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ABSTRACT:  The objective of the present study was to assess the prevalence of
asthma and asthma-related symptoms in Finland.  We also wondered whether chronic
cough may be an indicator of occult asthma.

Prevalence and characteristics of children with doctor-diagnosed asthma and
chronic respiratory symptoms were investigated in 7–12 year old school children
from eastern Finland by using a questionnaire on respiratory symptoms.  In addi-
tion, skin-prick tests, flow-volume spirometry, and serum total immunoglobulin
E (IgE) measurements were performed in children reporting chronic respiratory
symptoms.

The parent-reported prevalence of doctor-diagnosed asthma was 4.4%, of wheez-
ing 5.4%, of attacks of shortness of breath with wheezing 4.6%, and of dry cough
at night 12%.  Children with dry cough only (n=195) had less frequent parental
asthma, self-reported allergies, daily respiratory medication, and moisture stains
or molds at home than asthmatic children (n=180), but these findings were more
frequent than among asymptomatic children (n=2,169).  The prevalence of at least
one positive skin-prick test result was 79% among the asthmatic children and 55%
among children with dry cough only.  There were no differences between the two
symptom groups in serum total IgE levels and spirometric lung functions, except
in maximal mid-expiratory flow (MMEF) values, which were significantly lower
among children with asthmatic symptoms.

The present results support the hypothesis that chronic cough may be an indi-
cator of occult asthma.  Therefore, to improve the sensitivity of respiratory ques-
tionnaires designed to detect asthma, they should also include questions on chronic
cough.  In contrast to what has been suggested previously, the prevalence of child-
hood asthma in eastern Finland was similar to the prevalences reported from other
parts of Finland and from other Western European countries.
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The data were collected within the frame-
work of the "Pollution Effects on Asthmatic
Children in Europe" (PEACE) study.  The
PEACE study is a study on effects of
short-term variations in urban air pollu-
tion on the respiratory health of children
with chronic respiratory symptoms.  The
study was funded by the EU Environ-
ment Programme Contract EV5V-CT92-
0220 (seven centres) and two additional
EU PECO contracts to allow participation
of five centres in Central and Eastern
Europe.  The Finnish, Norwegian and two
Swedish centres were funded by grants
from the respective governments.  The
study was co-ordinated by the Department
of Epidemiology and Public Health, Uni-
versity of Wageningen, The Netherlands.

Recent studies from many countries [1–4] have sug-
gested an increase in the prevalence of asthma among
children and adolescents.  In Finland, the prevalence of
asthma in children has been reported to be lower than
in many other European countries [5].  In addition, the
prevalence of doctor-diagnosed asthma has been reported
to vary among children living in different parts of
Finland.  The prevalence was lowest (0.6%) in the east-
ern parts and highest (3.3%) in the northern parts of the
country [5].  This regional difference has no satisfac-
tory explanation.  It may be, at least in part, due to dif-
ferences in diagnostic practices.

The aim of the present study was to investigate the
prevalence of doctor-diagnosed asthma, and of asthmatic
and other chronic respiratory symptoms among 7–12
year old children living in eastern Finland.  In addition,
skin-prick tests, pulmonary function measurements and

serum total immunoglobulin E (IgE) measurements
were performed among children with chronic respiratory
symptoms.

Subjects and methods

Study design

The present study was carried out in Kuopio, a town
of 80,000 inhabitants in eastern Finland.  Children in all
of the five primary schools in the centre of the town
and in all of the three primary schools in two adjacent
suburbs, Jynkkä and Petonen, were invited to enter the
study.  The study was conducted as a screening phase of
a European collaborative project "Pollution Effects on
Asthmatic Children in Europe" (PEACE).  Fourteen



study centres in 10 countries are participating in this
European collaboration [6].  Results of the collaborative
study will be published elsewhere.

In September 1993, a short screening questionnaire
was distributed to all of the 2,995 pupils of the selected
schools, to be completed by the parents.  Altogether, 2,564
(86%) of the questionnaires were returned.  Of the chil-
dren who returned the questionnaire, 2,544 were aged
7–12 yrs.  In two questionnaires, the sex of the child
was missing.  A total of 229 children reporting chronic
respiratory symptoms were asked to participate in the
main study on air pollution [6].  They were from four
schools in the centre of town and from two schools in
the suburb of Petonen.  One hundred and ninety seven
of these children (86%) agreed to participate, and they
were also characterized by measuring lung function with
a flow-volume spirometer and atopic sensitization with
skin-prick tests in November and December 1993.  After
the main study in summer 1994, the serum total IgE lev-
els were measured in 163 of these children (83%).

