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Asthma in every fifth child in Oslo, Norway: a 10-year follow up of

a birth cohort study*

Background: The western world’s increase in childhood asthma is suggested to
level off. We aimed to investigate asthma prevalence in 10-year-old children
within the prospective birth cohort Environment and Childhood Asthma (ECA)
Study in Oslo established in 1992/1993.

Subjects and methods: Six hundred and sixteen (77%) of 803 children (mean age
10.9 £ 0.9 (SD) years) with lung function measurements at birth were rein-
vestigated at age 10 years. At birth they corresponded to the entire birth cohort
(n = 3754) regarding gender, socio-demographic factors, parental allergic dis-
eases, pet keeping and maternal smoking. Results from structured parental
interview, spirometry, and skin prick test for inhalant and food allergens are
presented. Asthma definition required minimum two positive criteria, (i) doctor’s
diagnosis of asthma, (ii) wheeze and/or chest tightness, (iii) use of anti-asthmatic
treatment. Current asthma required asthma definition plus either (ii) and/or (iii)
in the last 12 months, and/or 210% fall in forced expired volume in 1 s after
treadmill running.

Results: Lifetime prevalence of asthma was 20.2%; current asthma 11.1%,
doctor diagnosis of asthma 16.1% and wheezes ever 30.3%. Allergic sensitiza-
tion (29.3% overall) was more common among children with current (56.3%)
compared to asymptomatic (last 12 months) (26.0%) or no asthma (27.6%)

(P < 0.001). Boys more often than girls had current asthma (14.4 vs 7.1%,

P = 0.004), wheeze ever (36.9 vs 22.5%, P = 0.002) and allergic sensitization
(36.2 vs 22.1%, respectively, P < 0.001).

Conclusion: Childhood asthma apparently continues to increase in Oslo, having
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Recent reports (1, 2) suggest a levelling off in childhood
asthma prevalence in some European countries, after
several decades with an increase of asthma observed in
the Western world (3, 4), including Norway (5, 6). Some
studies, on the other hand, have found continuous
increases, such as for the periods from 1986 to 2001 in
7 to 17-year-old Danish children (7) and 1992-1999
among 5 to 14-year-old German children (8), respectively.

Prevalence rates of asthma vary greatly, with the
highest rates reported in English speaking countries and
lower levels in other Northern European countries (9). In
the mid-1990s doctor diagnosed asthma was reported in
approximately 20% of British children (9), compared to
8-9% of Norwegian school children (5, 6, 10, 11), 5.1%
in Russian children bordering to Scandinavia (12), and as
low as 4-7% in Finland (13). “‘Wheeze ever’ on the other

*The study is performed within the ORAACLE (the Oslo Research
Group of Asthma and Allergy in Childhood; the Lung and Envi-
ronment), which is part of the Ga2len network.

hand, was reported in 49% of children in Great Britain
(14), but only in approximately 11% in Oslo, the capital
of Norway (5, 6) and 13-20% in Finland (10). Thus,
previously reported childhood prevalence of diagnosed
asthma and asthma symptoms were substantially lower in
the Scandinavian countries compared to Great Britain.
The use of standardized International Study of Asthma
and Allergy in Childhood (ISAAC) questionnaires (15) in
many cross-sectional studies including the Norwegian
(12), Finnish (10) and British (14), has improved the
comparison of prevalence rates. However, the consis-
tently higher prevalence rates of ‘wheeze’ in English
speaking countries has questioned the validity of trans-
lating the word ‘wheeze’ as a valid symptom of asthma in
other countries (10). The concern has been supported by
lower asthma symptom reports on ISAAC video com-
pared to questionnaire data. Thus, objective measure-
ments added to questionnaires are likely to reflect a more
‘true’ prevalence data. Combining cross-sectional surveys
and prospective studies, which is possible in large birth
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cohorts may further improve the quality of the study, and
may unravel possible causes of the observed increases in
asthma and allergic diseases.

The primary aim of the present study was to assess the
prevalence of asthma among 10-year-old children in a
general urban population within the frame of a birth
cohort study.

