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ABSTRACT: Recent reports have suggested an increased asthma prevalence in the 
Nordic countries. The prevalence of asthma and related symptoms from lower air
ways in UmeA, Northern Sweden, was investigated in 1987. 

We used a questionnaire and a skin prick test in 1,112 teenagers. Individuals 
with symptoms or positjve skin prjck tests were examined further. The clinical ex
amination included an interview, a veollliltory lung function test, serum specific im
munog.lobulin E (IgE) test, and a physical examination. Individuals with symptoms 
from the lower airways underwent a methachoUne inhalation test. Asthma was 
defmed as recurrent attacks of dyspnoea and/or wheezing, triggered by known 
stimuli (excluding infections), and at least one of the following: signs of obstruc
tive airways at examination or provocation concentration giving a 20% fall in forced 
expiratory volume in one second (PClJ <8 mg·ml'1• 

Using this definition, the prevalence of asthma was 6.8%, with a signillcaotly 
higher prevalence in girls (9.6 %) than in boys (4.1 %). Furthermore, 16.4% had 
dyspnoea, wheeze or prolonged cough but did not fulfil our criteria for asthma. 
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The prevalence of asthma and of symptoms from lower airways is higher than 
has previously been found in Sweden. 
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In recent years, there have been reports about the in
creasing prevalence of asthma from many parts of the 
world, including the Nordic countries [ 1 ~]. The reasons 
for this increase are obscure, although many theories have 
been proposed, for example, increasing urbanization, in
creasing air pollution including smoking, or new build
ing methods resulting in a poor indoor environment 
[3, 7]. 

Recently, several studies [8-10) have shown that the 
prevalence of asthma in Northern Sweden is higher than 
in the rest of Sweden. The reasons for this are unknown, 
but it is thought that geographical differences in climate 
and house building may account for this [3, 8}. 

The aim of the present study was to examine the preva
lence of asthma and symptoms from lower airways in 
pupils in grade eight in school (most aged 14 yrs) in the 
municipality of Umea, and to form a cohort for prospec
tive studies. 

Material and methods 

Population 

All pupils in grade eight in school (1,159 pupils; 597 
boys, 562 girls, most aged 14 yrs) in the municipality of 
Umea in 1987, were studied. The municipality of Umea 

has about 80,000 inhabitants. It is situated in Northern 
Sweden, by the coast of the Bay of Bothnia, 700 km 
north of Stockholm and 350 km south of the Arctic cir
cle. The economic life is dominated by the public sec
tor (the university and the regional hospital), with very 
few industries compared to other towns in Northern Swe
den. In this area, there are nine public schools and one 
private school. Some of the schools are situated close 
to heavy traffic, and others not, with pupils attending 
from the central town and from smaller communities in 
the periphery of the municipality. Mid-temperature in 
July is +15.5°C, and in January -8.7°C. 

Study design 

The study design is presented in figure 1. Between 
September and December 1987 (autumn and beginning 
of winter), questionnaires were distributed by the school 
nurses. A few weeks later, skin prick tests were carried 
out, after written consent from pupils and parents. All 
pupils with at least one positive skin prick test, or stat
ing any symptoms from the airways, were invited for a 
further ex.am.ination consisting of an interview, a physi
cal examination, a ventilatory lung function test, and de
termination of specific irrununoglobulin E (lgE) in serum. 
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Population 

n=1159 

No 
n=47 

No 
n=516 

No 
n=78 

No 
n=205 

No 
n=34 

Fig. I. - Aowchan of study design. QUE: questionnaire; SPT: skin 
prick test; INT: interview; LFI': lung function test; RAST: radio
allergosorbent test; PE: physical examination; LA: lower airways; 
MET: methacholine. 

In pupils presenting with any symptoms fTom the lower 
airways. a methacholine provocation test was performed. 
The study was compleled in December l988. Tile re
sul ts from the skin prick tests and specific lgE will be 
analysed later. In the present study, no gracling of the 
severity of asthma or rhinoconjunctjvitis was carried out. 

The study was approved by the Ethics Committee of 
the University of Ume~, and by the Swedish Data Inspec
tion Board. 

Questionnaire 

The questionnaire consisted of 12 questions concern
ing asthma, rhinoconjunctivitis and symptoms from the 
airways, and allergic heredity and smoking habits. 

Skin prick test (SPT) 

Skin prick tests were performed using Phazet (Pharm
acia AB, Uppsala Sweden) [11]. Ten common allergens 
in Sweden were tested: birch, timothy grass, mugwort, 
cat, horse, dog, Dermatophagoides farinae, Derma
tophagoides pteronyssi1111~~ Cladosporiwn and Alternaria. 
Histamine and blank tests were used as controls. The 
circumference of all resulting wheals were drawn and 
transposed to the test protocol. The mean of two per
pendicular diameters was taken to be the size of the re
action. A reaction of 3 mm or more was taken to be a 
positive reaction. 

