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ABSTRACT: It is still unclear whether the reported increase in the prevalence of
asthma is real or due to changes in diagnostic criteria. The objectives of this study
were to compare the prevalence of diagnosed asthma with the prevalence of res-
piratory symptoms, and to compare the association between asthma and other
atopic diseases in 1981 and 1994.

The study populations comprised randomly selected school classes in Oslo in
1981 (n=1,772) and 1994 (n=2,577). The main outcomes in these comparable cross-
sectional studies of children, 6–16 yrs of age, were parent-reported prevalence of
diagnosed asthma, respiratory symptoms, eczema and hay fever. The question-
naire was identical in 1981 and 1994.

The response rates were 94% (1,674 out of 1,772) in 1981 and 85% (2,188 out
of 2,577) in 1994. The lifetime prevalence of asthma increased from 3.4% in 1981
to 9.3% in 1994; odds ratio (OR) 2.9 (95% confidence interval (95% CI) 2.1–4.0)
comparing 1994 to 1981. The prevalence of occasional wheezing increased from
9.0 to 10.8%; OR 1.2 (95% CI 1.0–1.5), and attacks of wheezing from 3.7 to 6.8%;
OR 1.8 (95% CI 1.3–2.5). Survival analyses for 3 year birth cohorts showed that
asthma was more readily diagnosed in the latest birth cohort (1985–1988). The
association between asthma and other atopic diseases decreased during the peri-
od under study.

The increase in diagnosed asthma and respiratory symptoms supports a true
increase in asthma. However, the larger increase in diagnosed asthma than wheez-
ing and a reduced association between asthma and other atopic diseases suggest
that the increase in asthma may be explained, in part, by changes in diagnostic
criteria.
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There has been substantial interest in the increasing
secular trends in the prevalence of childhood asthma
[1–6]. Epidemiological data support an increase in asth-
ma prevalence and morbidity, but the extent to which
this change is exaggerated by diagnostic transfer and
increased awareness of respiratory symptoms associated
with wheezing illnesses is uncertain. Studies including
objectively measured asthma-related parameters support
a true increase [3, 5].

With increasing asthma morbidity, an increase in the
occurrence of respiratory symptoms in the population
is expected. The increase in the prevalence of physi-
cian-diagnosed asthma can, therefore, be compared to
the increase in the prevalence of respiratory symptoms.
Furthermore, if an increase in the prevalence of asthma
is caused mainly by an increase in the occurrence of
atopy, as has been claimed [7–9], the association between
asthma and other atopic diseases ought to remain con-
stant over time. In contrast, a change in the diagnostic
criteria of asthma with a focus on obstructive respira-
tory symptoms without specific allergy, or a possible
increase in factors that influence asthma but not other

atopic diseases, ought to result in a reduced association
to other atopic diseases.

The present study includes two samples of school chil-
dren aged 6–16 yrs. The first sample was drawn from
Oslo schools in 1981 [10], and the second from the same
sampling frame in 1994.

The main objective was to compare secular trends in
the prevalence of physician-diagnosed asthma with trends
in respiratory symptoms. A second aim was to compare
the association between asthma and other atopic dis-
eases in 1981 and 1994.

Subjects and method

Samples

The target population was school children in the first
to ninth grade in Oslo, aged 6–16 yrs. School classes
were randomly selected from the current list of classes
belonging to the municipality of Oslo. The 1981 study



population included 1,772 children from 81 classes, rep-
resenting 59 schools situated all over Oslo [10]. 

The 1994 sample comprised 118 classes, including
2,700 children representing 65 schools. Four classes did
not participate because they were involved in other
research projects. Five classes were excluded due to a
majority of non-Norwegian ethnic groups among the
children. Four of these classes were replaced by other
classes at the same school where the majority of chil-
dren were Norwegian. The study population was based
on 113 classes, including 2,577 children, originating from
63 schools in the same geographical area as in 1981.

Variables

Questionnaires were distributed to the children at
school, brought home to the parents for completion, and
then returned to the teacher at school. The questionnaire
was based on the children's questionnaire from the
American Thoracic Society (ATS) [11], and the Medical
Research Council (MRC) 1976 questionnaire on respi-
ratory symptoms [12]. The questionnaire focused on
asthma and respiratory symptoms, and included items
about eczema and hay fever. The items defining each
measure are listed in Appendix I. The questions used
were identical in 1981 and 1994.