Subjects and methods
Study design

The present study is a 10-year follow up of the ‘Environment and
Childhood Asthma’ (ECA) study in Oslo, described elsewhere (16).
Briefly, a cohort of 3754 children was established at birth in Oslo
during 15 months from January 1, 1992. Inclusion criteria were:
birth-weight >2000 g, absence of illness likely to impair respiration
(severe respiratory, cardiovascular, neuromuscular or metabolic
disease) and no requirement for assisted ventilation or oxygen
therapy beyond 6 h after birth. Exclusion criteria were: plans to
move out of Oslo within 6 months and insufficient language skills.
Written informed consent was obtained from parents of all subjects,
and the study was approved by the regional medical ethics com-
mittee and the Norwegian Data Directorate.

Questionnaires including information on the child’s health and
diseases with specific questions related to infectious diseases, family
history of disease, socio-economic factors and environmental
exposures from birth up to the child’s second birthday were com-
pleted by the parents every 6 months.

Lung function was measured in 803 children at birth (17) (mean
age 2.7 days) by tidal flow-volume loops (n = 802) and respiratory
mechanics (by the passive occlusion technique) (n = 664).

A nested case-control study was established to perform detailed
examinations of children with recurrent (>1) or persistent
(>4 weeks) doctor confirmed bronchial obstruction (rBO)
(n = 306) and age-matched controls (n = 306) (the child without
lower respiratory illness born closest in time to the case) (18). All
children with suspected bronchial obstruction (BO) from ques-
tionnaire reports or from direct contact with parents or doctors/
health care personnel in Oslo, were investigated by a study doctor,
and a panel of experienced paediatricians determined if case-control
study inclusion criteria were met. Two clinical investigations be-
tween 0 and 2 years were performed, with at least one investigation
in 562 (91.8%) children. The attendance rate at the 2-year visit was
84% (n = 516), equally distributed between cases and controls.

The 10-year follow-up study between September 2001 and July
2004 included detailed parental structured interview, blood tests,
skin prick tests (SPT) for allergic sensitization, spirometry, meta-
choline challenge test, exhaled nitric oxide, urine sampling and
clinical examinations on day 1, and an exercise test by treadmill
running within 1 week. Dust samples were collected by parents from
the child’s mattresses by vacuum-cleaner filters in a standardized
manner. Of the 1215 children with lung function measured at birth
(n = 803) and/or a clinical investigation by 2 years of age, 1019
(84%) attended the follow-up study (Fig. 1).

Results from the structured interview, spirometry, treadmill test
and SPT are reported in the present study.

Subjects

The present study comprises the 616 children with lung function
measurements at birth (332 boys, 284 girls), mean age (£) 10.9 (0.9)
years (Table 1), who attended the 10-year examination (77%
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Figure 1. Flow chart of children in the birth cohort study; the
‘Environment and Childhood Asthma Study in Oslo.” The
overall attendance rate for the 10-year follow up was 1019/1215
(84%), with the respective rates being 76% of children with lung
function at birth, 91% of children with lung function at birth
who were included in the nested case-control study and 85% of
children in the nested case-control study who did not have lung
function measured at birth.

attendance rate) (Fig. 1). The included children were representative
of the entire birth cohort (n = 3754) as there were no significant
differences at birth with respect to gender, parental age, parental
asthma, eczema or rhinoconjunctivitis, maternal smoking during
pregnancy, pet keeping, parental education, paternal employment
rate, family income or number of siblings (Table 2).

Methods

Parental structured interview included central ISAAC questions
related to airways symptoms (validated in Norwegian language
(12)) of the child, in addition to detailed questions regarding
environmental exposure, life-style and diseases (index child and
family). The two clinical examinations were performed 2-7 days
apart, at least 4 weeks after any suspicion of respiratory tract
infection.