Interview 

The interview was based on an interview protocol, but 
the interviewer was allowed to rephrase the questions if 
they were not completely understood. AU interviews and 
physical examinations were carried out by the same phy
sician (EN). 

Specific lgE in serum 

Specific serum fgE levels were determined using 
Phadebas radio-allergosorbenl test (RAST) (Pharrnacia 
AB. Uppsala, Sweden). The rcsu l1s were given in 
Phadebac; RAST units (PRU·mJ·'). RAST was considered 
to be positive when >0.34 PRU·mJ·'. Specific serum lgE 
levels were determined whenever there was a positive 
SPT, or the individual reported symptoms from a certain 
allergen. 

Ventilatory lung function test 

Lung function (forced expiratory volume in one sec
ond (FEY 1) and vital capacity (VC)) was measured us
ing a dry bellow spirometer (Yitalograph Ltd, VK). The 
best result, of at least Lhree tracings for each individual, 
was used for lhe analysis. Results are presented as % 
of reference values, accorcling to BIURE [12]. 
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Methacholine inlu:zlation test 

A methacholine inhalation test was carried out, as de
scribed by JUNIPER et al. [13], in all individuals who re
ported symptoms (dyspnoea, cough or wheeze) from the 
lower airways. 

Aerosols of physiological saline or methacholine were 
delivered continuously by means of a Wright nebulizer, 
with an output of 0.13 ml·min·• into a face mask, held 
loosely over the mouth and clipped nose. Each aerosol 
was inhaled by tidal breathing for 2 min. After inhala
tion of saline, methacholine was inhaled at 5 rnin inter
vals, in twofold increasing concentrations from 0.03 to 16 
mg·ml-1• The test was shortened by selecting the start
ing concentration of methacholine according to the base
line spirometry, the response to the control inhalation of 
saline, and the dose of the recent medication required to 
control symptoms [14]. The response was measured by 
FEV 1, before and at 0.5 and 1.5 min after each inhala
tion. Inhalations were discontinued if there was a fall 
in FEV1 of 20% or more below the lowest post-saline 
value. Results were expressed as the provocation con
centration giving a 20% fall in FEV1 (PC:w). With this 
method, symptomatic asthmatics generdlly have a PCw of 
less than 8 mg·m1·1 with a reproducibility of ±1 twofold 
concentration [14-18]. A methacholine test was not per
fanned if the baseline FEV 1 was below 70% of the pre
dicted nonnal. 

Definitions 

"Current asthma": this diagnosis was made if, within 
the preceding year, the individual had had recurrent at
tacks of dyspnoea, with or without wheezing, triggered 
by known stimuli (not including infections), and at least 
one of the following: PCw of 8 mg·m1·1 or less, or signs 
of obstructive airways at examination. 

"Current allergic asthma": the individual fuUilled the 
diagnosis of asthma, and had attacks of dyspnoea or 
wheezing when in contact with a particular allergen, and 
had a positive SPT or RAST against that particular al
lergen. Individuals with asthma and at least one posi
tive SPT, but no dyspnoea or wheezing when in contact 
with this allergen, were not classified as suffering from 
allergic asthma. 

Individuals with prolonged cough, dyspnoea or wheez
ing, but not fulfilting the criteria given above, have been 
classified as suffering from other symptoms from lower 
airways (OSLA). 

"Current rhinoconjunctivitis": individuals with symp
toms of rhinitis or conjunctivitis when in contact with 
a particular allergen within the preceding year, and a posi
tive SPT or a positive RAST against that particular 
allergen. 

Rhinitis that did not fulfil these criteria was classified 
as other symptoms from upper airways. 

Results 

A total of 1,112 of the 1,159 individuals (96%), 
562 boys and 550 girls, answered the questionnaire or 

underwent the SPT, and 985 (85%) participated in both 
questionnaire and SPT. Forty seven individuals (4%), 35 
boys and 12 girls, did not participate. 

The questionnaire was answered by 1,100 individuals 
(95%). The prevalence of self-reported actual or fonner 
asthma in the questionnaire was 7.2% among the boys 
and 7.0% among the girls. The prevalen~e of any symp
tom from lower airways was 8.1% and 15.8%, respec
tively. The prevalence of positive answe~ to the different 
questions are shown in tables l and 2. 