Statistical analysis

Lifetime and current prevalence rates were calculat-
ed. To compare prevalences, odds ratios (ORs) were esti-
mated and Chi-squared tests were used. Treating the
samples as historical cohorts, survival analyses using act-
uarial methods were conducted for 3 year birth cohorts,
to estimate the probability of remaining free from asth-
ma at different ages [13]. Cox regression was used in
estimating the relative risk (RR) of asthma for each
cohort [13]. In order to include the few children who
were 6 and 16 yrs old in the samples, the youngest and

oldest birth cohorts span 4 yrs. The length of follow-up
is reflected in the age of the children when the survey
was conducted. Logistic regression was used to estimate
the association between asthma and other atopic dis-
eases. The data from 1981 were recoded and reanalysed
using the same methods as in 1994, which resulted in
minor differences from data published previously [10].
A high proportion of missing values occurred for the
following items in 1981: asthma (9%), eczema (16%)
and hay fever (18%). In contrast, there were few mis-
sing data for these items in 1994: asthma (0.5%), hay
fever (0.5%) and eczema (<0.5%). Missing data were
excluded. All data were analysed using the Statistical
Products and Service Solutions package (SPSS) for
Windows (Release 6.0). A p-value of less than 0.05 was
considered statistically significant.

Results

The response rates were 94% (1,674 out of 1,772) in
1981 and 85% (2,188 out of 2,577) in 1994. The mean
age was 11.0 yrs (SD, 2.6) in 1981 and 10.6 yrs (SD 2.4)
in 1994, and the proportion of boys was 50% (841 out
of 1674) in 1981 and 52% (1,128 out of 2,188) in 1994.

Asthma 

From 1981 to 1994, the lifetime prevalence of physi-
cian-diagnosed asthma increased from 3.4 to 9.3%. As
seen in table 1, the OR for lifetime asthma in 1994 com-
pared to 1981 was 2.9 (95% confidence interval (95%
CI) 2.1–4.0). The male/female gender ratio for lifetime
prevalence of asthma was 2.0 in 1981 and 1.4 in 1994,
and for current asthma 3.5 and 1.6, respectively (not
tabulated). The use of asthma drugs increased from 1.1
to 4.7%; OR 3.9 (95% CI 2.3–6.6).

The 1981 study population was divided into three
cohorts based on the following birth years: 1964–1967,
1968–1970 and 1971–1974. The 1994 study populat-
ion was divided into three cohorts as follows: 1978–
1981, 1982–1984 and 1985–1988. The probability of not
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Table 1.  –  Lifetime prevalence of physician-diagnosed asthma and prevalence of current asthma and
respiratory symptoms, such as attacks of breathlessness and wheezing caused by exposure to pollen,
animals and physical activity in school children in 1981 and 1994, with odds ratios (ORs) comparing
1994 to 1981

1981 1994
Sample Symptoms Sample Symptoms OR 95% CI

n % n %

Lifetime prevalence of 1529 3.4 2179 9.3 2.9 (2.1–4.0)
asthma
Current asthma 1529 1.6 2179 5.5 3.3 (2.1–5.1)
Use of asthma drugs 1529 1.1 2179 4.7 3.9 (2.3–6.6)
Occasional wheezing 1611 9.0 2167 10.8 1.2 (1.0–1.5)
Attacks of wheezing 1636 3.7 2175 6.8 1.8 (1.3–2.5)
Occasional wheezing and attacks 1611 2.2 2164 4.2 2.0 (1.4–3.1)
Wheezing on exposure
to pollen 1573 4.8 2096 7.3 1.5 (1.2–2.0)
Wheezing on exposure
to animals 1568 3.3 2064 4.4 1.3 (0.9–1.9)
Wheezing caused by 
physical activity 1579 5.8 2102 11.2 2.0 (1.6–2.6)

95% CI: 95% confidence interval. 



having received a diagnosis of asthma at different ages
in these cohorts are presented in figure 1. The risk of
asthma increased for each cohort compared to the ref-
erence group (1964–1967 cohort). The RRs increased
from 1.8 (95% CI 0.9–3.8) for children born 1968–1970
to 6.4 (95% CI 3.5–11.7) for children born 1985–1988.
The RR was 2.5 (95% CI 1.2–5.2) for children born
1971–1974, 2.1 (95% CI 1.1–4.0) for children born
1978–1981, and 4.4 (95% CI 2.4–8.1) for children born
1982–1984. Figure 1 shows that asthma is more readi-
ly diagnosed before 2 yrs of age and continuously through-
out childhood in the latest cohort.

