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Abstract

Background: Wide variations in the prevalence of asthma, rhinitis and eczema
have been reported between regions within Canada and between different
countries. The International Study of Asthma and Allergies in Childhood (ISAAC)
was developed to provide a standardized tool and methodology to ascertain the
prevalence of asthma and allergies in different regions. Comparisons of preva-
lence rates across geographic regions and at different times may help to identify
factors that contribute to the development of these conditions in individuals.

Methods: Two Canadian centres, Hamilton and Saskatoon, participated in the
ISAAC. A standard questionnaire was distributed through schools and com-
pleted by 13- and 14-year-old children and by the parents of 6- and 7-year-old
children. Prevalence rates and 95% confidence intervals were calculated for
asthma, wheezing, rhinitis and eczema.

Results: The overall response rates were 75.1% among the children 6 and 7 years
old and 68.6% among those 13 and 14 years old. Among the younger chil-
dren, the lifetime prevalence of asthma was 17.2% in Hamilton and 11.2% in
Saskatoon; the corresponding rates among the older children were 19.2% and
12.2% respectively. The prevalence of wheezing in the 12 months before the
survey in the younger group was 20.1% in Hamilton and 14.1% in Saskatoon;
in the older group it was 30.6% and 24.0% respectively. The prevalence of
rhinitis in the 12 months before the survey was 28.6% in Hamilton and 22.6%
in Saskatoon in the younger group and 45.8% and 33.8% respectively in the
older group. The prevalence of eczema was slightly higher in Saskatoon in
both age groups.

Interpretation: High prevalence rates of asthma, rhinitis and eczema exist
among school children in Hamilton and Saskatoon, similar to rates in other
Western countries. Further studies are required to determine the factors asso-
ciated with the high rates in the 2 regions and possible reasons for the higher
rates in Hamilton.

Asthma continues to be a major cause of morbidity in childhood.1 A number
of studies suggest that its prevalence is increasing.2–4 Since the 1970s there
have been marked increases in the rates of hospital admissions because of

asthma among children in Canada,5–7 the United States8 and other countries.9 Rates
of death from asthma among young adults have also increased since the mid-1970s
in Canada5,6,10 and many other countries.11

These reports suggest that there have been changes in the causes or severity of
asthma or in the effectiveness of treatment in recent years. Comparisons of asthma
prevalence rates in different regions may help to identify factors that contribute to
these changes. Although studies have reported variations in childhood prevalence
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rates between countries12 and within countries, including
Canada,13 an interpretation of these geographic variations
has been hindered by differences in methodology and diag-
nostic criteria used in the studies.14 It is therefore important
to use a standardized methodology to obtain information
about the prevalence of asthma in different regions.

The prevalence of rhinitis and eczema among children
has been less well studied. Most of the information avail-
able about rhinitis relates to hay fever, and reported rates of
this condition have varied widely between countries;3,12,15–20

reported prevalence rates of eczema have also varied
widely.3,12,17,20–23 An interpretation of studies of rhinitis and
eczema has been difficult because of the lack of standard-
ized case definitions.

The International Study of Asthma and Allergies in
Childhood (ISAAC) was developed to enable researchers
around the world to use the same methodology in studies
designed to investigate the prevalence and severity of
asthma, rhinitis and eczema among children living in dif-
ferent regions and to compare findings within and between
countries. Further objectives of ISAAC were to obtain
baseline measures for the assessment of future trends in the
prevalence and severity of these diseases and to provide a
framework for further etiological research on lifestyle, en-
vironmental, genetic and medical care factors affecting
these diseases.14

In this article we report the prevalence of asthma, rhini-
tis and eczema in 2 Canadian cities, Hamilton and Saska-
toon, using the ISAAC protocol.

