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Early childhood wheezing is associated with asthma later in life.
However, the high spontaneous recovery rate and the lack of ®rm
predictors for persistence of wheezing complicates the development of
evidence-based guidelines for long-term management of wheezy infants
and toddlers. Our aim was to de®ne variables that could be used to
identify wheezy individuals younger than 3 years of age who would
continue to be symptomatic at school age. The method used was a
questionnaire-based cross-sectional survey of 2027 randomly chosen,
6±13-year-old school children. Altogether 1829 (90%) questionnaires
were returned. Emergency medical care had been sought for 186 (10.2%)
children for wheezing during the ®rst 3 years of life, and only 17.2% of
these children had received similar emergency treatment during the
12 months preceding the survey. The total proportion of children with
current asthma at school age was 11.4%. A logistic regression analysis
indicated that for the early wheezers, a family history of asthma, an itchy
rash or food allergy, and exposure to tobacco smoke at home before the
age of 3 years, were all independently associated with symptom
persistence until school age. Among all wheezy children younger than
3 years, those who have a history of food allergy, itchy rash, asthma
occurrence in a sibling or parent, or are exposed to tobacco smoke during
the ®rst years of life are at highest risk for symptom persistence until
school age.
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Therapy with inhaled anti-in¯ammatory agents
has become a cornerstone in the management of
patients with asthma and asthma symptoms (1±
3). As such medication can potentially prevent
chronic airway obstruction, its early initiation is
recommended for symptomatic individuals (4±7).
Whereas the value of such an approach for adults
and older children is seldom questioned, bene®ts
for younger children, especially those under
3 years of age, are less clear (8,9). This uncer-
tainty stems from the fact that only a minority of
early wheezers remain symptomatic in adoles-
cence or adulthood (10±12).

Despite the generally favorable outcome, there
is an association between wheezing before the age
of 3 years and asthma at school age (13±16). It is
therefore evident that a subgroup of early wheez-
ers have a true asthma and that these children
might bene®t from early anti-in¯ammatory
medication. The identi®cation of those at risk

for symptom persistence remains, however,
problematic (10,13,15,17±20). To determine
variables that could be used to identify those
wheezy under-3-year-olds who continue to be
symptomatic at school age, we conducted a
questionnaire-based cross-sectional survey.

Subjects and methods

Study design, subjects, and the questionnaire

The study was carried out as a cross-sectional,
questionnaire-based survey in Tampere, a
Finnish city with 190 000 inhabitants. A list of
all 40 primary schools in the area, and the
respective numbers of pupils and classes in each
school, were obtained from the local education
department. Eleven schools, evenly distributed
throughout the city, were selected and contacted
for further discussions. After agreement with the
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headmaster and the school nurse, a total of 96
classes were randomly selected to form the target
group for the study (16 classes for each of grades
1±6).

A 12-page questionnaire was modi®ed from the
one used in the international study on asthma and
allergy in childhood [ISAAC questionnaire for 6±
7-year-old children (21)]. The modi®cations
included additional questions soliciting informa-
tion on a number of risk factors for wheezing,
previous respiratory symptoms, and emergency
room or hospital treatments for acute asthma
symptoms in early childhood. The question-
naires, together with an explanatory letter,
written instructions to assist completion, and a
return envelope, were distributed during a normal
lesson by a schoolteacher. The children took the
material home to be completed by their guardian.
One week later, the questionnaires were returned
in sealed envelopes and collected from each
school by one of the investigators.

The study was approved by the ethics commit-
tees of the Tampere University Hospital, and the
Department of Social Services and Health Care
of the City of Tampere.

De®nitions

During the 12 months preceding the survey, the
children who reported having had one or more of
the following conditions were considered to have
current asthma: wheezy breathing, emergency
room or hospital treatment for acute asthma, or
regular anti-in¯ammatory therapy for chronic
asthma. Children with a biological parent or
sibling with known asthma were considered to
have a family history of asthma. Home exposure
for tobacco smoke was de®ned as residence in a
household where a parent or another permanent
resident regularly smoked indoors.