Wheezing

As shown in table 1: the prevalence of occasional
wheezing increased from 9.0% in 1981 to 10.8% in
1994, OR 1.2 (95% CI 1.0–1.5 ); attacks of wheezing
during the last 3 yrs increased from 3.7 to 6.8%, OR 1.8
(95% CI 1.3–2.5); and the combination of occasional
wheezing and attacks of wheezing increased almost
twofold, OR 2.0 (95% CI 1.4–3.1). Physical activity was
the factor most commonly reported to provoke wheez-
ing, with an increased prevalence from 5.8% in 1981 to
11.2% in 1994, OR 2.0 (95% CI 1.6–2.6). 

The proportion of children with occasional wheezing
who were diagnosed with current asthma was 17% (25
out of 144) in 1981 and 39% (91 out of 234) in 1994
(p<0.001). The prevalence of current asthma among
subjects reporting attacks of wheezing was 33% (20 out
of 61) in 1981 and 49% (73 out of 148) in 1994 (p=0.03).
The prevalence of occasional wheezing in children with
current asthma was 93% (25 out of 27) in 1981 versus
79% (95 out of 120) in 1994, and did not differ signifi-
cantly (p=0.1). Similar results were found for attacks of
wheezing, 74% (20 out of 27) in 1981 compared to 61%
(73 out of 120) in 1994 (p=0.3). Among nonasthmat-
ics, 8% (119 out of 1,504) reported wheezing in 1981
versus 3% (65 out of 2,088) in 1994 (p<0.001) (not tab-
ulated).

Other atopic diseases

The lifetime prevalence of eczema and hay fever, and
ORs comparing 1994 to 1981 are presented in table 2.
Eczema increased from 9.7% in 1981 to 17.1% in 1994,
OR 1.9 ( 95% CI 1.6–2.4), and hay fever from 6.6 to
7.8%, OR 1.2 (95% CI 1.0–1.6). In contrast, the preva-
lence of hay fever among children with asthma decreased
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Table 3.  –  Odds ratios (ORs) for lifetime physician-
diagnosed asthma according to gender, age, presence
of eczema and hay fever in 1981 and 1994

Asthma Sample COR AOR
Yes No (95% CI) (95% CI)
% % n

1981
Gender

Girl 2 98 766 1.0 1.0
Boy 4 96 763 2.0 (1.1–3.6) 1.8 (0.9–3.7)

Age
7–9 yrs 4 96 499 1.0 1.0
10–12 yrs 4 96 506 0.9 (0.4–1.8) 0.8 (0.4–1.9)
13–15 yrs 3 97 518 0.7 (0.3–1.4) 0.5 (0.2–1.3)

Eczema
No 2 98 1203 1.0 1.0
Yes 12 88 127 5.6 (2.8–11.3) 2.8 (1.1–7.2)

Hay fever
No 2 98 1219 1.0 1.0
Yes 14 86 86 7.2 (3.3–15.5) 6.6 (2.6–16.4)

1994
Gender

Girl 8 92 1056 1.0 1.0
Boy 11 89 1123 1.4 (1.1–1.9) 1.4 (1.1–1.9)

Age
7–9 yrs 11 89 786 1.0 1.0
10–12 yrs 9 91 845 0.9 (0.6–1.2) 0.9 (0.6–1.2)
13–15 yrs 7 93 549 0.6 (0.4–0.9) 0.6 (0.4–0.9)

Eczema
No 8 92 1807 1.0 1.0
Yes 16 84 373 2.5 (1.8–3.5) 2.0 (1.4–2.8)

Hay fever
No 8 92 2010 1.0 1.0
Yes 18 81 170 2.7 (1.7–4.2) 1.9 (1.3–3.0)

COR: crude odds ratio; AOR: adjusted odds ratio; 95% CI:
95% confidence interval.
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Fig. 1.  –  The probability of not being diagnosed with asthma at any
age (0–16 yrs) for six different cohorts of children;        :1964–1967
(n=518); :1968–1970 (n=505); – - – :1971–1974 (n=498);       :
1978–1981 (n=549); ------- :1982–1984 (n=845);       : 1985–1988
(n=786).

Table 2.  –  Lifetime prevalence of eczema and hay
fever in boys and girls in 1981 and 1994, and odds ratios
(ORs) comparing 1994 to 1981

1981 1994
Sample Sym Sample Sym OR 95% CI

n % n %

Boys
Eczema 696 9.2 1128 15.4 1.8 (1.3–2.5)
Hay fever 683 7.3 1128 9.9 1.4 (1.0–2.0)
Girls
Eczema 703 10.2 1059 18.9 2.0 (1.5–2.8)
Hay fever 690 5.9 1059 5.5 0.9 (0.6–1.4)
Total
Eczema 1399 9.7 2187 17.1 1.9 (1.6–2.4)
Hay fever 1373 6.6 2187 7.8 1.2 (1.0–1.6)

95% CI: 95% confidence interval; Sym: symptoms.



from 30.8% in 1981 to 15.3% in 1994, OR 2.5 (95%
CI 1.2–5.5) comparing 1981 to 1994, while the preva-
lence of eczema among asthmatics did not change sig-
nificantly comparing the two surveys: 1981 34.9% and
1994 29.2%, OR 1.3 (95% CI 0.7–2.6) (not tabulated).