Methods
A full description of the ISAAC study protocol has been pub-

lished previously.14 In brief, a number of centres throughout the
world agreed to use a standardized questionnaire on asthma,

wheezing, rhinitis and eczema that was developed and promul-
gated by the ISAAC Steering Committee.14 The questionnaire in-
cluded questions on demographic characteristics and current (pre-
ceding 12 months) and past history of asthma, wheezing, rhinitis
and eczema. The severity of wheezing in the past year was deter-
mined by responses to questions on the frequency of wheezing at-
tacks, episodes that disturbed sleep, episodes that limited speech,
exercise-induced wheezing and nocturnal cough. The 2 age
groups studied corresponded to the ages of children in grades 1
and 8 in Canadian schools, with 3000 children of each age group
required from each city. For the younger children (6 and 7 years
old) the questionnaire was completed at home by their parents;
the older children (13 and 14 years old) completed the question-
naire at school. The ISAAC questionnaire has been validated by
respiratory physician assessment, with sensitivity of 85% and
specificity of 81%.24 The choice of the 2 Canadian cities was based
on the interests of the investigators in each region and the fact
that the cities have significantly different environments. The 2
cities differ in population density and industry, and hence levels of
air pollution,25 and experience different climatic conditions.26

In Hamilton we recruited children from an area that included
several municipalities and extended approximately 40 km around
the western end of Lake Ontario (Oakville to Brantford). This re-
gion has a population of approximately 500 000, with heavy in-
dustry concentrated mainly in Hamilton, and has a somewhat
milder climate than Saskatoon and relatively high ambient humid-
ity levels. There were approximately 10 000 children in each age
group in this region, and 3000 were sought from each group
through random selection of schools in 7 boards of education.
Most of the children were surveyed in May, June, September and
October of 1994; a further 791 of the older children were sur-
veyed in March and April of 1995. The study was approved by the
Research Committee of St. Joseph’s Hospital in Hamilton, Ont.

Saskatoon, with a population of approximately 200 000, has lit-
tle industry and acts primarily in a service capacity for the sur-
rounding agricultural area. It experiences a typical prairie
climate — low humidity and cold winters. The total number of
school children in Saskatoon in each of the age groups studied was
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Wheezing ever 33.1 26.4
Wheezing in past year 20.1
No. of wheezing episodes 
in past year

1–3
4–12
> 12

13.5
4.5
1.7

No. of episodes of sleep
disturbance from wheezing in
past year
≤ 1 per wk
> 1 per wk

8.1
2.5

Speech limited by wheezing in
past year

Prevalence, % (and 95% CI)

3.3 (3.2–4.7)

(7.1–9.0)
(2.0–3.0)

Younger children

(12.3–14.6)
(3.8–5.2)
(1.3–2.1)

(18.8–21.5)
(31.5–34.7)

Disease or symptom
Hamilton
n = 3337

(15.9–18.5)Asthma ever 17.2

14.1

9.2
3.2
1.3

6.3
1.7

2.6 (2.0–3.2)

(5.3–7.3)
(1.2–2.2)

(8.0–10.3)
(4.2–6.5)
(0.9–1.8)

(12.7–15.4)
(24.6–28.1)

Saskatoon
n = 2418

Table 1: Prevalence and severity of asthma and asthma-like symptoms among children 6 and 7 years old and those 13
and 14 years old in Hamilton and Saskatoon

(10.0–12.5)11.2
44.4 36.4
30.6

19.9
6.4
3.6

9.2
2.2

8.9 (7.9–9.9)

(8.2–10.3)
(1.6–2.7)

Older children

(18.5–21.3)
(5.5–7.3)
(3.0–4.3)

(29.0–32.2)
(42.7–46.2)

Hamilton
n = 3051

(17.8–20.6)19.2

24.0

16.1
4.9
2.8

5.6
2.0

6.7 (5.6–7.9)

(4.5–6.6)
(1.4–2.6)

(14.4–17.7)
(3.9–5.9)
(2.0–3.5)

(22.1–26.0)
(34.2–38.6)

Saskatoon
n = 1901

(10.7–13.7)12.2

Note: CI = confidence interval.



estimated to be between 2500 and 3000; we therefore attempted
to recruit all children in these age groups with the help of the lo-
cal boards of education. The surveys were completed between
December 1993 and March 1994. The study was approved by the
Advisory Committee on Ethics in Human Experimentation of the
University of Saskatchewan.