Forced expiratory flow volume loops were measured according to
European standard (19) (reference values of Zapletal (20)) on a
SensorMedics Vmax 20c (SensorMedics Diagnostics, Yorba Linda,
CA, USA) on four occasions, prior to metacholine and exercise
challenge tests and after salbutamol given at the end of challenge
tests, respectively (on separate days). The reported values were the
best baseline values obtained before challenge testing.

A standardized exercise test (21) was performed on the second
day (after withholding short and long acting -2 agonists for at least
12 and 48 h, respectively and leukotrine antagonists for 72 h), by a
6-8 min treadmill run, of which the last 4 min at 95% maximal
pulse rate on a 5% incline, with a 20 min observation time after
running, followed by nebulized 0.1 ml per 10 kg bodyweight of a
5 mg/ml solution of salbutamol. FEV1 was measured 15 min
thereafter. The exercise test was considered positive with a fall in
FEVI1 210% of baseline FEV1 3-20 min after running ceased.

Skin prick tests to common inhalant and food allergens were
performed in 608 of the children with Soluprick® allergens (ALK
Albello, Denmark), and sensitization considered positive with a



Table 1. Demography at birth of the 616 children with completed structured
interview and clinical examination at the 10-year follow-up study compared to the
remainder of the birth cohort (n = 3138). There were no significant differences (all
P>0.1)

Included Nonincluded

Gender (% boys) 53.7 509
Parental asthma (%) 12.1 12.2
Parental rhinoconjunctivitis (%) 299 272
Parental atopic eczema (%) 28.0 313
Maternal smoking in pregnancy (%)

No 75.3 75.6

Occasionally 95 92

Daily 15.2 15.2
Number of siblings (mean + SD) 0.56 + 0.68 0.56 + 0.73
Dog in the house (%) 9.1 92
Cat in the house (%) 7.0 16
Paternal employment (yes) 92.3 92.0
Family gross income (category) 376 373
Maternal year of birth (median [SD]) 1962 (26) 1962 (29)
Paternal year of birth (median [SD]) 1960 (35) 1960 (41)
Maternal education 437 443
Paternal education 452 457
Years parents have lived 53+£35 53 +37

together (mean + SD)

Parental allergic diseases are reported as the present of disease in mother, father or
both.

Family income is given in five categories; from 1; <1 00 000 NOK, to 5: >5 00 000
NOK.

Parental education is given in six categories from 1: maximum 9 years elementary
school, to 6: university degree.

Table 2. Demography of children at the 10-year follow up in the Environment and
Childhood Asthma Study in Oslo

Girls Boys All P-value
Age (mean + SD) 109+09 109+08 109=+045 n.s.
Parental rhinoconjunctivits (%) 48.8 48.0 48.4 n.s
Parental asthma (%) 17.3 13.3 15.1 n.s.

Number of siblings 132+118 123+079 127+099 ns.

The P value describes statistical significance of gender related differences.
P> 0.1 is given as not significant (n.s.).
Parental refers to one or both of the parents.

wheal diameter 23 mm larger than the negative control (NaCl). The
following allergens were used: Domestic mites (Dermatophagoides
(D.) pteronnysinus and D. farinae), german cockroach, dog, cat and
rabbit dander, birch, timothy (grass) and mugwort pollens, moulds
(Cladosporium herbarium and Alternaria alternata), egg white, milk,
peanut and codfish.

Outcomes

Asthma was defined by at least two of the following three criteria
being fulfilled:

1. Dyspnoea, chest tightness and/or wheezing 0-3 and/or 4-
10 years.
2. Doctor’s diagnosis of asthma.

Asthma in every fifth child in Oslo, Norway

3. Use of asthma medication (B3-2 agonsist, sodium chromogly-
cate, corticosteroids, leukotriene antagonists and/or amin-
ophylline) 0-3 and/or 4-10 years.

Current asthma was defined as asthma (by definition above) plus at
least one of the following:

1. Dyspnoea, chest tightness and/or wheezing during the last
12 montbhs.

2. Use of asthma medication (B-2 agonist, sodium chromoglycate,
corticosteroids, leukotriene antagonists and/or aminophylline)
during the last 12 months.