Questionnaire and clinical tests

The screening questionnaire was an adapted version
from two questionnaires used previously:  a World Health
Organization (WHO) questionnaire for assessing respira-
tory symptoms in children [7] and a questionnaire dev-
eloped in the University of Groningen, The Netherlands.
The latter is based on the American Thoracic Society
questionnaire for children [6, 8].  In addition, there were
questions on pets, wall-to-wall carpeting, moisture stains
or molds, smoking habits, and use of wood-burning stove
or fireplace at home, both currently and during the first
2 years of the child's life.

Skin-prick tests were performed using the ALK skin-
prick test allergen panel (ALK Laboratories, Denmark).
The allergens tested were birch, common alder, timothy
grass and mugwort pollens, and cat and dog epithelial
danders, and house dust mite (Dermatophagoides pteronys-
sinus).  Histamine hydrochloride (10 mg·mL-1) and gly-
cerol (50%) were used as positive and negative controls,
respectively.  A history was taken to ensure that no child
had taken any antihistaminic drugs within 48 h before
testing [6].  The reactions were read 15 min after the
allergen application by outlining the circumferences of
all resulting weals on the skin, and by transposing them
to a data collection sheet with transparent tape.  A mean
weal diameter of 2 mm or more was regarded as a posi-
tive result [6].  The average for the mean weal diameters
of the positive controls was 5.3 mm.  One child reacted
to the negative control, and his results were excluded
from analyses.  Additional analyses were carried out
also using a mean weal diameter of 3 mm or more as
the cut-off point.

The serum total IgE levels were determined by using
Pharmacia IgE radio-immunoassay test (RIA) (Kabi-
Pharmacia Diagnostics AB, Uppsala, Sweden).  IgE lev-
els over 320 kU·L-1 were regarded as abnormally elevated
values in this age group.

Spirometric flow-volume curves were recorded by

using a portable computerized spirometer with a heated
pneumotachograph (Medikro 909, Medikro Oy, Kuopio,
Finland).  The measurements were made according to the
recommendations of the European Respiratory Society [6,
9].  All pulmonary function tests were performed at
schools between 10.00 a.m. and 3 p.m.   Every morning
before the measurements, the spirometer was calibrated
for volume with a 3 L syringe.  The subjects were seated
and used a noseclip.  All but one child had not used beta2-
sympathomimetic, anticholinergic or corticosteroid in-
halers for at least 6 h before the measurements, and any
other inhaler 1 h and oral beta2-sympathomimetic or theo-
phylline 8 h before the measurements [6].  The largest
values of forced vital capacity (FVC), forced expiratory
volume in one second (FEV1), and peak expiratory flow
(PEF) were selected from a minimum of three valid expi-
ratory recordings.  The largest maximal mid-expiratory
flow (MMEF) was selected from a recording with the
FVC value within 5% of the largest FVC [6, 9].  All spiro-
metric results are corrected to body temperature, atmos-
pheric pressure and saturation with water vapour (BTPS).
Predicted values for Finnish children, based on sex and
height of the subjects, were obtained from SALORINNE

[10].
The study protocol was approved by the Ethics Committee

of the University of Kuopio and of the Kuopio University
Hospital.

Definitions and statistical analyses

Children with doctor-diagnosed asthma, and those who
had suffered from wheezing or attacks of shortness of
breath with wheezing during the previous 12 months,
were defined as having "asthmatic symptoms".  Child-
ren, who did not have "asthmatic symptoms", but had
suffered from dry cough at night not associated with
colds, were defined as having "dry cough only".  Any
"asthmatic symptom" and dry cough at night during the
previous 12 months constituted "chronic respiratory symp-
toms".  All other children were classified as having "no
respiratory symptoms".

Data were analysed using the statistical package SAS/
STAT® (SAS Institute Inc., Cary, NC, USA).  The Cochran-
Mantel-Haenszel test was used to examine the signi-
ficance of differences between proportions, and the
analysis of variance was used to test the significance of
differences between the means.  As there were no differ-
ences between the centre and suburbs of Kuopio in the
prevalences of different respiratory symptoms, the results
of the two areas are presented as combined.

