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Abstract
Objective—Examination of the relation
between respiratory symptoms and time
since arrival in Australia in immigrant
teenagers living in Melbourne.
Design—Two stage, stratified, cross sec-
tional survey.
Setting—High schools (n = 51).
Subjects—9794 people aged 13–19 years.
Main outcome measures—Prevalence of
wheeze during a 12 month period, region
of birth, duration of residence in Aus-
tralia.
Results—The estimated population 12
month period prevalence of wheeze was
18.9% (95% confidence interval (CI), 18.0
to 19.9). In subjects born outside Aus-
tralia, residence for five to nine years in
Australia was associated with a 2.1-fold
(CI, 1.1 to 4.0) increase in the odds of self
reported wheeze; after 10–14 years, this
risk increased 3.4-fold (CI, 1.8 to 6.7).
There was no diVerence in severity of
wheeze, measured by reported frequency
of attacks, between Australian born and
non-Australian born subjects.
Conclusions—The notion of a continued
secular increase in the prevalence of
wheezing is not supported. There is a time
dose eVect on the prevalence of symptoms
in subjects born outside Australia and now
living in Melbourne, which is independent
of age and country of birth.
(Arch Dis Child 1999;81:159–162)

Keywords: wheezing; asthma; prevalence;
environmental factors

Paired epidemiological studies have suggested
that the prevalence of wheezing in childhood
has increased.1–3 Although some are sceptical
about the magnitude or indeed presence of an
increase,4 5 there is concern among others that
the prevalence of wheezing continues to
increase.6 The likely mechanism for the possi-
ble increase is a change in an environmental
factor aVecting a relatively stable, genetically
predisposed population.7 Sensitisation to that
environmental factor probably occurs antena-
tally and in the 1st few years of life.8–10

Migrating populations provide the oppor-
tunity to observe changes in symptoms with
changes in environment and to examine diVer-
ences in symptoms within a similar environ-
ment. The aim of our study was to describe the
profile of respiratory symptoms of teenagers
living in Melbourne and to examine the eVect

of region of birth and length of time living in
Australia.

Methods
The study was a cross sectional survey of high
school students in the metropolitan area of
Melbourne (total population, 3.1 million).
Government high schools were included, but
independent, non-government schools (which
contain 15% of high school students in
Melbourne) were not. A two stage, stratified
sampling procedure was used. For the purpose
of a related study on the prevalence of tubercu-
losis infection,11 a study group with a high rep-
resentation of subjects not born in Australia
was required. To classify country of birth, the
world was divided into 12 geographical regions
(table 1). In the first stratum, all schools
estimated to have at least 4% of their
population born in any one of these 12 regional
groupings (except south east Asia, because a
targeted strategy was not necessary to produce
suYcient numbers from this region) were
selected. In the second stratum (all remaining
schools), we selected a 5% random sample.
Within each school, all students at year levels 9
and 10 were invited to participate. The result
was a survey based on 50 purpose selected
schools with high numbers of overseas born
students and an additional seven randomly
selected schools.

A research assistant visited the schools and
the questionnaire was distributed to all stu-
dents in the target population. Parents com-
pleted the questionnaire. Apart from request-
ing the student’s age, sex, country of birth, and
the language spoken at home, the question-
naire asked three questions about wheeze
related symptoms and treatment (appendix).
These questions were identical to those used in
a previous study of Melbourne teenagers.2 A
complete guide to the questionnaire was avail-
able in the 12 most commonly spoken
non-English languages.

