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ABSTRACT: There is evidence that the incidence and severity of asthma are in-
creasing worldwide, but there are limited data on asthma in Israel. The aim of this
study was to investigate the prevalence and severity of asthma and asthma symptoms
in 13±14 yr-old schoolchildren in Israel.

The self-completed questionnaire used was a modified version of that developed by
the International Study of Asthma and Allergies in Childhood (ISAAC), and was
administered to a national sample of 12,918 children.

The prevalence of asthma ever, wheezing ever and wheezing in the last 12 months
were 13.7, 23.8 and 17.9% respectively. Significantly higher rates of a history of
asthma and asthma symptoms were observed in Jews compared with Arabs. Although
asthma ever was more prevalent in males than in females, asthma symptoms were
significantly more common in females. The type of area of residence had no effect on
the prevalence of wheezing. The ethnic differences in the prevalence of asthma per-
sisted after controlling for sex, district of residence and level of urbanization.

The prevalence of both asthma and asthma symptoms in Israel are slightly above
the mean reported from 10 other countries in Europe and the Far-East.
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There is growing evidence that morbidity and mortality
caused by asthma are increasing in many parts of the world
[1±3]. In Israel, there is limited information on the pre-
valence of asthma in schoolchildren. In a large-scale
survey conducted in 1992, parents of 2,160 children aged
6±10 yrs completed questionnaires. The results indicated
greater prevalence of asthma in Jews than in Arabs, and in
urban than in rural areas [4]. In addition, there are several
reports on asthma in 17-yr-olds examined prior to in-
duction into the military [5±7]. These studies demon-
strated a greater prevalence of asthma in those born in
1969±1971 than in those born in 1963±1965 [5]. A sig-
nificant increase in the prevalence of asthma ever, from
5.7% in 1980 to 11.2% in 1989 was demonstrated in a
study carried out in four cohorts of schoolchildren living
around a new power plant in Israel [8].

In the absence of a uniform definition of asthma, it has
been difficult to compare the results of such studies with
others performed in different places and at different time
periods. To counter this problem, the International Study of
Asthma and Allergies in Childhood (ISAAC) formulated a
questionnaire for the purpose of making international
comparisons of asthma prevalence and severity [9]. This
questionnaire has been used in >56 countries, in 155 col-
laborating centres, and has allowed worldwide assess-
ment of the self-reported symptoms of asthma, allergic
rhinitis and atopic eczema [10, 11].

The aim of the present study was to use the ISAAC pro-
tocol to investigate the prevalence and severity of asthma
and asthma-related symptoms in Israel in a national sample
of schoolchildren aged 13±14 yrs.

Materials and methods

Sample

The calculated sample size that would allow meaningful
comparisons between Jews and Arabs, and residents of
urban and rural areas was 10,000. To obtain a representa-
tive sample of 13±14-yr-old schoolchildren, 141 schools
were chosen at random by district from a list of schools
provided by the Israel Ministry of Education. The samp-
ling unit was a school; for each school sampled, all eighth-
grade children were included in the study. The number of
schools selected from each district was weighted for the
total number of eighth graders in that district and the
number of children attending each school. For technical
logistical reasons, the following population groups were
not included: Druze and Bedouin, comprising 26% of the
Arab population, as well as some Ultra-Orthodox Jews,
comprising 5% of the Jewish population.

The study was carried out during the first 2 weeks of
May 1997. The parents of the children in the selected
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schools received an explanatory letter with a reply slip to
return if they did not want their child to participate in the
study. Children who were absent from school on the day of
the study were asked to complete the questionnaire on a
specified day in the following month.

Questionnaire

The entire ISAAC standard written core questionnaire
for wheezing and asthma was used [9]. The items covered
wheezing ever, wheezing in the last 12 months, frequency
of attacks of wheezing, asthma ever, exercise- related
wheezing in the last 12 months, dry cough at night in the
absence of cold in the last 12 months, speech-limiting
wheezing in the last 12 months and sleep disturbance due
to wheezing in the last 12 months. A question was added
regarding a current diagnosis of asthma. All question-
naires were completed in class, and teachers were in-
structed not to help the children with the answers. All
responses were anonymous.

