoides pteronyssinus allergy was also most com-
mon in each of the three age groups; however, this rate 
was significantly lower among the 6–7-year-olds (16.2%) 
than among the 13–14-year-olds (27.5%) and the adults 
(25.4%) (p < 0.05) (Figure 1 A). The estimated preva-
lence of sensitisation to D. pteronyssinus antigens based 
on a combination of SPT and sIgE assays for the entire 
study population was similar (23.7%), and the rates for 
the three age groups were also significantly lower in the 
6–7-year-old group (17.4%) compared to the 13–14-year-
olds (27.1%) and the adults (25.1%) (Figure 1 B).

The second most commonly sensitising antigen 
in the entire group was grass pollen allergen (21.3%). 
The sensitisation rate for this antigen was significant-
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ly lower among the 6–7-year-olds (15.9%) compared 
to the 13–14-year-olds (24.6%) and the adults (22.5%)  
(p < 0.05). The prevalence of sensitisation to grass pollen 
antigens assessed by combining the SPT and serum sIgE 
results was 22% for the entire group examined and was 
also significantly lower in the 6–7-year olds (16.6%) than 
among the 13–14-year-olds (25.1%) and the adults (23.1%)  
(p < 0.05) (Figure 1 B). 

The allergen of Dermatophagoides farinae was the 
third most common sensitising antigen according to SPT 
results, both for the entire study group (20.7%) and in 
individual age groups. The sensitisation rates for this al-
lergen were significantly lower among the 6–7-year-olds 
(14.9%) compared to the 13–14-year-olds (23.6%) and the 
adults (22.5%) (p < 0.05) (Figure 1 A).

Rye, classified in the grass family, also caused less 
sensitisation among the 6–7-year-olds (11.2%) than 
among the 13–14-year-olds (17.9%) and the adults (18.3%) 
(p < 0.05). Among other seasonal allergens, sensitisa-
tion to birch, the most potent allergen among trees, was 
revealed by SPT testing among the 6–7-year-olds more 
often (10.7%) than sensitisation to the weed Artemisia 
(8.8%). This ratio was reversed and the rates were almost 
twice as high among the 13–14-year-olds and adults, with 
positive SPT results to the birch allergen noted in 16.1% 
and 16.8%, respectively, and to Artemisia in 17.2% and 
20.1%, respectively (Figure 1 A).

Among animal-derived allergens, there was greater 
sensitisation to feline allergen than canine allergen 
across all groups, with the 6–7-year-olds demonstrating 
the lowest rates. The rates of feline allergen sensitisation 
in the adults assessed by combining SPT and sIgE results 
vs. SPT alone were the same, at 14.2%, while in the two 
younger groups the rates diagnosed by combining SPT 
and sIgE assays were slightly higher than those assessed 
with SPT only, with rates of 10.2% vs. 8.8%, respectively, 

among the 6–7-year-olds and 15.4% vs. 14.7% among the 
13–14-year-olds (Figure 1).

Among mould allergens, Alternaria produced more 
sensitisation than Cladosporium across all age groups. 
Among the 13–14-year-olds and adults, the prevalence 
of sensitisation to Alternaria allergens diagnosed by SPT 
and sIgE vs. SPT alone was similar, at 10.7% vs. 10.1% in 
the younger group and 7.1% vs. 6.8% in the older group, 
while in the 6–7-year-olds, the rate based on SPT and 
sIgE was higher by 1.2% (10.0%) than the rate based on 
SPT alone (8.8%) (Figure 1).

Allergic sensitisation in relation to allergic rhinitis

Clinically diagnosed AR was very strongly associated 
with sensitisation to house dust mite allergens across 
all age groups. While the rates of D. pteronyssinus sen-
sitisation assessed by SPT alone were similar in all age 
groups, with the odds ratios ranging from 6.70 (95% CI: 
4.9–9.2) among the 6–7-year-olds to 7.25 (95% CI: 5.5–
9.5) and 7.33 (95% CI: 5.9–9.1) among the 13–14-year-
olds and adults, respectively, the rates of sensitisation to  
D. pteronyssinus antigens diagnosed by a combination 
of SPT and an sIgE assay indicated a substantial inten-
sification of the association between sensitisation and  
AR among the 6–7- and 13–14-year-olds to OR = 10.10 
(95% CI: 7.24–14.21) and OR = 10.29 (95% CI: 7.50–
14.22), respectively. This association was the strongest 
compared to sensitisation rates to other airborne al-
lergens. Sensitisation to D. pteronyssinus allergens was 
most strongly associated with persistent AR across all 
age groups. The highest odds ratio of 16.01 (95% CI: 
10.71–24.39) was recorded among the 6–7-year-olds as 
assessed by combined SPT and sIgE positivity, compared 
to OR = 13.30 (95% CI: 9.27–19.31) among the 13–14-year-