STATISTICAL ANALYSIS

The 12 month period prevalence of wheezing
or asthma attack was estimated within region of
birth with 95% confidence intervals (CI)
obtained using standard methods for propor-
tions. Because the sampling deliberately se-
lected schools with high concentrations of
overseas born students, an estimate of overall
prevalence of wheezing or asthma attacks was
obtained by direct standardisation to the
population distribution of region of birth in
12–17 year olds in metropolitan Melbourne
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(1991 Census data, Australian Bureau of
Statistics). Small numbers from each regional
group in the stratum of randomly selected
schools made it impossible to produce stratum
weighted estimates. We compared the preva-
lence of wheeze in Australian born subjects
between the purpose selected and randomly
selected schools. Frequencies were compared
between region for birth groups, sex groups,
and age groups using the ÷2 test. For a
subgroup of the sample (those included in the
subsequent tuberculosis survey), further infor-
mation was available on length of time since
arrival in Australia. Groups were defined
reflecting approximate tertiles of time lived in
Australia, and wheeze frequency was compared
between these. Multiple logistic regression was
used to assess the eVect of length of time in
Australia, adjusting for potential confounding
by region of birth and age.

Results
Of the 57 schools approached to participate, six
in the purpose selected stratum declined and
one in the randomly selected stratum declined.
The latter school was replaced with a geo-
graphically neighbouring one, resulting in a
study group of 51 schools. The questionnaire
was distributed to an estimated 13 020 stu-
dents and 9794 (75%) useable responses were
obtained (85% of which were from the purpose
selected group), excluding subjects who had a
missing date or country of birth or both wheeze
and wheeze frequency questions. Subjects were
aged between 13 and 19 years; predominantly
14 (46.2%) and 15 (38.2%) years old, and
4569 (46.8%) subjects were boys. No signifi-
cant diVerence was found in the 12 month
period prevalence of reported wheeze among
Australian born subjects in the purpose
selected and randomly selected strata (1028 of
5428 (18.9%) and 254 of 1254 (20.3%);
p = 0.3, respectively). For all subsequent

analyses, the two strata have been combined.
Table 1 displays the distribution of subjects and
the 12 month period prevalence of wheeze by
region of birth.

SYMPTOMS

The weighted 12 month period prevalence of
wheeze or asthma attacks for the whole
population was 18.9% (95% CI, 18.0 to 19.9).
There were 9735 subjects who replied to the
frequency of wheeze attacks question: 9.2%
(95% CI, 8.7 to 9.8) reported between one and
three wheeze attacks; 3.9% (95% CI, 3.6 to
4.3) between four and 12 attacks; and 1.9%
(95% CI, 1.6 to 2.2) > 12 attacks each year.
There were no significant diVerences in wheeze
prevalence between sex or age groups.

SYMPTOMS AND REGION OF BIRTH

Table 1 shows the 12 month period prevalence
of wheeze by region of birth. The prevalence
for Australian born subjects (19.2%; 95% CI,
18.2 to 20.2) was more than twice that among
those born outside Australia (8.5%; 95% CI,
7.4 to 9.7). There was no significant diVerence
in the frequency distribution of wheeze attacks
between the two groups (p = 0.22).

SYMPTOMS AND TIME LIVING IN AUSTRALIA

There was a strong trend to a higher 12 month
prevalence of wheeze with longer time spent
living in Australia (p < 0.001) (table 2). This
eVect was unaltered by adjustment for age and
region of birth.

Discussion
DiVerent methodology and definitions have
hampered the epidemiological study of
asthma.12 The international study of asthma
and allergies in childhood (ISAAC)13 has
standardised the methodology and a video
questionnaire may help with problems of
translation and language.14 Our study used the
same questions as a 1990 Melbourne study,2

which reported a 12 month period prevalence
of wheezing or asthma attacks ranging from
23.1% for 7 year olds to 18.6% for 15 year olds.
Our data do not indicate an increase in the 12
month period prevalence of wheeze over the
past five years and they do not support the sug-
gestion that the prevalence of respiratory
symptoms continues to increase, at least in
Melbourne. Aberdeen data, using a three year
period prevalence of wheeze, reported a
significant increase between 1989 and 1994,
from 19.8% to 25.4% in 8–13 year olds.6