Definitions

Children who answered "yes" to the question "Do you
have asthma or spastic bronchitis?" were considered to
have current asthma. The term "spastic bronchitis" was
used as this is more commonly used by the public. In
accordance with the definition of the Israel Ministry of
Interior Affairs, residential areas with <2,000 inhabitants
were considered rural, and those with $2,000 residents
were considered urban. The assignment of a district to each
place of residence was done according to the allocation of
the Israel Ministry of Interior Affairs. The severity of
asthma was assessed by means of the prevalence of spe-
ech-limiting wheezing and the percentage of children who
had had more frequent attacks (four or more) of wheezing
in the last 12 months.

Statistical analysis

Statistical analysis was performed with the SAS package
(SAS Institute, Inc., Cary, NC, USA). In accordance with
ISAAC guidelines, "missing" responses were included in
the denominators for the univariate analysis. Comparisons
between the prevalence of asthma and asthma symptoms
by sex, ethnic group and place of residence were per-
formed using the Chi-squared test. To evaluate variables
associated with asthma while controlling for possible con-
founding variables, the multivariate logistic regression
model was used and adjusted odds ratios were calculated.

Results

Response rate

The original sample included 14,041 schoolchildren
from 141 schools. Of these, 1,123 children were excluded
for the following reasons: 1,030 questionnaires (16 scho-
ols) never arrived at their destination and 93 children (10
schools) had severe mental retardation. The revised sample

included 12,918 schoolchildren (9,961 Jews and 2,957
Arabs) of whom 11,157 completed the questionnaire (over-
all response rate, 86.4%). The reasons for nonresponse are
summarized in table 1. The response rate of the Arab
children was significantly higher than that of the Jewish
children (91.1 versus 85.0%, p=0.01). A further 1,100
questionnaires were not included in the analysis for the
following reasons: 994 (seven schools) were lost in the
post; 36 (one class) were excluded, since 23 of the chil-
dren reported having been diagnosed with asthma (in-
formation which was refuted by the school nurse); and 70
because the children did not identify their sex.

Prevalence of asthma

The prevalence of current asthma and asthma ever by
ethnic group, sex and urbanization are reported in table 2.
Significantly higher rates were observed in Jews than in
Arabs (7.8 versus 4.9% for current asthma and 16.2 ver-
sus 6.7% for asthma ever, p=0.001). Compared with fe-
males, males had a slightly greater prevalence of current
asthma (p=0.26), and a significantly higher rate of asthma
ever (15.0 versus 12.5%, p=0.001). Higher rates of cur-
rent asthma and of asthma ever were noted in urban areas
than in rural areas (p=0.03 and 0.008, respectively). An-
alysis by district yielded slight yet significant differences
for both current asthma and asthma ever, with the lowest
rates in the Northern district and Jerusalem district (table
3). These differences remained when the analysis was car-
ried out separately for the Jewish population. No signi-
ficant differences were noted between Jewish children
born in Israel or elsewhere. There were also no differ-
ences in prevalence between the 13- and-14 yr-olds.

Symptoms of asthma

Wheezing ever, was significantly more common in Jews
than in Arabs (28.2 versus 11.4%, p=0.001), as were symp-
toms that are generally associated with more severe dis-
ease, such as multiple attacks of wheezing in the last 12
months, speech-limiting attacks and sleep disturbance
caused by wheezing in the last 12 months (table 2). Com-
pared with males, females had significantly higher rates
of wheezing attacks in the last 12 months, exercise-re-
lated wheezing, speech-limiting wheezing and dry cough
at night (table 2). The only significant difference noted for
symptoms of asthma by type of area of residence was a
significantly higher prevalence of dry cough at night in
the last 12 months in urban areas (p=0.03) (table 2). The

Table 1. ± Reasons for nonresponse by ethnic group

Original
sample

Jews Arabs

Subjects n 12918 9961 2957
Parents refused n(%) 305 (2.4) 167 (1.6) 138 (4.7)
Absence from school

n(%)
1251 (9.7) 1152 (11.6) 99 (3.3)