In both cities, the grade 1 classes included some 5- or 8-year-
old children, and the grade 8 classes included some 12- or 15-
year-old children. These children were included in the data col-
lection and analysis. Children outside these ages were excluded
from the analyses. For the older group, parental informed consent
was obtained; for the younger group, the parents themselves com-
pleted the questionnaire.

Continuous variables were described by means and standard
deviations. Frequencies and proportions were used to describe
categorical variables. The significance of differences in propor-
tions between boys and girls was tested using the χ2 test.

Results

In Hamilton 4568 questionnaires were distributed to the
younger children, and 3337 (73.1%) were completed; of the
4529 older children invited, completed consent forms and
questionnaires were received from 3051 (67.4%). In Saska-
toon 3094 questionnaires were distributed to the younger
children, and 2418 (78.2%) were completed; of the 2692
older children asked to participate, completed consent
forms and questionnaires were received from 1901 (70.6%).

The prevalence rates for asthma and wheezing in each
city are shown in Table 1 and those for rhinitis and eczema,
in Table 2. The lifetime (ever) prevalence of asthma, wheez-
ing and rhinitis was higher among the older children,
whereas the lifetime prevalence of eczema was higher among
the younger old children. In both age groups the prevalence
rates for all asthma and wheezing categories and for all rhini-
tis symptoms were substantially higher in Hamilton than in
Saskatoon (Tables 1 and 2). However, the prevalence rates
for eczema ever were higher in Saskatoon than in Hamilton,
particularly in the older age group (Table 2).

The prevalence rates for asthma and allergy symptoms
by sex are shown in Table 3. Among the younger children
in both Hamilton and Saskatoon, the rates of asthma,
wheezing, rhinitis and hay fever symptoms ever were
greater among boys than among girls, but in the older

group girls had equal or higher rates for wheezing ever,
wheezing in the past year, rhinitis ever, hay fever ever and
eczema ever.

Interpretation

The prevalence rates of asthma in Hamilton and Saska-
toon are among the highest reported in the ISAAC study27

but are comparable with rates reported for other centres,
including those in the United Kingdom, Australia, New
Zealand, the Americas and the Republic of Ireland. The
lowest prevalence rates were found in Eastern Europe and
Asia.27 Some authors28–31 have argued that asthma is a disease
of developed countries and suggested several factors that
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Boys 20.8
Girls 13.5†
Wheezing ever
Boys 38.2
Girls

Prevalence, %

27.9† 24.0§
28.7

Younger children

9.5‡
13.0

Disease or
symptom

Hamilton
n = 3337

Saskatoon*
n = 2414

Asthma ever

36.3
36.4

45.6
43.2

17.9
20.6

Hamilton
n = 3051

Older children

9.9‡

Table 3: Prevalence of asthma and allergy symptoms by sex

14.5

Saskatoon*
n = 1897

Wheezing in
past year
Boys 23.0 15.2 28.6 24.0
Girls 17.2† 12.9 32.5§ 24.1
Rhinitis ever
Boys 33.2 27.6 48.3 37.3
Girls 27.7‡ 23.5§ 53.9‡ 41.4
Hay fever ever
Boys 12.1 8.7 26.2 10.9
Girls 9.3‡ 5.6‡ 29.1 13.2
Eczema ever
Boys 21.3 22.1 10.5 13.6
Girls 20.0 22.2 18.3† 20.7†

*The information on sex was missing for 4 children in both age groups in Saskatoon.
†p < 0.001 for comparison between boys and girls.
‡p < 0.01 for comparison between boys and girls.
§p < 0.05 for comparison between boys and girls.