Comparing these studies illustrates the diYcul-
ties of using two diVerent period prevalences as
outcome measures. Another study of Austral-
ian children aged 13–14 years in 1994–5 found
a 12 month period prevalence of wheeze of
29.4% (95% CI, 29.1 to 29.7),15 and these data
support the theory of the prevalence increas-
ing. However, the latter study used the ISAAC
questions, which were slightly diVerent from
the questions used in 1990. Furthermore, in
the 1990 study the parents completed the
questionnaire, whereas the subjects completed
the questionnaire themselves in the larger 1995
ISAAC study. This may be an important factor

Table 1 Distribution of study respondents (n = 9778) by region of birth, with 12 month
period prevalence of wheeze and 95% confidence intervals (CI)

Region of birth Wheeze Total Prevalence 95% CI

Australia 1282 6682 19.2 (18.2 to 20.2)
West and North Europe, UK and Ireland,

New Zealand, North America 51 2701 8.9 (14.4 to 24.1)
Africa 19 1131 6.8 (10.4 to 25.0)
South East Asia 34 384 8.9 (6.2 to 12.1)
Southern Europe 10 119 8.4 (4.1 to 14.9)
South and Central America 11 148 7.4 (3.8 to 12.9)
Middle East and North Africa 15 208 7.2 (4.1 to 11.6)
South Asia 15 209 7.2 (4.1 to 11.6)
Indochina 54 973 5.5 (4.2 to 7.2)
North East Asia 14 279 5.0 (2.8 to 8.3)
Oceania 2 64 3.1 (0.4 to 10.8)
Eastern Europe 7 329 2.1 (0.9 to 4.3)

Table 2 Wheeze frequency by time since arrival in
Australia, with odds ratio (OR) obtained by logistic
regression, both unadjusted and adjusted for age and region
of birth (n = 1344)

Time in
Australia n

Wheeze
(%)

Crude OR
(95% CI)*

Adjusted OR
(95% CI)*

0–4 years 374 3.7 1.0 1.0
5–9 years 563 7.8 2.2 2.1

(1.2 to 4.0) (1.1 to 4.0)
10–14 years 407 12.0 3.5 3.4

(1.9 to 6.5) (1.8 to 6.7)

*Trend test, p < 0.001.
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because there are diVerences between the rates
of self reported and parent reported
symptoms.16 The overall evidence for an
increase in prevalence of asthma has been con-
sidered weak because the measures used to
estimate the prevalence of symptoms are
susceptible to systematic errors.5 Thus, it is
imperative that the same questionnaires and
mode of completion are used when comparing
repeated studies.

Selection and participation biases might
have aVected the estimated prevalences. Only
15% of respondents were randomly selected,
but the total sample was drawn from almost
one third of Melbourne schools. The 85% of
respondents from schools purposely selected
because of their relatively high numbers of
overseas born students would not be expected
to have diVerent patterns of asthma from those
in other schools. This reasonable assumption
was supported by our data, which showed no
diVerence in asthma prevalence among Aus-
tralian born students between the two groups
of schools (random and purpose selected).
Compared with other studies,2 3 we obtained a
lower questionnaire response rate at 75%.
Although there are no data to confirm this, it
seems unlikely that the likelihood of participa-
tion would be strongly related to the presence
of wheezing history; however, any such bias
might be expected to result in an underestima-
tion of the prevalence of symptoms and the
level of treatment. Estimates of population
prevalence were standardised to the appropri-
ate distribution of region of birth, thus
compensating for the major known bias in
sample selection. We did not collect data on
smoking and the change in smoking habits over
time; some might argue that smoking (active or
passive) may be a confounding factor on our
conclusions.