Statistical analysis

The 6±13-year-old children who returned the
questionnaire with appropriate age and gender
information were included in the ®nal analysis.
When testing associations between various indi-
vidual exposures and the probability of having
current asthma, the Yates'-corrected Mantel-
Haenszel test was used to examine the signi®-
cance of differences between proportions.

To control for confounding and to identify
predictors of current asthma from data available
when the child was 3 years old, a logistic
regression analysis was performed. Variables
showing a statistically signi®cant association
with current asthma in a univariate analysis, or
those potentially confounding the current asthma

symptoms, were entered stepwise into the model.
Interactions between variables were eliminated by
selecting the most relevant one if two or more
variables explained the same exposure. The
results were summarized using odds ratios (OR)
and their 95% con®dence intervals (95% CI).

Computation was carried out using spss/win
and epiinfo 6.04b on a PC and bmdp statistical
software on a UNIX/SUN mainframe

Results

Response rate and study population

Of the 2027 questionnaires that were distributed,
1829 (90%) were returned. Thirteen children were
excluded either owing to incomplete data on age
or gender or because they were older than
13 years. Therefore, 1816 children (915 boys
and 901 girls) were included in the ®nal analy-
sis. The ages of the children ranged from 6.1
to 12.9 years and the mean6SD age was
9.761.8 years for boys and girls alike. Four per
cent of the respondents had had doctor-diag-
nosed asthma, and 14% reported a family history
of it. Other pertinent background characteristics
are shown in Table 1.

Frequency of emergency care for acute asthma symptoms at
various ages

The proportion of children who had required
emergency medical treatment for acute wheezing
during the ®rst 3 years of life, between the ages of
3 and 6 years, and in the 12 months preceding the
survey, were 10.2%, 9.1%, and 4.6%, respectively.
In the under 3-years age-group, emergency
medical care was more common among boys,

Table 1. Background characteristics of the study population

Variable % 95% CI

Premature birth (,37 gestational weeks) 6.0 5.0±7.2
Birth weight under 2500 g 4.7 3.7±5.7
History of asthma 4.0 3.1±5.0
History of hay fever 17.5 15.8±19.4
History of itchy rash 23.7 21.8±25.7
History of eczema 28.7 26.5±31.0
History of food allergy 24.2 22.3±26.3
Anti-in¯ammatory medication ever 4.8 3.4±5.9
Anti-in¯ammatory medication before 1.1 0.7±1.7

3 years of age
Family history of asthma 14.1 12.5±15.8
Atopy of mother or father 26.2 24.0±28.3
Atopy of sibling 25.7 23.6±27.9
Passive smoking in the past year 6.9 5.8±8.2
Passive smoking before 3 years of age 6.3 5.2±7.5
Maternal smoking during pregnancy 14.4 12.8±16.1
Furry pets at home in the past year 49.2 46.9±51.6

95% CI, 95% con®dence interval.
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but the gender difference became smaller with
increasing age (Table 2).

Of the 186 children who had been treated for
acute wheezing when younger than 3 years, 102
(54.8%) had required at least one emergency
treatment when aged between 3 and 6 years, and
32 (17.2%) had required at least one emergency
treatment in the 12 months preceding the survey.

Prevalence of current allergic symptoms and asthma

Table 3 summarizes the prevalence of various
allergic symptoms during the 12 months preced-
ing the survey. Rhinitis was slightly more
common amongst boys than girls (36.5% vs.
29.1%), but otherwise there were no gender
differences in the symptom prevalence.