3. Positive exercise test.

Wheeze ever was defined by a positive response to the questions
‘Has your child experienced dyspnoea, chest tightness and/or
wheezing during the age periods 0-3 and/or 4-10 years?’

Statistical analyses and data validation

Statistical analyses were performed with Statistical Package for
Social Sciences Version 12.0 (SPSS, Chicago, IL, USA).

Data are presented as mean with 95% confidence intervals (c.i.)
for comparison of continuous data. Student’s 7-test or ANOVA tests
were used for comparing two or multiple groups, respectively.
Categorical variables were compared by Pearson’s chi-square test.
Statistical significance was assumed at a 5% level.

A logistic regression analysis was performed to establish possible
predictors for asthma at age 10 years with results presented as OR
with 95% c.i. after assessing goodness of fit. The variables included
were: gender, allergic sensitization as well as parental history of
allergic disease (asthma and/or rhinoconjunctivitis).

Misclassification was assessed by comparing information reported
at 10 years of symptoms (wheeze/chest tightness) and use of gluco-
corticosteroids for 0-3 and 4-10 years with 6-monthly detailed
questionnaires from birth to 2 years. We identified four children who
at 10 years had reported no use of inhaled steroids 03 years, but with
corroborative questionnaire data confirming use of inhaled steroids
between 18 and 24 months of age. Two of the children had asthma by
definition at 10 years and use of inhaled steroids reported for 4—
10 years, the other two had no longer wheeze after 3 years of age.
Thus, reported use of medication and symptoms were largely accurate.

Results
Asthma

Lifetime prevalence of asthma was 20.2%, current
asthma prevalence was 11.1%, doctor diagnosis of
asthma was reported in 16.1% and wheeze ever in
30.6% of the children (Fig. 2).

Boys more often than girls had current asthma (14.4 vs
7.1%, respectively, P = 0.008) and wheeze ever (36.9 vs
22.5%, respectively, P = 0.002) (Fig. 2), but with no
statistically significant gender differences with respect to
asthma (as defined) (229 vs 17.0%, respectively,
P = 0.086) or doctor’s diagnosis of asthma (P = 0.117).

Wheeze throughout the age strata was reported in 12.6%
of children whereas similar numbers of children wheezed
only during 0-3 years (8.8%) or 4-10 years (9.2%),
respectively (Fig. 3). Of the 131 children (21.4%) who
wheezed during 0-3 years of age, 41.2% reported no later
wheeze.
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Figure 2. Prevalence of wheeze ever, asthma (minimum two of
three criteria), doctor’s diagnosis of asthma and current asthma
(for definitions see Subjects and methods above) in 616 10-year-
old children (53.7% boys) in Oslo. Doctor d. asthma refers to
doctor diagnosis of asthma.
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Figure 3. Reported wheeze (by structured parental interview),
from O to 10 years at the 10-year follow-up assessment
(n = 616) in a birth cohort population. Wheeze ever was
reported significantly more often in boys (P = 0.002).

A family history (parents) of asthma and/or rhinocon-
junctivitis was significantly more common among chil-
dren with current asthma (67.2%) compared to
asymptomatic (last 12 months) asthma (49.1%) and
children without asthma (49.6%) (P = 0.024). The effect
was mainly due to parental asthma (29.9% with current
asthma, 12.3% with asymptomatic asthma and 13.5%
with no asthma, P = 0.002). However among children
with a negative family history of asthma/rhinoconjuncti-
vitis, 9.7% had asthma and 7.4% had current asthma
compared to 8.9 and 14.2%, respectively among children
with a positive family history (P = 0.024).

Allergic sensitization by SPT

At least one positive SPT was found among 29.3%
(n = 178) of the children, significantly more often among
children with current asthma (56.1%) compared to
asthma without current symptoms (26.8%) and no
asthma (26.0%) (P < 0.001) (Fig. 4A). Children who
wheezed during 4-10 years of age were more often
sensitized than children who had never wheezed or
wheezed only during 0-3 years of age (P < 0.001)
(Fig. 4B).