Multivariate analysis

The ORs for asthma by gender, age and presence of
hay fever and eczema are presented in table 3. The asso-
ciation between asthma and hay fever decreased from
an AOR of 6.6 (95% CI 2.6–16.4) in 1981 to 1.9 (95%
CI 1.3–3.0) in 1994, while the association between asth-
ma and eczema was an AOR of 2.8 (95% CI 1.1–7.2)
in 1981 and 2.0 (95% CI 1.4–2.8) in 1994 (table 3).

Exclusion of the few non-Norwegian children in 1994
(n=274) did not influence the main trends of the results.
Compared with Norwegians, non-Norwegians tended to
report less asthma, respiratory symptoms and other
atopic diseases: asthma 6.6% (18 out of 273), occasional
wheezing 7.4% (20 out of 271), eczema 10.6% (29 out
of 274), hay fever 4.4% (12 out of 274).

Discussion

The present study of two cross-sectional samples 13
yrs apart showed a larger increase in physician-diagno-
sed asthma than respiratory symptoms. Asthma was more
readily diagnosed before 2 years of age and through
childhood in the latest birth cohorts in the 1994 sam-
ple. The degree of association between asthma and other
atopic diseases decreased from the first to the second
survey.

Before discussing the implications of the findings,
several methodological aspects need to be considered.
Due to a moderate-to-high response rate, selection bias
is unlikely. The nonrespondents in 1994 represent a few
children in several classes situated all over Oslo. Subjects
with respiratory symptoms tend to be early respondents
[14]. If the 10% difference in response rate represent-
ed subjects without asthma and respiratory symptoms,
it would result in an approximately 1% decrease in the
prevalence of physician-diagnosed asthma and respira-
tory symptoms in 1994. Others have not reported any
difference in the prevalence of asthma between the res-
ponses to questionnaires in groups of late respondents
and early respondents [8].

The difference between the two samples in the pro-
portion of incomplete questionnaires in 1981 and 1994
may influence the results. The questionnaires were more
extensively completed in 1994 than 1981. This suggests
an increased awareness of asthma, wheezing and other
atopic diseases from the first to the second survey.

The finding of a larger increase in diagnosed asthma
than in occasional wheezing may be influenced by non-
illness related factors. The lower prevalence of diag-
nosed asthma compared to wheezing in 1981 suggests
underdiagnosis in that period. This suggestion is sup-
ported by a larger proportion of children with occasional
wheeze and attacks of wheezing who have received a
diagnosis of current asthma in 1994, and by a reduction
in the prevalence of wheezing among nonasthmatics
from 1981 to 1994. The findings are consistent with an

improvement in diagnosis of asthma from the first to
the second survey.

The present study shows, in agreement with other
repeated cross-sectional studies, a smaller relative in-
crease in wheezing than in asthma [2–4, 15]. There is
a tendency for studies from the UK with the earliest
baseline year, (<1975) [2, 3, 16] to report a larger rela-
tive increase in wheezing than those with later baseline
years of study, (>1980) [4, 15]. As in the present study,
the prevalence ratio between asthma and wheezing is
close to one in the study with the latest baseline year
(1985) of study [15]. ANDERSON [17] suggested that the
increase in asthma reached a plateau in the mid-1980s
[17]. A study performed in 1994 suggested, however,
that the prevalence of childhood wheeze was still increas-
ing, at least in Aberdeen [8]. These studies are, how-
ever, all based on questionnaires, where it is uncertain
to what extent the changes represent a true increase in
asthma, increased awareness, or diagnostic transfer.

Few studies have included objectively measured asth-
ma-related parameters. In an Australian study, the incre-
ase in bronchial hyperresponsiveness occurred only in
atopic subjects, and there was no increase in atopy as
measured by skin-prick test [5]. BURR et al. [3] repor-
ted an increase in exercise-induced bronchoconstriction
(EIB) using free running, which was not standardized
concerning exercise intensity. Increased EIB in asymp-
tomatic children may also not be a strong predictor for
subsequent development of symptomatic asthma [18].
Thus, these few reports of repeated objective measure-
ments are inconsistent.

