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The aim of this study was to assess the influence of some risk fac-
tors for onset and remission of allergic rhinitis and asthma in
Swedish adults. A random sample of 1,370 subjects, age 20 to 44
yr was investigated by means of postal questionnaires in 1990 and
1993. Skin prick tests were conducted in 1991-1992. The associa-
tion between risk factors and onset or remission of allergic rhinitis
and asthma was estimated using multivariate logistic regression
analysis. Onset of allergic rhinitis was associated with sensitization
to birch (odds ratio [OR] = 6.5), Parietaria (OR = 7.4); and pets
(OR = 3.0) and with female sex (OR = 1.9). Onset of asthma was
associated with allergic rhinitis (OR = 4.9), sensitization to pets
(OR = 2.4); and with smoking (OR = 3.0). Onset of asthma was
strongly associated with allergic rhinitis among atopics (OR = 5.7),
but onset of asthma and rhinitis also tended to be related among
nonatopics (OR = 3.5). A strong association between smoking and
onset of asthma was found among nonatopics (OR = 5.7). In con-
clusion, sensitization to pollens and pets were risk factors for onset
of allergic rhinitis, whereas allergic rhinitis, sensitization to pets,
and smoking were risk factors for onset of asthma.

The prevalence of allergic rhinitis (AR) and asthma has in-
creased during the last 30 years in many countries including
Sweden (1, 2). Cross-sectional studies have revealed that adult
asthma is associated with sensitization to inhaled allergens (3—
5). However, prevalence studies have some limitations consid-
ering the identification of risk factors. The association be-
tween atopic sensitization and asthma in adults could be
caused by asthma that started in childhood. Other possible
risk factors could be obscured by change in exposure or life-
style after the onset of the disease (e.g., change of smoking
habits after the onset of asthma). The aims of this study were
to investigate the influence of some risk factors for onset or re-
lapse and remission of AR and asthma.

METHODS

Study Design and Population

The first two parts of this study were performed in accordance with
the European Community Respiratory Health Survey (ECRHS) pro-
tocol (6), i.e., a cross-sectional investigation of a random sample of
the general population. A random sample of 1,800 men and 1,800
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women age 20 to 44 was selected from each of the three Swedish study
areas using the national, computerized population register, which
contains continuously updated information about age, sex, and ad-
dress for the total population of Sweden. The computerized selection
of the random population samples was done directly from the register
and independent of the study investigators. A postal questionnaire
(Stage I) was sent to all subjects in the beginning of December 1990
(7). With the aim of obtaining approximately 600 participating sub-
jects from each area, random subsamples of individuals (950, 800, and
672 subjects from Goteborg, Uppsala, and Visterbotten, respectively)
were selected for participation in Stage II of the study. The subjects
were selected from the original Stage I sample using computerized
randomization. The different numbers of subjects were chosen owing
to differences in estimated participation rates between the areas. Only
those who had previously answered the screening questionnaire were
invited to participate. In all, 89.2% of the invited subjects agreed to
participate. Stage II was conducted between February 1991 and June
1992 and included a large questionnaire, skin prick tests, total and
specific immunoglobulin E (IgE), lung function and methacholine
challenge tests (5, 8). In the third stage of the study, we used a postal
questionnaire, identical to the initial screening questionnaire. It was
sent to all subjects who had participated in the second stage of the
study, in the beginning of December 1993, exactly 3 yr after the initial
questionnaire. In total, 1,358 subjects (86% of those invited) partici-
pated in this third stage of the study.

The study was approved by the ethics committees at the universi-
ties in the three areas and by the Swedish Data Protection Board.

Areas of Residence

The study areas are described in our previous publications (7, 8).
Goteborg is the second largest city in Sweden, located at the sea in the
southwestern part of the country. Uppsala is a university city, 60 km
northwest of Stockholm in the interior of the country. Visterbotten is
a large county in northern Sweden with a subarctic climate.

In all three areas, the birch pollen season in May 1993 was the
most powerful ever recorded (9).

Questionnaires

The screening questionnaire was the ECRHS modified version of
the International Union Against Tuberculosis and Lung Disease
(IUATLD) questionnaire (10, 11).