Results

Boys had significantly (p<0.05) more doctor-diag-
nosed asthma, and during the last 12 months they more
frequently had wheezing, any asthmatic symptom, dry
cough at night and any chronic respiratory symptom than
girls (table 1).  There was no significant trend with age in
the prevalences of any of the respiratory symptoms among
either sex.
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There was a clear overlap in reporting of different asth-
matic symptoms.  Seventy percent of the children with
doctor-diagnosed asthma had suffered from wheezing,
70% from dry cough at night, and 67% from attacks of
shortness of breath with wheezing during the last 12
months.  Similarly, 76% of the children who had wheezed
during the last twelve months had also suffered from at-
tacks of shortness of breath with wheezing, 73% had had
dry cough at night and 57% reported doctor-diagnosed
asthma.  Twenty five percent of the children having dry

cough at night reported doctor-diagnosed asthma, 32%
had wheezed, and 27% had suffered from attacks of
shortness of breath.

Fifty two percent of the children with chronic respi-
ratory symptoms had dry cough as their only symptom.
The prevalences of parental asthma, reported allergies,
and daily respiratory medication were lowest among
asymptomatic children and highest among children with
asthmatic symptoms.  This was also true for moisture stains
or molds at home during the past 2 yrs, but not for pas-
sive smoking, use of a wood-burning stove, or having a
wall-to-wall carpet.  The children with chronic respiratory
symptoms currently had less pets with fur or feathers
than the children with no respiratory symptoms (table 2).

During the first 2 yrs of life, the children with asth-
matic symptoms had also had moisture stains or molds
at home (3.4%) significantly (p<0.05) more often than
the children with dry cough only (2.1%), or the asymp-
tomatic children (1.5%).  There were no significant dif-
ferences between these groups of children in exposure
to passive smoking, having a wall-to-wall carpet, use of
wood-burning stove or fireplace, having pets, or attend-
ing a day-care centre during the first 2 years of life (data
not shown).

The children with asthmatic symptoms had positive
skin-prick test results significantly (p<0.01) more often
than the children with dry cough alone.  Among all chil-
dren, boys had positive skin-prick reactions to birch,
mugwort and any pollen significantly (p<0.05) more
often than girls (table 3).

Fifteen children with asthmatic symptoms (20%) and 16
children with dry cough alone (19%) had a serum total
IgE level higher than 320 kU·L-1.  This difference was not
statistically significant.  There was also no significant
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Table 1.  –  The prevalence of doctor-diagnosed asthma
and of chronic respiratory symptoms among children aged
7–12 yrs in eastern Finland

Boys Girls All p-value*
(n=1,241) (n=1,301) (n=2,542)

% % %

Doctor-diagnosed 5.6 3.2 4.4 <0.01
asthma

Wheezing during 6.3 4.5 5.4 <0.05 
the last 12 months

Shortness of breath 5.2 4.2 4.7 NS

with wheezing,
during the last 12
months

Any of the three 8.5 5.7 7.1 <0.01
findings above

Dry cough at night, 14 11 12 <0.05
during the last 12
months

Any of the four 17 13 15 <0.05
findings above

*: difference between sexes.

Table 2.  –  Characteristics of children with no respiratory symptoms, with dry cough only, and with
asthmatic symptoms

No symptoms Dry cough only Asthmatic p-value†

symptoms
(n=2,169) (n=195) (n=180)

% % %

Boys 48 51 59

Parental asthma 6.7 14 21 <0.001

Parent-reported allergies to:
Pollen 13 43 75 <0.001
Pets 7.2 29 69 <0.001
House dust 2.1 13 43 <0.001
Other 13 30 53 <0.001

Daily respiratory medication 0.5 3.1 40 <0.001

Chest illness in infancy* 6.6 20 27 <0.001

Pet with fur or feathers 42 31 18 <0.001

Moisture stain or molds 4.0 8.2 9.6 <0.001

Smoking inside at home 9.4 11 5.6 NS

Wood-burning stove or fireplace 36 34 33 NS

Wall-to-wall carpet 2.7 1.6 2.2 NS

*: serious chest illness during the first 2 years of the child's life;  †: test of heterogeneity, adjusted for sex
and age.



difference with regard to sex or presence of a positive skin-
prick reaction.