Schools refused n(%) 78 (0.6) 78 (0.8) -
Incomplete

questionnaires n(%)
127 (0.9) 101 (1.0) 26 (0.9)

Total n(%) 1761 (13.6) 1498 (15.0) 263 (8.9)
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prevalence of symptoms of asthma in different districts
resembled the distribution of asthma (table 3), with the
Northern district, and Jerusalem district having lower
rates compared with Tel Aviv district and the Central and
Southern districts. In particular, low rates of exercise-
related wheezing and speech-limiting wheezing were fo-
und in the Northern district.

Multivariate analyses

Multiple logistic regression analysis was performed to
evaluate the effect of the demographic factors on the pre-
valence of asthma and asthma symptoms (table 4). Popu-
lation group (Jewish) was significantly associated with
current asthma (OR (odds ratio) 1.50, 95% confidence
interval (CI) 1.18±1.89, p=0.0007), asthma ever (OR
2.38, 95% CI 1.96±2.89, p=0.0001), wheezing ever (OR
2.62, 95% CI 2.25±3.05, p=0.0001) and wheezing in the
last 12 months (OR 2.11, 95% CI 1.79±2.48, p=0.0001).
Sex (male) was significantly associated with asthma ever,
whereas symptoms of asthma such as wheezing ever and

wheezing in the last 12 months were significantly lower
in males than in females. When the Northern district was
taken as a reference, Tel Aviv district and the Central and
Southern districts showed, in general, significantly higher
prevalences of asthma and asthma symptoms (ORs 1.26±
1.48). In the multivariate analysis, the effect of area of
residence lost its significance, and only wheezing in the
last 12 months reached borderline significance (OR 1.16,
95% CI 0.99±1.36, p=0.07).

Discussion

This study provides, for the first time, the prevalence
rates of asthma and asthma symptoms in a nationwide
sample of schoolchildren in Israel. The prevalence rates
among 13±14-yr-old schoolchildren were 7.0% for current
asthma, 13.7% for asthma ever, 23.8% for wheezing ever
and 17.9% for wheezing in the last 12 months. The use of
the standard ISAAC questionnaire, which has been proven
to be a valid instrument for the determination of asthma
symptoms [12], permits comparison of Israel with other
countries.

Table 2. ± Prevalence of asthma and asthma symptoms by ethnic group, sex and urbanization

Prevalence %

Total Jews Arabs Males Females Urban Rural

Subjects n 10057 7436 2621 4990 5067 8500 1457
Current asthma 7.0 7.8+ 4.9 7.3 6.8 7.3* 5.7
Asthma ever 13.7 16.2+ 6.7 15.0+ 12.5 14.2** 11.5
Wheezing ever 23.8 28.2+ 11.4 22.2+ 25.4 24.2 23.4
Wheezing in the last 12 months 17.9 20.8+ 10.0 16.1+ 19.8 18.6 16.0
$4 attacks of wheezing in the

last 12 months
4.9 5.8+ 2.7 4.8 5.2 5.2 4.1

Exercise-related wheezing in the
last 12 months

19.2 22.8+ 9.3 15.9+ 22.5 19.4 19.5

Speech-limiting wheezing in the
last 12 months

6.2 6.7+ 4.8 4.7+ 7.9 6.3 5.9

Sleep disturbance in the last 12 months
<1.week-1 4.6 5.2+ 2.8 4.1+ 5.1 4.7 4.5
$1.week-1 3.4 2.3 6.4 2.7 4.0 3.5 2.4

Dry cough at night in the absence of
cold in the last 12 months

22.9 24.2+ 19.3 20.3+ 25.5 23.4* 20.9

Comparisons were performed between: Jews and Arabs; males and females; and urban residents and rural residents. *: p<0.05; **:
p<0.01; +: p=0.001.