Definitions

AR was defined as a positive answer to the question “Do you have hay
fever or any other nasal allergy?” The criterion for asthma was a positive
answer to at least one of the questions: “Have you had any asthma at-
tacks during the last 12 months?” or “Are you currently using any form
of medication (aerosols, powder inhalers, or tablets) against asthma?”
The criteria for AR and asthma were the same as in the Stage I study
(7). Onset of AR was defined as no AR at Stage I (1990) and AR at
Stage III (1993). Similarly, onset of asthma was defined as no asthma at
Stage I and asthma at Stage I1I. Thus, onsets of AR and asthma included
both primary onsets of these conditions and relapses of previous disease.

Remission of AR was defined as AR at Stage I and no AR at
Stage III. Similarly, remission of asthma was defined as asthma at
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TABLE 1
BASIC CHARACTERISTICS OF RESPONDERS AND NONRESPONDERS

Responders Nonresponders
(n=1,358) (n=501)
Females, % 51.5 50.6
Age, yr, mean * SD 33.2+73 323+ 7.2
Smokers, % 27.3 31.9
AR in 1990, % 23.6 23.0
Asthma in 1990, % 6.1 8.4
*p < 0.05.

Stage I and no asthma at Stage I11. Atopy was defined as one or more
positive skin prick tests (SPT).

Skin Prick Tests

Skin prick testing was carried out using Phazets (Pharmacia Diagnos-
tics, Uppsala, Sweden), stainless-steel lancets precoated with lyo-
philized standardized allergen extracts (12). SPT was performed as a
single test and in accordance with the European Academy of Aller-
gology and Clinical Immunology (EAACI) position paper (13). All
the fieldworkers were trained to perform the SPT in a standardized
manner (6). The common ECRHS panel of allergens was used: cat,
house-dust mite (HDM) (Dermatophagoides pteronyssinus), timothy
grass, birch, Cladosporium herbarum, Alternaria alternata, olive, com-
mon ragweed, and Parietaria judaica. In addition, two common Swed-
ish allergens, dog and mugwort, were added. A histamine-coated
Phazet was used as the positive control and an uncoated one as the
negative control. A mean weal diameter of 3 mm or more was re-
garded as positive (13). SPT to olive and common ragweed was not in-
cluded in this presentation because of the low occurrence of sensitiza-
tion to these allergens.

SPT to pets was defined as a positive SPT to cats, to dogs, or to
both. SPT to pets was used in the multivariate logistic regression anal-
ysis to avoid collinearity because of the close association between sen-
sitization to cats and dogs (14). SPT to molds was defined as a positive
SPT to C. herbarum, to A. alternata, or to both. SPT to molds was
used in the multivariate logistic regression analysis because of the few
cases of sensitization to the separate allergens.

Statistics

The chi-square test was used when analyzing differences between
groups. Fisher exact test was used, when small numbers were com-
pared (n < 100). Unpaired ¢ test was used to compare continuous vari-
ables. Multivariate logistic regression analysis was performed to esti-
mate the adjusted odds ratios (OR) when taking several independent
variables into account. When nothing else is specified, age (an in-
crease of 10 yr), sex, area of residence, cat or dog at home, smoking,
and positive SPT to the various allergens were included as indepen-
dent variables. The statistical analyses were performed with the Stat-
View 4.0 (Abacus Concepts, Inc., Berkeley, CA) and Statistica 4.0
(StatSoft Inc., Tulsa, OK) software packages. Values of p < 0.05 (two-
tailed test) and OR with the 95% confidence intervals (CI) excluding
1.0 were regarded as statistically significant.

RESULTS

Subjects who fulfilled all stages of the study were compared
with nonresponders to SPT at Stage II or to the Stage III ques-
tionnaire (Table 1). The nonresponders were younger than
the responders. In addition, there tended to be more smokers
and more asthmatics among nonresponders than among those
who participated. The prevalence of AR and asthma in 1990
and 1993 and the number of onsets and remissions in 1993 are
shown in Table 2.