Anti-in¯ammatory asthma medication had
been used by 3.6% (95% CI 2.8±4.5) of the
respondents during the previous year. The
proportion of children who during this period
had used anti-in¯ammatory asthma medication,
had experienced wheezing or needed emergency
care for asthma symptoms, was 11.4% (95% CI
10.0±13.0). Of these 207 children considered to
have current asthma, 62 (30.0%) had required
hospital treatment for wheezing when younger
than 3 years of age.

Risk factors for current asthma

Table 4 shows univariate association between
various background characteristics and current
asthma. To summarize, a history of food allergy,
itchy rash or eczema, having a ®rst-degree relative
with asthma, and home exposure to tobacco
smoke before the age of 3 years, were all
signi®cant risk factors for current asthma. A
history of emergency room or hospital treatment
for wheezing before the age of 3 years predicted
current asthma, but not as strongly as similar
treatment at the age of 3±6 years (Table 4).

To identify factors that would facilitate the
recognition of wheezy children under 3 years of
age who would continue to have asthma symp-
toms at school age, a logistic regression analysis
was performed. For this purpose, all variables
describing data that were available when the

children were 3 years old and that showed a
statistically signi®cant association with current
asthma in a univariate analysis, were entered
stepwise into the regression model. Those vari-
ables (gender, birth weight, use of inhaled anti-
in¯ammatory asthma medication before the age
of 3 years, passive smoking in the past year) that
did not demonstrate an independent effect
(p.0.05) were excluded from the model based

Table 2. Proportion of children treated for acute wheezing in an emergency
room or hospital ward at different age periods

Age period of hospital contact % 95% CI
Proportion
of boys (%)

Under 3 years of age 10.2 8.9±11.8 62.4
Between 3 and 6 years 9.1 7.8±10.5 64.0
In the past year 4.6 3.7±5.6 55.4

95% CI, 95% con®dence interval.

Table 3. Symptoms in the year preceding the survey

Variable % 95% CI

URTI 70.6 68.5±72.7
Any wheeze 9.6 8.3±11.1

Wheeze in the morning 6.1 5.0±7.3
Exercise-induced wheeze 3.9 3.0±4.9
Severe wheeze, limiting speech 1.8 1.3±2.6

Rhinitis apart from URTI 32.8 30.6±35.1
Conjunctivitis apart from URTI 18.4 16.6±20.3
Itchy rash 16.8 15.1±18.6

URTI, upper respiratory tract infections.
95% CI595% con®dence interval.

Table 4. Univariate analysis: variables associated with increased risk for
current asthma among 1816 school children in Tampere

Variable OR 95% CI p-value

Male gender 1.2 0.9±1.6 0.360
Birth weight under 2500 g 1.2 0.6±2.2 0.769
Prematurity 1.3 0.7±2.3 0.482
Hospital contact for wheezing

Between 3 and 6 years of age 10.7 7.5±15.2 0.000
Under 3 and between 3 and
6 years of age, combined 8.9 5.8±13.6 0.000
Between 3 and 6 years of age,
but not before 7.9 4.7±13.4 0.000
Under 6 years of age 7.1 5.2±9.8 0.000
Under 3 years of age 4.9 3.5±7.0 0.000
Only under 3 years of age 1.3 0.7±2.5 0.463

Factors in the past year
Rhinitis apart from URTI 5.8 4.3±8.0 0.000
Conjunctivitis 4.5 3.3±6.2 0.000
Itchy rash 2.9 2.1±4.1 0.000
Passive smoking 1.6 1.0±2.6 0.100
Furry pets at home 0.7 0.5±0.9 0.014

Other factors
Hay fever ever 4.1 3.0±5.6 0.000
Itchy rash ever 2.9 2.1±3.9 0.000
Food allergy ever 2.8 2.1±3.8 0.000
Family history of asthma 2.5 1.8±3.5 0.000
Passive smoking ,3 years of age 2.2 1.3±3.5 0.002
Maternal asthma 2.2 1.3±3.6 0.005
Eczema ever 2.1 1.5±2.8 0.000
Maternal smoking during pregnancy 1.7 1.2±2.4 0.009
Atopy of mother or father 1.7 1.2±2.3 0.003
Atopy of sibling 1.1 0.8±1.5 0.703