The standardised methodology of ISAAC
has allowed, for the first time, a comparison of
the prevalence of respiratory symptoms from
diVerent geographical areas.17 Wide variations
of symptom prevalence were found: a 12
month period prevalence of wheeze ranging
from 1.8% to 35.3%, with a mean of 14.2% for
13–14 year olds.17 Our data also reveal different
prevalences of recent wheeze based on region
of birth. The prevalence of wheeze was highest
in Australian born subjects and much lower in
subjects who were born outside Australia.
Making comparisons with studies completed in
those countries is diYcult because of the
methodological problems already alluded to.
However, there does appear to be a diVerence
in wheeze prevalence between children from
“Westernised countries” and developing
countries.18

A striking finding of our study is that
duration of residence in Australia was strongly
associated with reported symptoms. There is a
“dose” related response; the longer time spent
living in Australia, the more likely the popula-
tion will adopt the prevalence of the local born
population. When controlled for child’s age
and region of birth the eVect remained. This
supports the notion that the environment con-
tinues to be an important factor in influencing

Appendix

The three key questions used in this preva-
lence study:
(1) In the past 12 months has your child

had a wheezing or asthma attack?
(a) Yes, (b) No

(2) In the past 12 months how frequent
were the wheezing or asthma attacks?
(a) Less than 4 attacks,
(b) 4–12 attacks,
(c) more than 12 attacks.

(3) In the past 12 months has your child
been treated with any of the following
medications?

A choice of 10 possible medications: (a) Yes,
(b) No, (c) Don’t know, for each one.

the prevalence of respiratory symptoms even
after the early years of sensitisation.8–10 In a
contemporaneous study in four Australian
states, Robertson et al demonstrated that Aus-
tralian born subjects were more likely to report
current wheeze when compared with those
born elsewhere15; our data support their
findings but add further evidence of a dose
time eVect. Our study also found that although
the prevalence of wheezing varied depending
on region of birth, the severity and frequency of
attacks were not significantly diVerent between
Australian born and non-Australian born sub-
jects. There were no significant diVerences in
the prevalence of symptoms between boys and
girls. This peripubertal sex equilibration of the
prevalence of wheeze is well known.2 19

Studies using “race” and “ethnicity” as out-
come or predicting variables11 have problems
because of the inherent diYculties of defining
those terms.20 21 We have used “region of birth”
as a variable, but this could be criticised
because there is evidence of diVerences be-
tween two races from the same geographical
region.22 23 It has been suggested that diVer-
ences in wheeze prevalence in diVerent popula-
tions must depend primarily on diVerences in
inherited or acquired hyper-responsiveness and
only secondarily on diVerences in their expo-
sure to environmental factors capable of
provoking it.24 The dose–time eVect that we
have demonstrated in subjects living in Mel-
bourne, which is independent of region of
birth, would reinforce the strong influence of
an environmental factor. Whether this is the
“Westernisation factor” suggested by Gregg24

and others7 12 cannot be answered by a descrip-
tive study such as ours.

Studies examining the prevalence of respira-
tory symptoms in migrating populations have
yielded conflicting results. In South Africa,
Xhosan children living in Transkei had a much
lower incidence of exercise induced symptoms
compared with children who had moved from
Transkei to townships near Capetown.25 Leung
et al demonstrated large diVerences between
Asian immigrants, Australian born Asians, and
non-Asians, with higher levels of reported
atopic symptoms in subjects who had been
born in Australia compared with those who
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were born outside the country,26 and with simi-
lar dose–time eVects to those found in our
study. Tokelauan children who migrated to
New Zealand had twice as many asthma symp-
toms as those who stayed on the island.27 Asian
children born in Africa have a reported similar
prevalence of asthma symptoms to children
born in the UK, and it has been postulated that
this may be because the lifestyle in Africa is
more “Westernised” than it is in the Indian
subcontinent.28 Children born in Pakistan or
India and moving to the UK reported lower
symptom rates compared with children born in
the UK.29 An increase in reported asthma
symptoms in Papua New Guinea between
1972 and 198030 31 was considered to be caused
by the introduction of blankets and the house
dust mite into the community.32 Our data are
consistent with the existence of an environ-
mental factor or factors aVecting the preva-
lence of symptoms, independently of genetic
susceptibility.

We thank all the families who completed the questionnaire and
all the schools who were involved in the coordination of the
study.
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