Among the children with asthmatic symptoms, the
mean (SD) values of the spirometric lung function para-
meters were: FVC 2.40 (0.55) L, FEV1 2.01(0.44) L,
PEF 4.13 (1.10) L·s-1 and MMEF 2.24 (0.65) L·s-1.  The
respective values among the children with dry cough only
were 2.33 (0.61) L, 2.02 (0.49) L, 4.15 (1.05) L·s-1 and
2.44 (0.70) L·s-1.  As percentage predicted, the MMEF
values of the children with asthmatic symptoms were sig-
nificantly (p<0.05) smaller than those of the children with
dry cough only.  Boys had significantly (p<0.001) larger
FVC values than girls, but girls had significantly (p<0.01)
larger PEF and MMEF values than boys (table 3).

Discussion

In the present study, we have found that the lifetime
prevalence of doctor-diagnosed asthma was 4.4%, which is
clearly higher than the prevalence reported in the 1980s
among 3–8 year old children in the same area (0.6%),
and in northern (3.3%) and southern Finland (2.1%) [5].
In the study of PÖYSÄ et al. [5] (1991), the prevalence in-
cluded children who had both doctor-diagnosed asthma
and clinical symptoms during the previous year.  In south-
eastern Finland, a prevalence of 4.2% was reported among
708 adolescents aged 15–17 yrs in the late 1970s [11].
The prevalence of doctor-diagnosed asthma was 1.0% in

1979 and 2.8% in 1991 among a representative sample
of Finnish children aged 12–18 yrs [12].  These differences
in prevalences may be due to different formulations of
the questions on asthma, but they may also, at least partly,
be caused by a true increase in the prevalence of doctor-
diagnosed asthma [1–4, 13, 14].

Our results on the prevalences of doctor-diagnosed
asthma and recent shortness of breath with wheezing
agree with a recent Dutch study among children aged
6–12 yrs.  In the study by BRUNEKREEF et al. [8] (1992),
the same questions were used, and the prevalence of
doctor-diagnosed asthma was 4.0% and of shortness of
breath with wheezing 5.9%, compared to 4.4% and
4.6% in the present study.  Higher prevalences of doctor-
diagnosed asthma have been reported among school
children and adolescents in many other countries: 6.8%
in Sweden [15], 7.2–9.3% in Germany [16, 17], 12% in
England [18], 10.2% in Scotland [2], 8.0–16.8% in New
Zealand [19, 20], and 8.3% in Australia [21].  A recent
review reported that the prevalence of childhood asthma
varies between 3.1 and 18% in different parts of Europe [22].
However, a comparison of prevalences reported in dif-
ferent studies is difficult, because there is no "gold stan-
dard" for defining asthma in epidemiological studies
[23].

In the present study, 5.4% of the children had suffered
from wheezing during the last 12 months.  This result is
similar to a previously reported study from Switzerland,
in which the prevalences of wheezing were 7.4 and 6.0%
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Table 3.  –  The prevalence of positive skin-prick reactions and the results of pulmonary function
tests among children with either dry cough only or asthmatic symptoms, and among all children with
chronic respiratory symptoms

Dry cough Asthmatic All
only symptoms

Boys Girls Total
(n=111) (n=86) (n=112) (n=85) (n=197)

Allergen*  %
Birch 19 33 31 16‡ 25
Common alder 32 48 45 32 39
Timothy grass 34 51† 47 34 42
Mugwort 11 22 22 7‡ 16
Any pollen 48 70† 64 48‡ 57
Cat 32 55† 45 39 42
Dog 36 52† 46 39 43
Any pet 41 66† 54 48 52
House dust mite 4.5 15† 11 7 9
Any positive prick 55 79† 69 61 65

Pulmonary function
FVC     % pred 99 (12) 100 (14) 103 (12) 94   (12)+ 99 (13)
FEV1 % pred 95 (11) 93 (12) 95 (11) 93  (12) 94 (11)
PEF   % pred 90 (17) 86  (16) 84 (15) 93 (18)+ 88 (17)
MMEF  % pred 90 (19) 81  (21)§ 82 (19) 92  (21)+ 86 (20)

Pulmonary function data are presented as mean and SD in parenthesis.*: all allergen concentrations were 10,000
BU·mL-1; †: p<0.05 for difference between the symptom groups, adjusted for sex and age; ‡: p<0.05 for dif-
ference between sexes; §: p<0.01 for difference between the symptom groups, adjusted for sex and age;
+: p<0.01 for difference between sexes.  FVC: forced vital capacity;  FEV1: forced expiratory volume in one
second; PEF: peak expiratory flow; MMEF maximal mid-expiratory flow. 



among children aged 7 and 12 yrs, respectively [24].  Higher
prevalences of wheezing have been reported among
children in other countries: 10% in The Netherlands [8],
15% in England [18], 18% in New Zealand [20], 21–23%
in Australia and 21–27% in Chile [24].  Among 12–13
year old children, the self-reported prevalence of wheez-
ing during the previous year has varied between 19% in
Germany, 26% in New Zealand and 28–30% in Australia
[25].  Thus, the prevalences of both doctor-diagnosed
asthma and asthmatic symptoms in eastern Finland seem
to be similar to, or somewhat lower than, the corre-
sponding prevalences in several Western European coun-
tries, but they are clearly lower than the prevalences in
New Zealand and possibly in Australia.