Table 3. ± Prevalence of asthma diagnosed, asthma symptoms and allergy by district

Prevalence %

North Haifa Central Tel Aviv Jerusalem South p-value

Subjects n 2304 2143 1803 1609 915 1283
Current asthma 4.9 7.4 7.4 8.1 5.8 9.1 0.001
Asthma ever 9.0 12.3 14.8 19.5 11.4 17.5 0.001
Wheezing ever 15.5 21.8 27.7 30.2 22.3 29.7 0.001
Wheezing in the last 12 months 12.5 17.0 21.1 21.8 15.8 21.7 0.001
$4 attacks of wheezing in the last 12 months 2.9 5.5 6.2 6.0 4.1 5.5 0.001
Exercise-related wheezing in the last 12 months 12.9 18.2 22.0 23.7 21.2 21.7 0.001
Speech-limiting wheezing in the last 12 months 4.5 6.7 7.0 6.8 5.8 7.0 0.005
Sleep disturbance in the last 12 months
<1.week-1 3.4 4.7 4.8 4.9 4.3 6.0 0.001
$1.week-1 4.1 4.7 2.8 2.4 2.6 2.5

Dry cough at night in the absence of cold in the
last 12 months

19.1 22.3 26.3 22.1 9.1 24.9 0.001
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There are no comparable studies in Israel. In a study
carried out on schoolchildren (6±10 yrs old) in Israel, the
overall prevalence of asthma reported by the parents was
6.4%, close to the rate in the present study [4]. In another
study, carried out on 13±14-yr-old schoolchildren, as part
of a health monitoring system operating in the vicinity of
a new power plant, the prevalence of asthma ever was
11.2% in 1989 [8]. A lower prevalence of asthma (2.5%)
was found in 1989 in 17-yr-old adolescents examined in
the drafting office [7].

On an international basis, marked variations in the pre-
valence of asthma symptoms, with up to 15-fold dif-
ferences between countries, was reported from phase 1 of
the ISAAC [10, 11]. Studies of the same age group in
Malta, Uruguay, Kuwait and Panama showed similar pre-
valence rates of asthma ever, wheezing ever and whe-
ezing in the last 12 months. Lower rates were reported
from Greece, China, Hong Kong, Finland, Morocco and
Singapore, and higher rates from the UK, New Zealand,
Australia, Canada, the USA, Australia and Ireland [10,
11, 13±20].

The present study demonstrates significantly higher
prevalence rates of asthma and asthma symptoms in Jews
than in Arabs. These differences remained significant in
the multivariate analysis. Since the differences in preva-
lence were not confined only to the diagnosis of asthma,
but extended also to wheezing ever, wheezing attacks in
the last 12 months and severe attacks limiting speech, the
authors believe that these findings cannot be attributed
solely to underdiagnosis of asthma in the Arab population
due to limited accessibility to health services. Furthermore,
population group differences in the prevalence of asthma in
Israel had previously been reported in 6±10-yr-old school-
children [4].

In that study, the prevalence in Arabs living in rural
areas was significantly lower than that in Jews living in
rural areas (2.9 versus 8.7%). There was also a significant
difference in the prevalence of asthma between Arabs and
Jews living in urban areas (6.6 versus 9.2%). Similarly, in
the present study, the population group differences in the
prevalence of asthma persisted after controlling for sex,

area of residence and district. Since the response rate in the
Arab children in the present study was significantly higher
than that in the Jewish children (table 1), mainly because
more Jewish children were absent from school, the pre-
valence of asthma and asthma symptoms in Jewish chil-
dren could be higher than estimated, and so also the
differences in the prevalence between Jews and Arabs. It
is possible that these population group differences could
be attributed to other confounders that were not con-
trolled in this study (i.e. socioeconomic status).