Of the 997 (86%) individuals who were sldn prick 
tested, 43% (44.5% of boys and 42.0% of girls) had at 
least one positive reaction. Cat, followed by timothy 
grass and birch, were the most common allergens to give 
positive reactions. 

Table 1. - Prevalence (%) of self-reported asthma and 
rhinoconjunctivitis according to questionnaire 

Question Prevalence (%) 
Boys Girls Total 

Have you had asthma? 7.2 7.0 7.1 

Have you been treated by 
a doctor for asthma? 7.4 6.2 6.8 

Yes for at least one of above 7.6 7.3 7.5 

Have you had hayfever? 11.9 8.8 10.3 

Have you been treated by 
a doctor for hayfever? 8.8 5.7 7.3 

Table 2. - Questionnaire: prevalence (%) of positive 
answers to questions about symptoms from lower air-

ways 

Symptoms from lower airways Prevalence (%) 
Boys Girls Total 

Do you cough abnonnally often? 
More often than your friends? 1.6 4.8 3.2 

Do you usually have wheeze 
in your chest? 3.4 5.9 4.6 

Do you usually get attacks 
of dyspnoea? 1.3 5.1 3.2 

Do you get more out of breath 
than your friends at exercise? 4.3 7.3 5.8 

Do you get wheeze in your chest 
when exercising outdoors in winter? 3.8 7 .9 5.8 

At least one of the above mentioned 8.1 15.8 11.9 

A total of 518 (260 boys, 258 girls) individuals were 
interviewed. Of those invited, 78 individuals (42 boys, 
36 girls) did not participate in this part (partial loss 
13.1%). 

The questions regarding smoldng (questionnaire) were 
answered by 923 pupils (83.9%). Of these, 25 were 
smokers (3%, 8 boys and 17 girls). In addition, one 
more smoking boy was found at the interview. Of the 
smokers, 13 (5 boys and 8 girls) took part in the inter
view, five (1 boy, 4 girls) were non-participants, and the 
rest were symptom free without any positive SPT. 
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Of the smokers participating in the interview, three girls 
had asthma, four girls and one boy had OSLA. 

Questionnaire analyses further showed that five pupils 
(2 boys and 3 girls) were ex-smokers. One of the five 
was interviewed, and six more ex-smokers were found (4 
girls and 2 boys) by the interviews. Of these, two boys 
and one girl had asthma, and three girls had OSLA. 

Table 3. - Results: prevalence of asthma and other 
symptoms from lower airways 

Boys Girls Total 
n (%) n (%) n (%) 

Asthma 23 (4.1) 53 (9.6) 76 (6.8) 
Adjusted a~thma* 25 (4.5) 56 (10.2) 81 (7.3) 
OSLA 96 (17.1) 86 (15.6) 182 (16.4) 
*: adjusted for partial loss from questionnaire to interview. 
OSLA: other symptoms from lower airways. 

According to our criteria for asthma, 76 individuals 
(6.8%), 23 boys and 53 girls, were diagnosed to have 
asthma (table 3). The prevalence of asthma in girls 
(9.6%) was higher than in the boys (4.1%); the differ
ence was statistically significant (p<O.OOI). Of the 
asthmatics, 31 individuals (10 boys, 21 girls) were diag
nosed to suffer from allergic asthma. The mean FEY 1 

in percentage of predicted normal was 89% (86% in boys 
and 90% in girls). Three individuals, two boys and 
one girl, did not participate in the methacholine test. 

Signs of airway obstruction were present at examination 
in 19 individuals (7 boys and 12 girls). Of the 76 asth
matics, 40 individuals (14 boys, 26 girls) had a former 
diagnosis of asthma. Inhaled beta-agonists and/or inhaled 
steroids was needed to control symptoms by 87% of the 
girls and 74% of the boys. The prevalences of at least 
one positive SPT, allergic rhinoconjunclivitis, and fami ly 
history of asthma and rhinoconjunctivitis are shown in 
table 4. 

Adjusting for partial loss from questionnaire to interview, 
assuming the same prevalence in the non-participants as 
in the participants, increases the prevalence of asthma 
(table 3). 

The prevalence of OSLA was 16.4% (182 individuals), 
and in this group there was no difference between the 
sexes (table 3). The mean FEV1 %was 91% of predicted 
(89% in boys, 94% in girls). In the OSLA group, 
14 individuals (5 boys and 9 girls), who had clinically, 
strongly suspected current asthma and a history of bene
fiting from using beta-agonists, were classified as not 
suffering from asthma according to our criteria. There 
were also some individuals who had had asthma in their 
childhood, with no perceived asthma in the year preced
ing the investigation, and had cough, wheezing or dysp
noea only with infections, without any need of medication 
(table 5). 