Boys more often than girls were sensitized to at least
one allergen (36.2 vs 26.1%), and this held true for
perennial (24.6 vs 10.8%), seasonal (27.7 vs 16.5%), and
food allergens (11.2 vs 3.2%), respectively (all compari-
sons P < 0.001).
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Figure 4. Differences (P < 0.001) in allergic sensitization
assessed by positive SPT (by allergen categories) according the
presence or absence of asthma (A) (top) and reported wheeze (B)
(bottom) at 10 years. HDM/CR, House dust mites (pteronyssi-
nus and/or farinae) and/or German cockroach; Moulds,
Cladosporium Herbarum and/or Alternaria Alternata; Pollens,
Birch, timothy grass and/or mugwort.



Risk of current asthma

Compared to nonsensitized girls, the risk of current
asthma increased significantly with allergic sensitization
(OR 5.0 (1.9-12.9) (95% c.i.) (P = 0.001) in girls and OR
6.5 (3.0-14.5) in sensitized boys (P < 0.001)) as well as
with male gender (OR 2.4 (1.0-5.4) in nonsensitized
(P = 0.03) boys).

A positive family history of asthma and rhinoconjunc-
tivitis increased the risk of current asthma in all children
(OR. 2.1, 1.2-3.5 (95% c.i.)), but the effect was significant
in boys only (OR 3.1, 1.6-6.2) (and OR 1.0, 0.4-2.4 in
girls).

Lung function as FEV1% predicted (mean, 95% c.i.)
was significantly reduced among children with current
asthma (95.8, 93.3-98.3) compared to asthma without
current symptoms (100.3, 97.7-102.8) and no asthma
(99.1, 98.3-100.0), P = 0.021), whereas the correspond-
ing values for FEF50% predicted were 79.0, 73.8-84.0
(current asthma), 86.7, 82.1-92.1 (asthma without current
symptoms) and 91.0, 89.4-92.7 (no asthma), respectively,
(P < 0.001 for trend).

A positive exercise test was found among 8.6%
(n = 40/466) of all children who completed the test,
significantly more often among children with (current)
asthma (36.7%) compared to no asthma (5.9%)
(P < 0.001). Among the never-wheezers 4.3% of chil-
dren had a positive exercise test.

Discussion

In 10-year-old children in the ECA a birth cohort study in
Oslo, the prevalence of asthma (ever) was 20.2%,
reported doctor’s diagnosis of asthma 16.1%, current
asthma 11.1% and wheeze ever (30.3%) in 2004. More
than one third of boys and almost one quarter of girls had
wheezed at sometime.

Allergic sensitization by SPT was found in 29.3% of all
children. More than 50% of children with current asthma
were sensitized. Boys more often than girls were sensitized
to perennial, food and seasonal allergens.

Asthma prevalence has continuously increased among
children in Norway since the first report of 0.4% in 1948
(22). Published reports from cross-sectional studies in
Norway demonstrates lifetime asthma prevalence of
1.77% in 1954 (23), 2.5% in 1978 (24), 3.1% in 1981
(25) to 8% in 1993 (5) and 9.3% in 1994 (6), respectively.
Whereas earlier studies employed different question-
naires, the three last studies (5, 6, 25) used identical
questionnaires within Oslo, and should thus be compar-
able. Similar results among school children were found
during the first part of the 1990s with asthma prevalence
in Northern Norway of 12.3% (26) and in Mid-Norway
of 10.2% (27), but lower in West Norway (5.4%) (28).
The present study indicates an almost exponential
increase in childhood asthma in Oslo since 1948, the
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prevalence more than doubling over the last 10 years up
to the present finding of 20.2%.

The previous Norwegian studies were all cross-sec-
tional and retrospective. The present study is a 10-year
follow up of a prospective birth cohort study, with
detailed information during the first 2 years and a
structured interview and clinical follow-up 8 years later.
The study design increases the level of evidence as
described by Harbour and Miller (29), and reduces the
risk of preferential recall bias and misclassification.