Figure 1. Prevalence of sensitisation to airborne allergens by age group as assessed by skin prick testing (SPT) alone  
(n = 4783) (A) and the combination of SPT and an sIgE assay (n = 4077) (B)
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olds and OR = 9.84 (95% CI: 7.45–13.09) among the 
adults (Table 1).

Sensitisation to pollen antigens was also a major 
risk factor for AR across all age groups. When assessed 
on the basis of combined SPT and sIgE positivity, this 
association was most marked among the adults (OR = 
9.16, 95% CI: 7.18–11.75), in whom grass pollen allergen 
sensitisation increased the risk of both intermittent and 
persistent AR to a similar extent, while in both younger 
groups the risk of subjects sensitised to grass pollen al-
lergens developing intermittent AR was nearly twice as 
high as the risk of development of persistent AR (Table 1).

All age groups also registered a marked associa-
tion between AR, mainly persistent, and sensitisation 
to animal-derived airborne allergens, being the highest 
for feline allergens as assessed by SPT combined with 
sIgE, with the associated odds ratios ranging from 8.61  
(95% CI: 5.75–13.11) among the 6–7-year-olds to 6.06 
(95% CI: 4.25–8.73) among the 13–14-year-olds (Table 1).

Allergic sensitisation in relation to asthma

The prevalence of declared asthma and asthma 
symptoms in the questionnaire increased most strongly 
in association with sensitisation to D. pteronyssinus as 
diagnosed by means of SPT combined with sIgE. The rise 
was similar in all age groups (Figure 2). Sensitisation to 
the house dust mite was the strongest risk factor for 
clinically diagnosed allergic asthma in the 6–7-year-old 
age group both when the diagnosis was based on SPT 
alone (OR = 8.2, 95% CI: 5.1–13.2) (Table 2) and when SPT 
was combined with sIgE (OR = 8.34, 95% CI: 4.45–16.32) 
(Figure 2).

Among the other perennial allergens, sensitisation 
to animal-derived allergens, especially feline, was more 
strongly associated with both questionnaire-declared 
and clinically diagnosed allergic asthma than sensiti-
sation to Alternaria allergens across all age groups (Ta- 
ble 2, Figure 2). 

Among seasonal allergens, clinically diagnosed aller-
gic asthma was markedly associated with sensitisation 
to grass pollen allergens. That association was similar-
ly strong across all age groups (Figure 2, Table 2). Also 
a marked association between sensitisation to a sea-
sonal allergen and clinical diagnosis of allergic asthma 
existed for birch pollen, with odds ratios ranging from 4.7 
(95% CI: 2.8–7.8) among the 6–7-year-olds to 3.5 (95% CI: 
2.3–5.4) among the 13–14-year-olds (Table 2).

In all age groups, the increase of the percentage of 
allergic rhinitis was observed with an increasing number 
of sensitising allergens, from 1 out of 4 to 3 out of 4 al-
lergens, i.e. in polysensitised individuals (Figure 3).

Allergic rhinitis in relation to asthma 

The odds ratio analysis revealed an association 
between questionnaire-declared asthma and asthma 

symptoms and the diagnosis of AR across all age groups, 
with odds ratio values ranging from 6.2 (95% CI: 4.8–7.9) 
among the 13–14-year-olds to 4.3 (95% CI: 3.2–5.8) in 
the youngest age group for declared asthma and from 
4.3 (95% CI: 3.5–5.2) among the 13–14-year-olds to 3.1  
(95% CI: 2.7–3.5) among the adults for questionnaire-
declared symptoms of asthma.

Clinically, AR was found to be the strongest risk factor 
for allergic asthma in the youngest age group. A diagno-
sis of AR increased the risk of being diagnosed with aller-
gic asthma from an OR of 13.44 (95% CI: 7.3–26.2) among 
the 6-year-olds to OR 7.92 (95% CI: 4.6–14.1) among the 
13–14-year-olds. A diagnosis of persistent AR increased 
the risk of having clinically diagnosed allergic asthma to 
a much greater extent than a diagnosis of intermittent 
AR across all age groups (Table 3).