The children with chronic respiratory symptoms more
often had moisture stains or molds at home than the
asymptomatic children.  It is possible that the parents of
symptomatic children notice and report moisture prob-
lems and molds more readily.  However, several previ-
ous studies have also suggested that exposure to molds
is associated with chronic respiratory symptoms [26–
30].  Current pet owners had less respiratory symptoms,
which indicates pet avoidance in families with children
having chronic respiratory symptoms. A similar result
has also been reported previously [31].

In the interpretation of skin-prick tests, a mean weal
diameter of 2 mm or more was considered a positive
result.  The prevalences of positive reactions to timothy
grass (42%) and common alder pollens (39%) were more
common than the reactions to birch pollen (25%).  This
finding did not change, when the definition of a positive
skin test reaction was changed to a mean weal diameter
of 3 mm, the cut-off point used in many studies [32–35].
Such frequent allergy to common alder has not previ-
ously been reported in Finland [33, 36].  With the cut-
off point of 3 mm, the prevalence of positive reactions
to all allergens decreased by a mean of 6.6% (range from
2.0% for house dust mite to 14% for birch pollen).

Most asthmatic children (77%) and more than half
(54%) of the children with dry cough only had at least
one positive skin test reaction.  Similar results have been
reported in recent Finnish [34] and Swedish [15] stud-
ies, in which the prevalences of at least one positive skin
test reaction varied between 66 and 69% among asth-
matic children.  In addition, in a study from England,
63% of wheezy children had at least one positive skin
test reaction compared to 37% among children with dry
cough [37].  In unselected populations, the prevalence is
lower and usually varies between 17 and 39% [11, 15,
32, 34–36].

The results of the pulmonary function tests in children
with asthmatic symptoms and with dry cough only dif-
fered from each other in MMEF values.  This may reflect
good clinical responses achieved by anti-asthma drugs
and by allergen avoidance among the asthmatic children.
It has been reported that MMEF is a sensitive index of
airway obstruction [38], and, in fact, the smaller MMEF
values in the asthmatic children seem to have been the
only indicator of airflow obstruction in comparison with
the children with dry cough only.  Boys had lower PEF
and MMEF values than girls, which could, at least in

part, be due to the larger proportion of asthmatics among
boys (59%) than girls (41%).  Boys had more chronic
respiratory symptoms and positive skin-prick reactions
than girls, which has also been observed in many pre-
vious studies [2, 11, 24, 39].  This difference seems to
disappear with age and in adolescence girls may even
have more respiratory symptoms than boys [15, 24, 40].

Chronic cough is often considered an occult form of
asthma [37, 41]. In the present study, the children with
dry cough as their only chronic respiratory symptom
formed an intermediate group that differed clearly both
from the children with asthmatic symptoms and the chil-
dren with no respiratory symptoms.  In a study from
England, children with wheeze had bronchial hyperre-
sponsiveness to methacholine more often than children
with cough.  However, children who had both cough and
atopy had higher prevalence of bronchial hyperrespon-
siveness than nonatopic wheezy children [37].  Children
with cough have been reported to have more frequent but
less severe episodes of airflow obstruction than wheezy
children [42].

The repeatability of questions on asthmatic symptoms
has been reported to be good [8].  In the present study,
there was also a strong correlation between reporting of
different asthmatic symptoms, which made the asthmat-
ic group very homogenous.  In contrast to this, the repeat-
ability of questions on cough has been reported to be
less satisfactory [8].

The present results support the hypothesis that chron-
ic cough may be an indicator of occult asthma.  Therefore,
to improve the sensitivity of respiratory questionnaires
designed to detect asthma, they should also include ques-
tions on chronic cough.  In contrast to what has been sug-
gested previously, the prevalence of childhood asthma
in eastern Finland was similar to the prevalences reported
from other parts of Finland and from other Western
European countries.
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