Males reported asthma ever more often than females,
and there was no significant sex difference in the preva-
lence of current asthma. However, symptoms of asthma
and parameters that are generally associated with more
severe disease were significantly more prevalent in fe-
males. Similar findings were reported from the UK [18],
where female children reported more wheezing in the last
12 months, but less asthma ever. Significantly higher
rates of asthma symptoms in females were also reported
in a study carried out in four countries: Australia, En-
gland, Germany and New Zealand [19]. These findings
are in accordance with studies showing a male predom-
inance for wheezing during the first decade of life, which
is reversed around the time of puberty [21, 22]. In Hong
Kong, higher prevalences of respiratory symptoms were
found in male schoolchildren [16], but, when severe res-
piratory symptoms were considered, the sex difference
became less obvious. Although one explanation for the
observed sex difference in the severity of asthma could be
a tendency of females to overestimate the severity of the
disease, the fact that this is a worldwide observation
supports this difference being real.

In the present study, urban areas had slightly higher pre-
valence of current asthma and asthma ever than rural
areas. However, these differences were not significant in
the multivariate analysis. Only a few studies have add-
ressed the question of the association between level of
urbanization and the prevalence of asthma. Lower rates of
asthma in children living in rural areas were reported from
Israel [4]. In Italy, a greater degree of urbanization was
associated with chronic cough and nocturnal cough but

Table 4. ± Effects of demographic factors on the reported prevalence of asthma and asthma symptoms

Current asthma Asthma diagnosed Wheezing ever Wheezing in the
last 12 months

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Population group
Arabs 1.00 - 1.00 - 1.00 - 1.00 -
Jews 1.50 1.18±1.89 2.38 1.96±2.89 2.62 2.25±3.05 2.11 1.79±2.48

Sex
Female 1.00 - 1.00 - 1.00 - 1.00 -
Male 1.11 0.95±1.29 1.26 1.12±1.41 0.85 0.78±0.94 0.79 0.71±0.88

Urbanization
Rural 1.00 - 1.00 - 1.00 - 1.00 -
Urban 1.25 0.98±1.60 1.17 0.98±1.40 0.97 0.86±1.13 1.16 0.99±1.36

District
Northern 1.00 - 1.00 - 1.00 - 1.00 -
Haifa 1.36 1.05±1.76 1.12 0.92±1.37 1.15 0.98±1.35 1.14 0.95±1.35
Tel Aviv 1.25 0.93±1.69 1.48 1.20±1.85 1.39 1.17±1.67 1.23 1.01±1.50
Central 1.24 0.93±1.64 1.19 0.97±1.48 1.34 1.13±1.59 1.28 1.07±1.55
Jerusalem 0.93 0.65±1.33 0.86 0.66±1.12 1.00 0.81±1.23 0.92 0.73±1.16
Southern 1.44 1.10±1.96 1.29 1.03±1.63 1.34 1.11±1.61 1.22 1.00±1.50

OR: adjusted odds ratio; CI; confidence interval.
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not with increased prevalence of wheezing [23]. In con-
trast, higher prevalence rates of asthma and wheeze were
found in nonmetropolitan areas than in metropolitan
areas in the UK [18]. Since the term "rural" areas was
used for small places of <2,000 residents in the present
study, whereas in other studies it was used to describe
cities of <100,000 inhabitants, the results are not really
comparable [18, 23].

Within Israel, the Northern and Jerusalem districts had
the lowest prevalence rates of asthma and asthma symp-
toms, whereas the Tel Aviv and Southern districts had the
highest rates. These differences remained significant in a
multivariate analysis. These findings are, in part, in ag-
reement with a previous study on 17-yr-old adolescents,
which showed lower prevalences of asthma in the Northern
and Jerusalem districts, but, in contrast with the present
study, also in the Southern district [5]; however, the de-
finition of the districts was different in the earlier study.
The geographic differences in asthma rates may be
explained by the higher altitude of the Northern and
Jerusalem districts, and by different levels of air pollu-
tants in these districts [24]. An association between asth-
ma morbidity and levels of air pollutants was reported in
the Haifa and Tel Aviv districts [25, 26].

In conclusion, the present study provides data which
could serve as a reliable baseline for future comparative
studies on the prevalence of asthma and asthma symptoms
in Israel. The observed population group differences be-
tween Jews and Arabs should be further explored and
might offer some clues as to the pathogenesis of this dis-
ease.
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