The present study is consistent with other studies in
showing that physical activity is an important provok-
ing factor for wheezing [3, 4, 6]. An objective test of
EIB is recognized by others as a specific measure of
asthma [19, 20]. Thus, an increase in exercise induced
wheezing may suggest a real increase in asthma mor-
bidity if the exposure is equally common over time.

Of particular interest is the finding of a cohort effect in
diagnosing asthma. Children in the two latest birth cohorts
(1982–1984 and 1985–1988) were more readily given
the diagnosis of asthma at an early age and throughout
childhood. During the same period, the definition of
asthma has changed in Norway [21]. In general, con-
cerns arise regarding the validity and reliability with the
use of retrospective parental reports. The purpose of this
study was to compare two similar samples of school child-
ren, and the issues of recall bias that are more pertinent
here are whether factors differentially affect parental
reports, firstly, between samples, and, secondly, between
cohorts. There is no a priori reason to believe that
parental reporting per se would vary between samples.
A recall bias within samples would occur if the parents
of the oldest children had forgotten some of their asthma
events. The classification of disease in this study was
not based on an operational definition of symptoms, but
rather on physician-diagnosed asthma. This is remark-
ably specific, in that people who claim to have a cer-
tain lung disease nearly always seem to have it [22].

The finding of a reduction in the association between
asthma and other atopic diseases in 1994 compared with
1981 is consistent with changes in diagnostic criteria.
The diagnosis of asthma in the latter period may be
influenced by factors other than atopic conditions of the
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child. In contrast with OMRAN and RUSSEL [8], we do
not suggest that the explanation for the increasing
prevalence of asthma is explained by the increasing
prevalence of other atopic disorders. The small increase
in hay fever in the present study is consistent with the
suggestion that the increase in asthma is not explained
by an increase in atopy alone. The finding that the preva-
lence of hay fever decreased in children with asthma
from 1981 to 1994 supports this hypothesis. In addition,
the male/female gender ratio in 1981 was more similar
to that for atopy shown in other studies [23]. Our find-
ings do not exclude that there may have been a sepa-
rate increase in bronchial hyperresponsiveness in the
general population.

The children in the 1981 sample were born between
1964 and 1974, whilst those in the second sample were
born from 1978 to 1988. In 1960, the ATS recommen-
ded a clinical definition of asthma, stating that the host
defect associated with asthma is related to altered imm-
unological response as in atopy [24]. In order to include
and treat children with respiratory disorders, the defini-
tion of infantile asthma was extended to include episodes
of wheezing in 1975 [25], and in 1981 it was proposed
that any infant with recurrent episodes of wheezing,
three or more attacks, should be considered as having
asthma, regardless of age of onset, evidence of atopy,
apparent precipitating cause of wheeze, or frequency of
the wheeze [7]. In Norway, the definition of asthma as
three or more episodes of bronchial obstruction was used
for childhood asthma from the early 1980s [21]. The
change in diagnostic criteria was supported by the focus
on underdiagnosis and undertreatment of childhood ast-
hma that took place during the 1980s [26]. The asthma
population probably consists of different subgroups [27].
In the present study, there is a decrease in the propor-
tion of asthmatic subjects reporting asthma together with
other atopic diseases.

If the increase in the prevalence of physician-diagno-
sed asthma reflects a true increase in asthma morbidity
alone, possible causes remain a question of speculation.
This study was not designed to elucidate factors that may
cause changes.

In conclusion, an increase in diagnosed asthma and
respiratory symptoms supports a true increase in asth-
ma. However, a disproportionate increase in diagnosed
asthma and respiratory symptoms supported by a reduced
association between asthma and other atopic diseases
suggests that the increase in asthma may be explained,
in part, by changes in diagnostic criteria.

Appendix I

The outcomes were defined as follows:

Lifetime prevalence of asthma. "Has the child been treat-
ed by a doctor or admitted to hospital for asthma?"
If "Yes", "Age of onset?"

Current asthma. "Does the child still have asthma?"
If "No", "Age where the informant was free from asth-
ma?"

Use of asthma drugs. "Does the child currently take
medicine for asthma?"

Occasional wheezing. "Does the child's chest ever sound
whistly?" 

Attacks of wheezing. "During the last 3 yrs, has the child
had an attack of wheezing at rest without having a cold?"

Current wheezing caused by exposure to pollen, ani-
mals and physical activity. "Do any of the following
cause whistling in the chest or wheezing:
a) newly cut grass, flowers or trees?
b) animals?
c) running or other physical activities?"

Other diseases associated with atopy. "Has the child
been treated by a doctor or admitted to hospital because
of: a) eczema? b) hay fever?"
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