Regular anti-in¯ammatory medication 10.0 4.1±24.5 0.000
when ,3 years of age

OR, odds ratio; 95% CI, 95% con®dence interval; URTI, upper respiratory tract
infections.
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on likelihood ratio testing. According to the ®nal
model, exposure to tobacco smoke at home
before the age of 3 years, a history of itchy
rash or food allergy, and a family history of
asthma, were all independently associated with
current asthma (Table 5).

Furry pets at home during the past year
demonstrated a protective effect (OR 0.70, 95%
CI 0.50±0.97) in one model. This variable was
excluded from the analysis as the lack of pets was
more likely be a consequence than a cause of
current asthma. Its removal did not affect the
strength of associations of the other variables in
the model.

Discussion

This cross-sectional survey, utilizing a modi®ed
ISAAC questionnaire, characterized the fre-
quency and predictors of symptom persistence
after emergency treatment for wheezy breathing
among children under 3 years old. The propor-
tion of children who had required emergency
treatment for wheezy breathing before the age of
3 years was 10%. At 6±12 years of age, the
prevalence of wheezy breathing (<10%), itchy
rash (17%), allergic rhinitis (33%), and conjunc-
tivitis (18%), were similar to those reported
previously in Finland (22,23). This, together
with the large sample size (2027) and high
response rate (90%), gives credibility to the
results. A cautionary note is needed, however,
as the assessment of risk factors was performed
retrospectively and the accuracy of the guardians'
recollections on emergency medical contacts was
not ascertained from individual patient ®les.

In agreement with results from previous
studies, there was a direct association between
early wheezing and subsequent asthma symptoms
(13±16). However, of those children who needed
emergency treatment for wheezy breathing before

the age of 3 years, only 50% continued to need
such treatment at 3±6 years of age and less than
20% at school age. This con®rms earlier ®ndings
that the majority of early wheezers outgrow
their problem during childhood (10,11,15,19).
However, the proportion of symptomatic indivi-
duals per age-group does not decrease accord-
ingly, as other children start wheezing after the
age of 3 years (15). In fact, in our study, only 30%
of those with current asthma at school age had
needed emergency treatment for wheezing during
the ®rst 3 years of life.

The association between early childhood
wheezing and later asthma, together with the
high spontaneous recovery rate, complicates the
development of evidence-based guidelines for
long-term management of wheezy infants and
toddlers. With the present evidence, universal
anti-in¯ammatory medication can hardly be
justi®ed for all early wheezers. In contrast,
those with persisting symptoms would probably
bene®t from such therapy (24). It is therefore
important to identify factors that would help to
detect children at highest risk for symptom
persistence (20).

In our study, independent predictors of symp-
tom persistence among wheezy children under
3 years of age were a history of food allergy, itchy
rash, family history of asthma, and exposure to
tobacco smoke at home before the age of 3 years.
Previous studies have also associated persistent
symptoms with the child's own atopy or with a
family history of asthma (10,13,15,17±19).
Recently Martinez (1999) suggested an algorithm
for the identi®cation of asthma risk among young
children who have needed hospitalization or at
least three out-patient contacts for wheezing (25).
According to his model, those with atopic
dermatitis or parental history of asthma, have a
signi®cantly increased risk of asthma. Our results
strongly support this algorithm and add known
food allergy to the child's risk characteristics.

Taken together, our results con®rm the gen-
erally favorable prognosis of children under
3 years old who need emergency treatment for
wheezing. Those who have a history of food
allergy, itchy rash, or asthma occurence in a
sibling or parent are at highest risk for symptom
persistence and might bene®t from early anti-
in¯ammatory therapy. Cessation of parental
smoking should be also encouraged to minimize
the risk of chronic asthma.
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