Allergic Rhinitis

Subjects with or without onset of AR and with or without re-
mission of AR are described in Table 3. Onset of AR occurred
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TABLE 2

PREVALENCE OF AR AND ASTHMA IN 1990 AND IN 1993
AND THE NUMBER OF ONSETS AND REMISSIONS IN 1993

Prevalence Prevalence Onsets Remissions

in 1990 (%) in 1993 (%) n (%) n (%)
AR 24.0 25.8 86 (8.4) 64 (19.8)
Asthma 6.2 7.8 51 (4) 30 (36.1)

more frequently among women than among men. There was a
tendency toward more nonsmokers among those who had on-
set of AR than among those without onset of AR. Sensitiza-
tion to all allergens was more common among subjects with
onset of AR than among subjects without onset of AR. In the
multivariate logistic regression analysis, onset of AR was asso-
ciated with SPT to birch, Parietaria, and pets and to female
sex. All new cases of AR sensitized to Parietaria were resi-
dents in G6teborg.

Subjects with remission of AR were more often smokers
than subjects without remission, but the difference was not
statistically significant. In addition, sensitization to all aller-
gens was less frequent in the remission group compared with
subjects without remission. In the multivariate logistic regres-
sion analysis, remission of AR was still negatively associated
with atopic sensitization, whereas smoking was not associated
with remission.

Subjects with onset of AR were compared with subjects re-
porting these conditions in both 1990 and 1993. Among sub-
jects who reported onset of AR, 64.0% were women com-
pared with 49.2% of those with AR in both 1990 and 1993 (p <
0.05). Among subjects with onset of AR, 64.0% were sensi-
tized to one or more allergens, whereas 84.2% of subjects with
AR in both 1990 and 1993 were sensitized (p < 0.001).

Asthma

Subjects with or without onset of asthma and with or without
remission of asthma are described in Table 4. Individuals with
onset of asthma were younger than subjects without asthmatic
onset. More smokers had onset of asthma than nonsmokers
had, though the difference was not statistically significant in
this unadjusted analysis (p = 0.07). However, the association
between smoking and onset of asthma was statistically signifi-
cant in the adjusted analysis. Preexisting AR and sensitization
to major allergens, in particular to pets, were more common in
subjects with onset of asthma than in subjects without. No sub-
jects sensitized to Parietaria had onset of asthma. Of subjects
with AR, 13.1% had onset of asthma compared with 1.6% of
persons without AR. Among subjects sensitized to pets, 13.4%
had onset of asthma compared with 2% of those who were not
pet-sensitized. In the multivariate logistic regression analysis,
onset of asthma was independently associated with AR, SPT
to pets, and smoking. AR itself was associated with sensitiza-
tion to specific allergens. Therefore, a multivariate analysis
was made without inclusion of AR as an independent variable.
SPT to pets was then even more strongly associated with onset
of asthma (OR = 4.0; CI = 1.9 to 8.5), and SPT to grass
tended to be associated with onset of asthma (OR = 2.1; CI =
1.0 to 4.6), whereas SPT to birch and HDM was still not asso-
ciated with onset of asthma. In a multivariate logistic regres-
sion analysis, atopy was included instead of sensitization to the
individual allergens. Both AR (OR = 6.0; CI = 3.0 to 12.2)
and atopy (OR = 2.7; CI = 1.3 to 5.7) were independently as-
sociated with onset of asthma.

Onset of asthma was studied separately in atopics and non-
atopics (Table 5). In atopics, those with onset of asthma were
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TABLE 3
ONSET AND REMISSION OF AR IN RELATION TO POTENTIAL RISK FACTORS