Discussion

The prevalence of sensitisation to allergens varies be-
tween different geographical regions and affects up to 
50% of the population [27]. The percentage of 45.8% pos-
itive skin prick test results for at least one allergen places 
the study population in the highly sensitised group. We 
found the highest sensitisation rates to allergens of the 
house dust mite D. pteronyssinus and, among seasonal 
allergens, to grass pollen. House dust mites have been 
recognized as a dominant allergen throughout different 
parts of the world; the prevalence of sensitisation to  
D. pteronyssinus was significantly higher than the study 
median in sites in Belgium, France, the Netherlands, the 
UK, Ireland, New Zealand and in Australia. However, it 
was low in Scandinavia, Spain, Iceland and Italy [27]. In 
Nordic countries it is the cat and dog, together with pol-
len, that are the dominant sensitisers [14, 28].

The prevalence of SPT positivity in our study was sig-
nificantly lower among 6–7-year-old children compared 
to 13–14-year-olds and adults, including the most com-
mon sensitisers of D. pteronyssinus and grass pollen. 
These findings are in accordance with ISAAC Phase Three 
Study Group data, where the average prevalence (across 
all centres that participated in Phase Three) of current 
rhinoconjunctivitis symptoms for the 13–14-year-olds 
was 1.7-fold higher than for the 6–7-year-olds [1].

In our study, sensitisation to any allergen was sig-
nificantly associated with AR in all age groups. Clinically 
diagnosed AR was very strongly associated with allergy 
to the antigens of the house dust mite D. pteronyssinus 
across all age groups, the association being up to twice 
as strong in the younger age groups as compared with 
the adults. The strongest association with sensitisation 
to D. pteronyssinus allergens was that of persistent AR, 
the strength of the association growing inversely pro-
portionally to age. Across all age groups, AR, mainly the 
persistent form, was also very markedly associated with 
sensitisation to feline allergens (odds ratio analysis). Sen-
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sitisation to grass pollen allergens was another strong 
risk factor for AR in the study population.

The above findings are consistent with data from many 
other authors. According to Bousquet et al., mites and pol-
len are the major allergens associated with allergic rhinitis 
[29, 30]. Lam et al. found mite sensitisation a strong predic-
tor of rhinitis [12]. Sensitisation to pollen has been strongly 
associated with rhinitis according to many studies [9, 17, 20, 
29–32] but not many have analysed sensitisation to pollen 
as a risk factor for rhinitis in different age groups. Warm  
et al. studied a population of adult Swedes aged 21–86 years 
to find that sensitisation to Timothy grass pollen, birch, and 

cat was significantly associated with allergic rhinitis and 
that the strength of the association decreased with age [5]. 

Schoefer et al. in a study of adult Germans found, as 
we and the studies quoted above have, a clear associa-
tion of sensitisation to outdoor (grass and birch pollen) 
and cat allergens with the development of hay fever; 
however, they found a significantly increased risk of doc-
tor-diagnosed asthma for individuals sensitised to in-
door allergens (house dust mites and also cat) [33]. Stoltz  
et al. also believe that while detectable levels of sIgE to 
seasonal allergens are associated with an increased rhinitis 
risk, increased levels of sIgE to perennial allergens are as-
sociated with an increased risk of asthma [34]. 

Sensitisation to any allergen was strongly associated 
with asthma in all age groups of our study. Sensitisation 
to house dust mites emerged as the strongest risk factor 
for clinically diagnosed allergic asthma. Among perennial 
allergens, feline allergy was markedly associated both with 
questionnaire-declared asthma and clinically diagnosed al-
lergic asthma. 

In accordance with a number of previous studies in 
adults and children [3, 10, 32, 35] the current study demon-
strated that sensitisation to indoor allergens was strongly 
associated with asthma. Simpson et al. in a multivariate 
regression analysis performed as part of the Manchester 
Asthma and Allergy Study found that sensitisation to house 
dust mite, cat, dog and grasses were all independently as-
sociated with asthma [32]. 