In the present study we chose to define asthma more
strictly than doctor’s diagnosis alone, or by question-
naire-reported wheeze. Thus, a detailed structured inter-
view and the requirement of at least two out of three
commonly used criteria reduces the risk for both over-
and under-diagnosis of asthma and improves the quality
of asthma diagnosis. A positive exercise test suggests
ongoing inflammation in the airways of children with
asthma, and this measure of bronchial hyper-responsive-
ness further strengthens the diagnosis of current asthma.
Furthermore, the presence of reduced lung function in
children with current asthma as well as asthma without
current symptoms compared to children without asthma,
increases the likelihood that our asthma definition reflects
a clinical disease state.

Increased asthma prevalence has been reported from
many different countries throughout the world, as exem-
plified by the ISAAC studies (15). The present findings
from Oslo in 2004 of wheeze ever among 30.3% among
10-year-old children brings the prevalence rate almost up
to the English level from the 1990s (15). Our findings are
supported by a recent report of repeated cross sectional
studies of asthma 15 years apart of asthma in Danish
school children, which concluded that more than a
doubling in asthma prevalence had taken place from
1983 to 2001 (7). Both ours and the referred Danish
study, however, contrast with recent reports indicating a
levelling off in childhood asthma prevalence (1, 2, 30). A
possible explanation (31) for this discrepancy is that
populations may approach ‘saturation’ level of asthma
prevalence, rendering populations with a (relatively) low
prevalence (such as those of the Scandinavian countries)
amenable to increases until such a ‘saturation’ level is
reached.

In our cohort, 12.6% of children had wheezed persist-
ently throughout childhood, whereas a similar percentage
(around 8-9%) of children wheezed during the periods
0-3 or 4-10 years only. This corresponds roughly to the
groups with persistent wheeze, early transient wheeze and
late onset wheeze described by Martinez et al. (32).

Allergic sensitization as demonstrated by a positive
SPT to at least one prevalent allergen was found in
29.3% of all children. This corresponds to previous
Scandinavian reports, where Hasselmar et al. (33) found
an asthma prevalence of 12.2% and positive SPT’s in
31.7% 12 to 13-year-old Swedish children in 1996.
Hence, our results compared to the Swedish study
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suggest that the increase in asthma prevalence in Oslo
has not been accompanied by a parallel increase in
allergic sensitization. This is in line with the Danish
findings 15 years apart (7). Only half of the Oslo
children with current asthma were sensitized to aller-
gens, which is similar to the 2001 results in the Danish
child population (7). Furthermore, similar to the find-
ings in the present study, Martinez et al. (32) reported
increased allergic sensitization only among children who
wheezed later in childhood.

Boys had significantly more often reported wheeze and
current asthma as well as allergic sensitization in the
present study. This is in line with other studies demon-
strating more frequent allergic sensitization (34) and
asthma (35) in boys than in girls, whereas the gender
difference for asthma started to reverse at approximately
10 years in the recent Danish study (7).

The relatively high proportion of parents reporting
asthma and/or rhinoconjunctivitis in the 10-year follow
up (almost 50%) is mainly due to increased reports of
rhinoconjunctivitis at the time of enrolment of the child in
the study (from 29.9 to 48.4%). However, the sensitiza-
tion rate of 29.3% among the studied children, as well as
the representativity (of the entire cohort) demonstrated
by a large number of factors at birth, renders it unlikely
that the included children are skewed towards highly
atopic families. On the other hand, the increase in
reported parental atopic disease may either reflect a high
10-year incidence, or may in part be explained by
increased awareness of disease due to participation in

References
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tion of a further increase of asthma in the generations to
come, and the present study will provide an opportunity
to address these matters.

Acknowledgments

The ECA-study was sponsored initially by the Norwegian
Research Council, and the 10-year follow up has been sponsored
by The University of Oslo, The Norwegian Foundation for Health
and Rehabilitation, The Norwegian Association for Asthma
and Allergy, the Kloster foundation, Voksentoppen BKL, the
Norwegian Research Council, Astra-Zeneca, Pharmacia and the
Hakon group.