No Onset Onset OR* (95% Cl) No Remission Remission OR* (95% ClI)
(n=941) (n = 86) Onset (n = 260) (n = 64) Remission
Age, yr, mean = SD 33.5+73 323+73 0.9 (0.7-1.3)} 324+7.2 341 +7.5 1.0 (0.6-1.5)f
Females, % 50.8 64.0% 1.9 (1.2-3.2) 49.2 50.0 1.7 (0.3-1.2)
Smokers, % 29.7 22.1 0.6 (0.4-1.2) 20.0 29.7 1.2 (0.6-2.6)
Pets at home, % 28.6 24.4 1.0 (0.6-1.7) 22.3 28.1 0.9 (0.4-1.8)
SPT to
cat, % 5.4 24.41 — 45.8 20.31 —
dog, % 3.9 22.11 — 47.7 12.51 —
pets, % 7.0 31.41 3.0 (1.6-5.8) 61.2 25.01 0.4 (0.2-0.9)
mite, % 6.1 19.81 1.5(0.7-3.3) 20.0 3.0 0.2 (0.03-0.7)
grass, % 5.4 17.41 1.3 (0.6-2.9) 52.7 18.81 0.4 (0.2-0.9)
birch, % 5.1 34.91 6.5 (3.6-12.0) 49.2 10.97 0.2 (0.1-0.4)
mugwort, % 2.4 10.51 2.0 (0.7-5.2) 14.6 3.18 0.5 (0.1-2.3)
Parietaria, % 0.9 3.58 7.4 (1.7-33) 4.6 1.6 0.5 (0.1-5.0)
molds, % 1.4 5.8l 2.1 (0.5-7.9) 8.9 1.6% 0.4 (0-3.8)
Atopy, % 18.7 64.01 8.0 (4.9-12.8)* 84.2 42.21 0.1 (0.1-0.2)*

* Adjusted for age, sex, area of residence, smoking, pets at home, and sensitization to specific allergens.

10 years’ difference.
* Adjusted for atopy instead of specific allergens.
$p < 0.05,p < 0.01, Ip < 0.001, univariate analysis.

younger, more often sensitized to pets, and had more often
AR compared with those without onset of asthma. In the mul-
tivariate analysis, AR was associated with onset of asthma. In
addition, onset of asthma tended to be associated with low
age, sensitization to pets, and more weakly with smoking.

Among nonatopics, smoking and AR were more common
among those with onset of asthma than among those without
onset of asthma. Of 246 smokers, nine (3.7%) had onset of
asthma, whereas four out of 606 nonsmokers had onset of
asthma (0.7%). In a multivariate analysis, which included age,
sex, area of residence, smoking, and self-reported AR as inde-
pendent variables, onset of asthma was associated with smok-
ing, and there was a tendency toward an association between
self-reported AR and onset of asthma.

Subjects with onset of asthma (n = 51) were compared with
subjects who reported asthma in both 1990 and 1993 (n = 53).

Among new cases of asthma, 39.2% were smokers, whereas
15.1% of those who already had asthma were smokers (p <
0.01). Cat at home was reported in 18.0% of those with asth-
matic onset and in 3.8 % of those who already had asthma (p <
0.05).

Subjects with remission of asthma were slightly younger
and more often pet owners compared with subjects without re-
mission, but these differences were not statistically significant.
In addition, sensitization to pets and HDM tended to be less
frequent among those with remission compared with subjects
without remission. A multivariate logistic regression analysis
including multiple independent variables was not feasible be-
cause of the small numbers. An analysis that included age, sex,
smoking, pets at home, and sensitization to pets as indepen-
dent variables did not show any statistically significant associa-
tions with remission of asthma.

TABLE 4
ONSET AND REMISSION OF ASTHMA IN RELATION TO POTENTIAL RISK FACTORS

No Onset Onset OR* (95% Cl) No Remission Remission ORT (95% Cl)
(n=1,224) (n=351) Onset (n=153) (n = 30) Remission
Age, yr, mean = SD 333+73 31.1 x 6.2 0.7 (0.4-1.1)* 33.7+74 31.9 +7.2 0.6 (0.3-1.2)F
Females, % 50.7 49.0 1.0 (0.6-1.9) 64.2 63.3 0.9 (0.3-2.4)
Smokers, % 27.5 39.2 3.0 (1.5-5.8) 151 20.0 1.6 (0.5-5.3)
Pets at home, % 27.8 26.0 1.0 (0.5-2.1) 11.3 26.7 2.8 (0.8-9.8)
AR in 1990, % 18.6 68.0** 4.9 (2.3-10.4) — — —
SPT to
cat, % 11.4 49.0** — 49.1 46.7 —
dog, % 10.5 52.9** — 52.8 20.01 —
pets, % 15.9 58.8** 2.4 (1.1-5.2) 58.5 46.7 0.6 (0.2-1.7)
mite, % 8.7 21.61 1.5(0.7-3.4) 15.1 6.7 —
grass, % 133 47.1** 1.4 (0.6-3.2) 32.1 333 —
birch, % 14.0 43.1** 1.3(0.6-2.7) 30.2 333 —
mugwort, % 4.3 15.7* 1.6 (0.6-3.9) 13.2 6.7 —
Parietaria, % 1.6 0 — 7.6 0 —
molds, % 2.7 5.9 0.6 (0.1-2.2) 7.6 6.7 —
Atopy, % 31.5 74.5%* 2.7 (1.3-5.8)% 67.9 60.0 0.8 (0.3-2.2)%