Of the OSLA individuals, 30 individuals (21 boys and 
9 girls) did not participate in the methacholine inhalation 

Table 4. - Results: prevalence (%) of at least one positive SPT, aller
gic conjunctivitis, family history of asthma or hayfever in asthmatic and 
OSLA subjects 

Asthmatic subjects OSLA subjects 

Boys Girls Total Boys 

At least one positive SPT 82 64 69 78 
Allergic rhinoconjunctivitis 74 53 59 38 
Family history of asthma 41 11 20 19 
Family history of hayfever 55 23 32 28 
SPT: skin prick: test; OSLA other symptoms from lower airways. 

Table 5. - The OSLA group 

Ex.cessive or prolonged cough without wheeze or dyspnoea 

Occasional wheeze, not accompanied by dyspnoea 

Childhood asthma, symptoms only at infections, no medication last year 

Symptoms only at infections, no medication 

Thorax deformity or heart disease causing dyspnoea or wheeze 

Girls 

70 
30 
19 
18 

Dyspnoea ancVor wheeze only at exercise or infections, not using/needing medication 

Dyspnoea and/or wheeze only at exercise, using bronchodilators with anamnestic benefit 

Suspected allergic asthma using/needing no medication 

Suspected allergic asthma using/needing medication 

Dyspnoea and/or wheeze triggered by several stimuli, using bronchodilators 

Total 

Total 

75 
34 
19 
24 

Boys 
n 

31 

5 

10 

22 

17 

5 

5 

0 

0 

96 

Girls Total 
n n 

20 51 

3 8 

5 15 

15 37 

2 3 

25 42 

4 9 

7 12 

3 3 

2 2 

86 182 
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test. In one of these, a boy, a methacholine test was not 
performed, because he had a FEV 1 lower than 70% of 
predicted normal. He showed no significant reversibility 
after inhalation of a beta-agonist, and was given the di
agnosis of OSLA. In the OSLA group, there were 15 
individuals (5 boys, 10 girls) who had wheezing, dysp
noea or cough when they came in contact with certain 
allergens, and had a positive SPT or RAST to that par
ticular allergen, but who did not fulfil the criteria for 
asthma. Of these, all but one girl also suffered from al
lergic rhinoconjunctivitis, and three girls but no boy used/ 
needed bronchodilators when exposed to the actual aller
gen. The mean FEV 1 % predicted was 94 (88 in boys, 
97 in girls) in this group. One individual, a boy, had a 
FEV 1 lower than 80% of predicted. 

Discussion 

We found a higher prevalence of asthma than has 
been previously found in studies in Sweden, but lower than 
that reported from USA [4], and New Zealand [5]. 
The present results may be compared with earlier findings 
in Sweden (table 6), based partly or totally on question
naires, and dealing partly with teenagers. The diagnostic 
criteria for asthma vary, but are mostly based on self
reported data of wheezing or dyspnoea [2, 7-9], or the clin
ician's diagnosis [1]. The present results are more consist
ent with the results from previous studies from the north of 
Sweden [9, 10], than with those from the south [1, 2, 7, 8]. 

Table 6. - Prevalence of asthma in former studies 

However, the studies from Northern Sweden were per
formed more recently than those from Southern Sweden. 
This geographical difference might, therefore, either be 
due to a change in the prevalence of asthma over a pe
riod of time, or be a true difference in the prevalence of 
asthma, or a combination of both. 

Our results are probably underestimating the true prev
alence of asthma. Adjusting for partial loss from ques
tionnaire to interview, the prevalence of asthma could 
be estimated at 7.3% (table 3). The use of different 
diagnostic criteria, adding all self-reported former asthma 
and recurrent symptoms of wheezing and dyspnoea with 
a history of benefit from bronchodilators (table 5) would 
have given a prevalence of "ever asthma" of 9.4% (6.8% 
in boys, 12.2% in girls), without changing the difference 
between the sexes. The high prevalence cannot be ex
plained by smoking, since the smoking prevalence was 
very low, probably owing to the intense anti-smoking in
formation in the schools from the fourth grade upwards. 

According to our criteria, individuals with symptoms 
of allergic asthma were not classified as asthmatics if they 
did not have signs of airways obstruction at the time of 
the examination, or had a Few of 8 mg·mi·1 or less. This 
might lead to an underestimation of the prevalence of in
dividuals with asthma only on contact with specific al
lergens and no perennial asthma. The low prevalence of 
current allergic asthma might reflect a low recognition by 
the pupils of the relationship between asthmatic symptoms 
and allergens, since the prevalence of allergic rhino
conjunctivitis and at least one positive SPT among the 
asthmatic subjects was high (table 4). 