Across all age groups in our study, a clinical diagnosis of 
allergic asthma was also strongly associated with sensiti-
sation to grass pollen allergens. Unlike our study, the Man-
chester Asthma and Allergy Study found that sensitisation 
to grass pollen allergens appeared to be of much less impor-
tance in asthma than sensitisation to indoor allergens [32]. 
One hypothesis advanced to account for the finding that 
pollen allergens were more often associated with rhinitis 
highlighted that pollen particles are generally too large to 
penetrate the lower respiratory tract. However, it has been 
shown that pollen grains can be found in bronchial secretions 
and lung parenchyma [36]. What is more, allergen-containing 
pollen starch granules released from the pollen grains can 
easily enter the lower respiratory tract and trigger inflamma-
tion there [37], a fact that can lend support to our findings.

In summary, in our study, allergic sensitisation to air-
borne allergens was significantly associated with asthma 
and even more strongly with allergic rhinitis. These results 
are consistent with data from studies of numerous popula-
tions [5, 12, 14, 33, 38]. It may be due to the fact that rhini-
tis has been mainly associated with allergic sensitisation, 
whereas asthma is also associated with several environ-
mental factors including smoking, traffic exhausts, socio-
economic status, early respiratory infections, living in damp 
houses, environmental conditions, paracetamol usage and 
obesity [38]. 

In the study population, the percentage of allergic rhi-
nitis increased with the number of sensitising allergens 
across all age groups, suggesting a positive association be-

Figure 2. Associations between allergic asthma diagnosed 
clinically and sensitisation to airborne allergens (assessed 
by combined SPT and sIgE positivity), measured as odds 
ratios (OR) with 95% confidence intervals (95% CI) by age 
group (6–7-year-olds (A), 13–14 year-olds (B), adults (C))
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tween the degree of sensitisation (assessed by the num-
ber of positive skin tests and/or sIgE) and the disease. This 
observation is consistent with data from other authors in 
various regions of the world reporting that sensitisation to 
multiple allergens was associated with a high prevalence 
of respiratory allergy [8, 12, 14, 39–41]. 

Clinically diagnosed AR was found to be the strongest 
risk factor for allergic asthma in the youngest age group. 
A diagnosis of AR increased the risk of a diagnosis of aller-
gic asthma with an odds ratio of 16 in the 6–7-year-old age 
group and with an odds ratio of 8 among the 13–14-year-
olds and among adults. A diagnosis of persistent AR in-
creased the risk of being diagnosed with allergic asthma to 
a much greater degree than a diagnosis of intermittent AR. 
Data from numerous papers, confirmed by the position of 
ARIA, confirm that rhinitis increases the risk of asthma [11, 
22, 42]. Moreover, asthma prevalence increases with the 
duration of rhinitis [22, 29]. The ECRHS study confirmed 
persistent rhinitis as a major risk factor for asthma, with 
odds ratios of 11 for the atopic and 17 for the non-atopic 
phenotype [11]. The concept of “united airway disease” 
has introduced an integrated view of rhinitis and asthma 
[22, 36, 43]. Accordingly, ARIA guidelines recommend that 

patients with persistent rhinitis should be evaluated for 
asthma while GINA guidelines advise the evaluation of 
asthmatic patients for nasal involvement [23, 24].

The strengths of our study are the enrolment of a large 
population-based sample covering children, adolescents 
and adults and the methodology employed to determine 
the presence of allergic sensitisation. Skin prick testing is 
commonly used for this purpose in epidemiologic studies. 
However, while skin prick tests seem to be more sensitive, 
the sIgE test is more specific [2]. The use of sIgE antibody 
testing in addition to skin prick testing increased the ac-
curacy of the diagnosis [44–46].

Our study has some limitations. One of the problems 
of a two-phase design is the proportion of participants 
willing to undertake the second phase. Adults were less 
numerously represented than 6–7-year-olds or 13–14-year-
olds in the clinical assessment phase as compared to the 
questionnaire phase. Univariate risk analyses failed to de-
tect the influence of other variables. 

The outcomes of our study are of practical relevance. 
Familiarity with risk factors of allergic respiratory disease 
relevant for a given population is very helpful for an appro-
priate diagnostic and preventive approach.