We are indebted to all the research team involved in the follow-up
study, especially to Solveig Knutsen, Ingebjorg Coward, Jorun
Wikstrand, Trine Stensrud, and Anne Cathrine Mork Wik.

1.

Hertzen L, Haahtela T. Signs of revers-
ing trends in prevalence of asthma. Al-
lergy 2005;60:283-292.
Braun-Fahrlander C, Gassner M, Grize
L, Takken-Sahli K, Neu U, Stricker T
et al. No further increase in asthma, hay
fever and atopic sensitisation in adoles-
cents living in Switzerland. Eur Respir J
2004;23:407—413.

Burr ML, Butland BK, King S,
Vaughan-Williams E. Changes in asthma
prevalence: two surveys 15 years apart.
Arch Dis Child 1989;64:1452-1456.
Mitchell EA, Asher MI. Prevalence,
severity and medical management of
asthma in European school children in
1985 and 1991. J Paediatr Child Health
1994;30:398-402.

Skjonsberg OH, Clench-Aas J, Leegaard
J, Skarpaas 1J, Giaever P, Bartonova A
et al. Prevalence of bronchial asthma in
schoolchildren in Oslo, Norway. Com-
parison of data obtained in 1993 and
1981. Allergy 1995;50:806-810.

. Nystad W, Magnus P, Gulsvik A,

Skarpaas 1J, Carlsen KH. Changing
prevalence of asthma in school children:
evidence for diagnostic changes in asth-
ma in two surveys 13 yrs apart. Eur
Respir J 1997;10:1046-1051.

. Thomsen SF, Ulrik CS, Larsen K,

Backer V. Change in prevalence of
asthma in Danish children and adoles-
cents. Ann All Asthma Immunol
2004;92:506-511.

. Heinrich J, Hoelscher B, Frye C, Meyer

I, Wjst M, Wichmann HE. Trends in

prevalence of atopic diseases and allergic
sensitization in children in Eastern Ger-
many. Eur Respir J 2002;19:1040-1046.

. The ISAAC Study Group. Worldwide

variations in the prevalence of atopic
diseases; the International Study of
Asthma and Allergies in Childhood
(ISAAC). Lancet 1998;351:1225-1232.

10.

11.

12.

13.

Selnes A, Odland JO, Bolle R, Holt J,
Dotterud LK, Lund E. Asthma and
allergy in Russian and Norwegian
schoolchildren: results from two ques-
tionnaire-based studies in the Kola Pen-
insula, Russia, and northern Norway.
Allergy 2001;56:344-348.

Nystad W, Stensrud T, Rijcken B,
Hagen J, Magnus P, Carlsen KH.
Wheezing in school children is not
always asthma. Pediatr Allergy Immunol
1999;10:58-65.

Selnes A, Bolle R, Holt J, Lund E.
Cumulative incidence of asthma and
allergy in north-Norwegian schoolchil-
dren in 1985 and 1995. Pediatr All
Immunol 2002;10:58-63.

Pekkanen J, Remes ST, Husman T,
Lindberg M, Kajosaari M, Koivikko A
et al. Prevalence of asthma symptoms in
video and written questionnaires among
children in four regions of Finland. Eur
Respir J 1997;10:1787-1794.



14.

15.

17.

18.

19.

20.

Kaur B, Anderson HR, Austin J, Burr
M, Harkins LS, Strachan DP et al. Pre-
valence of asthma symptoms, diagnosis,
and treatment in 12-14 year old children
across Great Britain (international study
of asthma and allergies in childhood,
ISAAC UK). BMJ 1998;316:118-124.
The International Study of Asthma and
Allergies in Childhood (ISAAC) Steering
Committee. Worldwide variations in the
prevalence of asthma symptoms. Eur
Respir J 1998;12:315-335.