First 
author 

[Ref] Study Region* 
period 

Studied ages 
yrs 

Method Diagnosis Prevalence % 
Boys Girls Total 

KRAEPELIEN 

AB ERG 

BRABACK 

NORRMAN 

(present study) 

(l] 

[2] 

(8] 

[9] 

[7) 

1948/49 Sweden 
1949/50 

Stockholm 

1975 Linki:iping 

7, 9- 10, 13- 14 
13- 14 

7, 9- 10, 13- 14 
13- 14 

7 

1979/80 Kiruna, Gothenburg 7, 10, 14 
and county of 
Kronoberg 

1985 Sundsvall 7-16 

1985 Norrki:iping 0.5- 16 

1987 Umea 14 

Data from 
school health 
care 

Questionnaire 
answered by 
parents 

Questionnaire 

Questionnaire 
answered by 
parents 

Questionnaire 
answered by 
parents 

A 

AL 

A 

A 

AL 

Questionnaire A 
answered by the 
teenagers, SPT, 
interview 

3.9 

2.7 

4.1 

1.4 

2.1 

9.6 

0.73 
0.53 

1.37 
0.87 

2.7 

2.4 

4.0 

5.2 

6.8 

* Kiruna and Sundsvall are situated in the north of Sweden, Stockholm, Linkoping and Norrki:iping in the middle, and Gothenburg 
and the county of Kronoberg in the south of Sweden. A: current asthma; AL: ever asthma; SPT: skin prick test. 
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In the present study, 182 individuals who had symptoms 
from lower airways were not classified as asthmatics ac
cording to our criteria Some of these pupils previously suf
fered from asthma, or had clinically, strongly suspected 
asthma. 

The difficulty in finding a definition of asthma to cover 
all asthmatic individuals and no non-asthmatic individual 
is well-known. Since the present study was designed not 
only to investigate the prevalence of asthma at the time 
of the study, but also to form a cohort to be folJowed, 
considering the life course of asthma. a very strict def
inition was needed. We have chosen a definition of cur
rent asthma based on two factors: firstly, the anamnestic 
part which is the major criterion, and, secondly the lab
oratory or physical findings which strengthen the diag
nosis. By using this definition, at least 14 individuals 
with symptoms very suggestive of asthma, and using and/ 
or needing bronchodilators, were classified as not having 
asthma (table 5). Monitoring peak expiratory flow (PEF) 
variability would probably have added more information. 
This was the initial intention in the study design, but 
proved impossible to carry out because of lack of co
operation from the teenagers. Using the criteria of cur
rent asthma as defined by the Tuscon group [I 9] causes 
a diagnostic shift in some individuals, but the prevalence 
does not change considerably, still being 6.7% (74 indi-
viduals), 3.9% in boys and 9.4% in girls. · 

In contrast to most previous studies [1, 2, 20], we 
found a significantly higher prevalence of asthma in 
girls than in boys. This sex difference cannot be ex
plained by differences in smoking habits, immunological 
sensitization, or heredity. There is some evidence in other 
studies that supports our results. In a study of asthma 
in 7-14 year old children [8] from three different parts 
of Sweden, the authors found a shift in the sex ratio 
(boys/girls) with asthma from 1.8/1 up to two years of 
age, to 0.711 in ll-14 year old children. ln a study from 
Finland [20], girls tended to report more minor symptoms 
than boys. The design of the present study, excluding 
individuals without symptoms from further investigations, 
might cause a bias if girls report more symptoms than 
boys. However, there were approximately the same rela
tive number of girls and boys in the clinically examined 
group. The prevalence of symptoms suggestive of aller
gic rhinoconjunctivjtis in the questionnaire was similar in 
girls and boys. We therefore believe that the higher 
prevalence of asthma in girls, found in the present study, 
is true, since under-reporting of symptoms in the male 
group was probably negligible and, therefore, of little con
sequence to the final result. 

In adolescence, girls usuaLly develop earlier than boys. 
It is, therefore, possible that the higher asthma prevalence 
in girls only reflects a greater tendency of hyperreactivity 
in the dynamic events of adolescence. This may fade out 
when the growing period ceases. If this is the case, one 
would expect to see a decreasing prevalence of asthma 
in the girls (or an increasing prevalence in the boys) in 
this cohort in about three or four years. 

As in former studies, our study supports the concept 
that childhood asthma improves in adolescence (table 5). 

The planned follow-up studies will be of special interest 
in these individuals, according to relapse- and healffig
tendency. 
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