Table 2. Association between questionnaire-declared asthma/clinically diagnosed allergic asthma and sensitisation to 
airborne allergens (positive SPT) measured as odds ratios (OR) with 95% confidence intervals (95% CI) for individual 
age groups

Allergen OR (95% CI)

6–7-year-olds (n = 1329) 13–14-year-olds (n = 1321) 20–44-year-olds (n = 2133)

Asthma declared Allergic asthma Asthma declared Allergic asthma Asthma declared Allergic asthma

Birch 2.2
(1.2–4.2)

4.7
(2.8–7.8)

1.7
(1.0–2.7)

3.5
(2.3–5.4)

2.6
(1.7–3.9)

4.2
(2.9–6.0)

Alder 2.4
(1.1–4.9)

5.4
(3.0–9.5)

1.5
(0.8–2.6)

5.0
(3.2–7.9)

2.3
(1.5–3.6)

4.1
(2.8–5.9)

Hazel 2.2
(1.1–4.6)

7.4
(4.3–12.7)

1.7
(1.0–2.9)

6.6
(4.3–10.3)

2.6
(1.7–4.0)

4.9
(3.4–7.1)

Grasses 2.3
(1.3–4.0)

5.5
(3.5–8.9)

2.3
(1.5–3.5)

6.5
(4.3–10.3)

3.8
(2.6–5.6)

6.3
(4.4–9.1)

Rye grass 2.1
(1.1–4.0)

6.1
(3.7–10.0)

2.8
(1.8–4.4)

6.1
(4.0–9.3)

2.6
(1.7–3.9)

6.1
(4.3–8.8)

Mugwort 2.0
(1.0–4.1)

4.9
(2.9–8.3)

2.0
(1.2–3.1)

3.9
(2.5–5.9)

2.3
(1.5–3.5)

4.6
(3.2–6.5)

Alternaria 1.3
(0.6–2.9)

3.6
(2.0–6.3)

2.0
(1.2–3.5)

3.0
(1.8–5.0)

2.3
(1.3–4.1)

4.4
(2.8–7.0)

Cladosporium 2.3
(0.9–6.0)

3.3
(1.5–7.3)

2.0
(1.0–4.2)

3.2
(1.7–5.2)

1.5
(0.8–3.0)

4.5
(2.9–7.2)

D. pteronyssinus 3.0
(1.7–6.1)

8.2
(5.1–13.2)

1.7
(1.1–2.7)

6.6
(4.3–10.3)

3.3
(2.2–4.8)

6.9
(4.8–10.1)

D. farinae 4.7
(2.8–7.9)

7.5
(4.6–12.1)

2.2
(1.4–3.4)

9.4
(6.0–14.8)

3.6
(2.5–5.4)

6.8
(4.7–9.8)

Dog 3.4
(1.8–6.5)

5.9
(3.4–9.9)

3.1
(1.8–5.3)

5.5
(3.4–9.1)

2.9
(1.8–4.6)

4.4
(3.0–6.5)

Cat 3.8
(2.1–7.0)

7.0
(4.2–11.7)

2.6
(1.6–4.1)

5.6
(3.7–8.6)

6.1
(4.1–9.0)

9.2
(6.4–13.3)
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Conclusions 

Sensitisation to airborne allergens was significantly 
associated with asthma and even more strongly with al-
lergic rhinitis across all age groups. Allergic rhinitis and 
asthma share common risk factors; independently of 
age, the strongest associations were observed for sen-
sitisation to allergens from D. pteronyssinus, D. farinae, 
grass pollen and cats. AR was the strongest risk factor 

for allergic asthma in the youngest group. Persistent AR 
increased asthma risk more than intermittent AR in all 
age groups.
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Figure 3. Percentage of airborne allergic diseases by number of sensitising allergens (assessed by combined SPT and sIgE 
positivity) in individual age groups (n = 4077) (6–7-year-olds (A), 13–14 year-olds (B), adults (C))
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Table 3. Association between clinically diagnosed allergic 
asthma and allergic rhinitis as measured by odds ratios 
(OR) with 95% confidence intervals (95% CI) in individual 
age groups

AR OR (95% CI)

6–7-year-olds 
(n = 1329)

13–14-year-olds 
(n = 1321)

20–44-year-olds 
(n = 2133)

Allergic asthma

AR 13.44
(7.3–26.2)

7.92
(4.6–14.1)

8.10
(5.1–13.3)

AR 
intermittent

3.35
(1.8–5.9)

1.63
(0.9–2.9)

2.24
(1.4–3.5)

AR 
persistent

9.14
(5.3–15.7)

7.42
(4.5–12.2)

6.02
(3.9–9.2)
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