* Adjusted for age, sex, area of residence, smoking, pets at home, allergic rhinitis, and sensitization to specific allergens.
T Adjusted for age, sex, smoking, pets at home, and sensitization to pets.

£10 years’ difference.
& Adjusted for atopy instead of specific allergens.
I p < 0.05, Ip < 0.01, **p < 0.001, univariate analysis.
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TABLE 5

ONSET OF ASTHMA IN ATOPICS AND NONATOPICS IN
RELATION TO POTENTIAL RISK FACTORS

Atopics (n = 423)

Nonatopics (n = 852)

No Onset Onset OR* (95% ClI) No Onset Onset ORT (95% Cly
(n = 38%) (n= 38) Onset (n= 839 (n=13) Onset
Age, yr, mean + SD 325+73 29.7 + 5.7% 0.6 (0.3-1.0)* 33.7+73 35.1(5.9) 1.1 (0.5-2.4)*
Females, % 47.3 44.7 1.0 (0.5-2.1) 52.3 61.5 1.2 (0.4-3.9)
Smokers, % 26.0 29.0 1.8 (0.8-4.2) 28.3 69.2 5.7 (1.7-19.2)
Pets at home, % 23.6 21.6 0.9 (0.4-2.2) 19.6 15.4 —
SPT to pets, % 50.0 79.01 2.2 (0.9-5.1) — — —
AR in 1990, % 43.8 83.81 5.7 (2.2-14.6) 7.0 23.1% 3.5(0.9-13.5)

* Adjusted for age, sex, area of residence, smoking, pets at home, AR, and sensitization to pets.

T Adjusted for age, sex, area of residence, smoking, and AR.
£10 years’ difference.
§p < 0.05,p < 0.01, Tp < 0.001, univariate analysis.

DISCUSSION

Sensitization to birch, Parietaria, and pets, and female sex
were risk factors for onset of AR, whereas AR, smoking, and
sensitization to pets were risk factors for onset of asthma. Re-
mission of AR was more common in persons without sensiti-
zation. We found no other statistically significant predictors of
remission, but numbers were small.

Asthma in Relation to Rhinitis

AR was a strong risk factor for onset of asthma in accordance
with the previous findings of Settipane and coworkers (15). AR
was strongly associated with sensitization as expected, as in
principle all persons with AR should have atopy. Not only the
sensitization, but also the AR itself, was a risk factor for asthma.
Several pathophysiological mechanisms could explain the asso-
ciation between rhinitis and asthma: nasal obstruction leading
to mouth breathing, causing impaired warming and humidifica-
tion of the inspired air and increased deposition of inhaled aller-
gens in lower airways; a nasal-bronchial reflex; aspiration of na-
sal secretions; and an increased bronchial hyperresponsiveness
(BHR) in subjects with AR (16). Rhinitis also tended to be a
risk factor for asthma among nonatopics in accordance with the
results of another ECRHS publication (17).

Allergic Rhinitis and Asthma in Relation to Sensitization

In the cross-sectional study, sensitization to pets and not to
HDM was most strongly associated with asthma and BHR (5).
Two previous studies also indicated a particular importance of
sensitization to pets as a cause of adult asthma (18, 19). In this
study, pets were the sensitizing allergens most strongly associ-
ated with onset of asthma. Sensitization to pets was also re-
lated to onset of AR, underlining the importance of these al-
lergens. Pet owners did not have an increased risk for onset of
AR or asthma, but subjects with onset of asthma were more
often cat owners than those with asthma both in 1990 and in
1993. Persons with a long duration of asthma could be less
prone to have pets, and some asthmatics have probably re-
moved their pets after the onset of the disease. Subjects with
remission of asthma tended to have pets more often than sub-
jects without remission. However, only one pet-sensitized pet
owner had remission of asthma. Pet allergens are easily trans-
ported and can be found in public places, and in homes with-
out pets, where allergen levels might be sufficient to cause
symptoms (20-22).