Rhinitis ever 30.5 25.6
Rhinitis in past year 28.6
Rhinoconjunctivitis in past year 14.4
Hay fever ever 10.7
Eczema

Prevalence, % (and 95% CI)

(9.7–11.8)

Younger children

(13.2–15.6)
(27.1–30.2)
(28.9–32.0)

Disease or symptom Hamilton

Rhinitis

22.6
8.4
7.2 (6.2–8.2)

(7.3–9.5)
(21.0–24.3)
(23.9–27.3)

Saskatoon

Table 2: Prevalence of rhinitis and eczema symptoms

51.2 39.5
45.8
25.9
27.7 (26.1–29.3)

Older children

(24.3–27.4)
(44.1–47.6)
(49.5–53.0)

Hamilton

33.8
12.8
12.1 (10.6–13.6)

(11.3–14.3)
(31.6–35.9)
(37.3–41.7)

Saskatoon

Itchy rash ever 12.3 (11.2–13.4) 12.5 (11.2–13.9) 15.0 (13.7–16.2) 17.1 (15.4–18.8)
Itchy rash in past year 12.3 (11.1–13.4) 11.6 (10.3–12.9) 13.9 (12.7–15.2) 14.4 (12.8–15.9)
Eczema ever 20.6 (19.2–22.0) 22.1 (20.5–23.8) 14.5 (13.3–15.8) 17.3 (15.6–19.0)



may contribute to the increasing prevalence rates in the last
3 decades. These include changes in housing and diet, in-
creased indoor entertainment, increased exposure to indoor
allergens and the increased use of broad-spectrum antibi-
otics. Other factors implicated in allergy development in-
clude pet ownership,12 reduced exposure to viral infections
in early childhood19,32 and damp housing conditions.33–36 Al-
lergy to house dust mites is generally considered to be a
major determinant of asthma,37 and mite populations are
lower in cool, dry environments.38 Cockroach allergy has
recently been identified as a major determinant of asthma,
especially in inner-city areas in the United States.39

The prevalence rates of rhinitis, rhinoconjunctivitis and
eczema among the children in Hamilton and Saskatoon are
also among the highest in the world. Taylor and associates23

suggested that, in the United Kingdom, eczema, like
asthma, was increasing in prevalence. They found that
among children 5–7 years of age the rates were 5.1% in
1946, 7.3% in 1958 and 12.2% in 1970. Similar to the pat-
tern observed for asthma, the prevalence rates for rhinitis
symptoms were greater in Hamilton than in Saskatoon.
This pattern was not seen in the rates for eczema, which
were slightly higher in Saskatoon. Similar findings were 
reported in some of the ISAAC studies in which higher
prevalence rates for eczema were observed in countries
with lower asthma prevalence rates.27

We found that the prevalence of asthma was higher
among boys than among girls, although the prevalence of
wheezing was the same among the older girls and boys.
This is consistent with other studies, which usually showed
a male:female ratio of about 1.5:1 for children younger
than 15 years,5,7,8,15,40–44 with a female preponderance after
this age.5,7,41,43–45 In our study the sex ratio for wheezing in
the year before the survey (current wheezing) changed
from a male predominance in the younger group to a fe-
male predominance in the older group. The sex ratios for
rhinitis, hay fever and eczema in our study were similar to
those for current wheezing, with a shift to higher rates
among girls in the older age group.

The first phase of the ISAAC study was designed to ex-
amine the similarities and differences in prevalence rates;
information on important risk factors, such as smoking,
was not obtained in our study. The next phase of the
ISAAC study will explore possible reasons for the observed
differences.

The reasons for higher rates of asthma symptoms and
slightly lower rates of eczema symptoms in Hamilton than
in Saskatoon were not determined in this study. Dales and
colleagues13 surveyed children 5–8 years of age in 30 com-
munities in various regions of Canada and found a strong
association between wheezing and regional humidity. Fac-
tors that should be included in future investigations of re-
gional variations of prevalence rates are differences in hu-
midity, climatic conditions, air quality, and exposure to
house dust mites, mold and cockroaches.
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