. Lodrup Carlsen KC. The environment

and childhood asthma (ECA) study in
Oslo: ECA-1 and ECA-2. Pediatr All
Immunol 2002;13(Suppl. 15):29-31.
Lodrup Carlsen KC, Magnus P, Carlsen
KH. Lung function by tidal breathing in
awake healthy newborn infants. Eur
Respir J 1994;7:1660-1668.

Lodrup Carlsen KC, Carlsen KH,
Nafstad P, Bakketeig L. Perinatal risk
factors for recurrent wheeze in early life.
Pediatr All Immunol 1999;10:89-95.
Quanjer PH, Tammeling GJ, Cotes JE,
Pedersen OF, Peslin R, Yernault JC.
Lung volumes and forced ventilatory
flows. Report working party standard-
ization of lung function tests, European
community for steel and coal. Official
statement of the European respiratory
society. Eur Respir J Suppl 1993;16:5—
40.

Zapletal A, Samanek M, Paul T. Lung
function in children and adolescents.
Methods, reference values. Prog Respir
Res 1987;22:113-218.

21.

22.

23.

24.

25.

26.

217.

28.

Asthma in every fifth child in Oslo, Norway

Carlsen KH, Engh G, Mork M. Exer-
cise-induced bronchoconstriction de-
pends on exercise load. Respir Med
2000;94:750-755.

Claussen O. Asthma prevalence among
school children in Norway. Nord Med
1948:37:525.

Eilertsen E. Asthmaprevalence. A
school-material from Bergen. Tidsskr
Nor Lageforen 1954;74:322-324 (in
Norwegian).

Robberstad T. Allergic diseases among
pre-school children. Tidsskr Nor Lage-
foren 1978;98:572-574 (in Norwegian).
Skarpaas 1J, Gulsvik A. Prevalence of
bronchial asthma and respiratory symp-
toms in schoolchildren in Oslo. Allergy
1985;40:295-299.

Dotterud LK, Kvammen B, Bolle R,
Falk ES. A survey of atopic diseases
among school children in Sor-Varanger
community. Possible effects of subarctic
climate and industrial pollution from
Russia. Acta Derm Venereol
1994;74:124-128.

Nja F, Roksund OD, Svidal B, Nystad
W, Carlsen KH. Asthma and allergy
among schoolchildren in a mountainous,
dry, non-polluted area in Norway.
Pediatr All Immunol 2000;11:40-48.
Nystad W, Magnus P, Roksund O,
Svidal B, Hetlevik O. The prevalence of
respiratory symptoms and asthma
among school children in three different
areas of Norway. Pediatr All Immunol
1997:8:35-40.

29

30.

31.

33.

34.

3s.

. Harbour R, Miller J. A new system for
grading recommendations in evidence
based guidelines. BMJ 2001;323:334—
336.

Robertson CF, Roberts MF, Kappers
JH. Asthma prevalence in Melbourne
schoolchildren: have we reached the
peak? Med J Aust 2004;180:273-276.
Nowak D, Suppli UC, Von Mutius E.
Asthma and atopy: has peak prevalence
been reached? Eur Respir J 2004;23:
359-360.

. Martinez FD, Wright AL, Taussig LM,
Holberg CJ, Halonen M, Morgan WJ
et al. Asthma and wheezing in the first
six years of life. N Engl J Med
1995;332:133-138.

Hesselmar B, Aberg B, Eriksson B,
Aberg N. Asthma in children: preval-
ence, treatment, and sensitization. Pedi-
atr All Immunol 2000;11:74-79.

Sears MR, Burrows B, Flannery EM,
Herbison GP, Holdaway MD. Atopy in
childhood. I. Gender and allergen rela-
ted risks for development of hay fever
and asthma. Clin Exp All 1993;23:941-
948.

Nicolai T, Pereszlenyiova-Bliznakova L,
Illi S, Reinhardt D, Von Mutius E.
Longitudinal follow-up of the changing
gender ratio in asthma from childhood
to adulthood: role of delayed manifes-
tation in girls. Pediatr All Immunol
2003;14:280-283.