Our finding that sensitization to birch and not to grass was
associated with onset of AR is most likely explained by the
powerful birch pollen season in 1993. Presumably, the high

pollen levels caused symptoms in sensitized subjects who had
no previous symptoms or who had had remission during years
of lower pollen counts. In spite of this powerful birch season,
sensitization to birch was not associated with onset of asthma.
Similarly, there was no association between birch-sensitization
and asthma in the cross-sectional analysis (5). It appears that
sensitization to birch is not an independent risk factor for
asthma in Swedish adults.

Parietaria is an important allergen in southern Europe (23).
Our finding of an association between sensitization and AR
suggests that Parietaria also has clinical importance in local ar-
eas in northern Europe. A rather large group of people re-
ported AR without being sensitized to the tested allergens.
Many of these subjects were probably misclassified as AR,
while they were suffering from nonallergic rhinitis.

Although AR was strongly related to onset of asthma,
atopy was also independently associated with asthmatic onset,
indicating that even asymptomatic atopy is a risk factor. Of
the atopic asthmatics, 33% had remission compared with 41%
of those with nonatopic asthma (p = 0.5). Thus, atopy itself
does not seem to have a prognostic value in asthma.

Asthma in Relation to Smoking

Exposure to environmental tobacco smoke is a risk factor for
pediatric asthma (24). Many studies have not found any clear
association between smoking and asthma (4, 5, 25-28). How-
ever, in some longitudinal studies of teenagers or young adults
(29-32) and in a case-control study (33), smoking was found to
be a risk factor for onset of asthma. Similarly, our study re-
vealed an association between smoking and onset of asthma,
in particular among nonatopics. Furthermore, we found more
smokers among subjects with onset of asthma than among
asthmatics who had the disease already in 1990. This could be
explained by a possible reluctance to start smoking or by a
stronger tendency to quit smoking among those who have a
long history of asthma. In questionnaire-based studies it is dif-
ficult to separate asthmatics from subjects with chronic ob-
structive pulmonary disease (COPD). However, in the cited
studies and in our study of young adults, the occurrence of
COPD should be low. Furthermore, we used the same criteria
for asthma in this study as in the cross-sectional study which
did not reveal any association between smoking and asthma
(7). Therefore, it is not probable that the relationship between
onset of asthma and smoking could be explained by misclassi-
fication. Cross-sectional studies could miss a possible relation-
ship between smoking and asthma because they are biased by
asthmatics who never started smoking or who stopped be-
cause of their disease. Together with the cited studies, our
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study indicates that smoking is an important risk factor for
asthma in young adults.

Nonresponse and Methodological Problems

The slightly higher proportions of smokers and asthmatics
among nonresponders compared with participants could have
biased the prevalence data of 1993 toward lower values, and
the higher proportion of smokers among nonresponders could
have biased the number of onsets of asthma toward lower val-
ues. However, the response rates were relatively high, so the
possible bias should not influence the results.

The results of this study come from a national analysis of
data collected for the ECRHS. A final international compari-
son might use a different form of analysis. Our definition of on-
set includes both new cases and relapses of disease in subjects
with previous remission. The very high proportions of onsets
and remissions indicate substantial fluctuations in reporting
current AR and asthma. Whereas AR and asthma are defined
as chronic disorders, it is possible that patients with a mild dis-
ease only report they have AR or asthma if they have recently
had symptoms. Thus, the risk factors that we have found are
risk factors for a mixture of onset and relapse of disease.

In conclusion, sensitization to pollens and pets and female
sex were associated with onset of AR, whereas AR and two, in
principle, preventable risk factors—smoking and sensitization
to pets—were associated with onset of asthma.
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