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Abstract
Objectives-To study effects of time, sex, ethnic

origin, and area of residence on prevalence of
asthma in Israeli adolescents.
Design-Retrospective survey of asthma from

computerised medical draft records of conscripts
examined up to the end of 1989.
Setting-Five regional centres in Israel.
Subjects-443 186 conscripts (262 836 males and

180 350 females) aged 17-18 who were born over a
nine year period.
Main outcome measures-Asthma determined by

medical history, physical examination, and lung
function tests at rest and after exercise.
Results-Asthma was more prevalent in males

than females (26.5/1000 v 21 4/1000, relative risk 1*25
(95% confidence interval 1-19 to 1.32)). Subjects
were split into three groups according to year of
birth, and prevalence ofasthma increased over time
from 18/1000 to 24/1000 to 36/1000 (risk of asthma
0 56 (0 54 to 0 59) for first birth group relative to last
birth group and 0-69 (0-66 to 0.72) for second group
relative to last group). Risk of asthma was also
affected by ethnic origin (highest for Western origin
and lowest for north African origin, relative risk 1-63
(1.56 to 1.71)) and area of residence (highest in the
central coastal region-risk of 1*24 (1.19 to 1.30)
relative to the north coastal region-and lowest in
inland areas-risk of 0-67 (0-64 to 0.70) relative to
north coastal region).
Conclusions-Prevalence of asthma in Israel is

increasing and is higher in males, in people of
Western origin, and in those living in the most
industrialised coastal region.
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Introduction
Asthma is a leading cause of chronic disease in young

adults, and there is some evidence that its frequency
and severity are increasing.' This is difficult to assess
confidently, however, because of a lack of reliable
figures from population studies that used uniform
diagnostic criteria.2 Few studies have been made of
large cohorts"5 and fewer still have been based on
nearly a whole population.6
Our study made use of the database of conscripts of

the Israeli Defense Force. This information allowed us
to investigate the prevalence of asthma, based on
uniform diagnostic criteria, among nearly all the
Jewish population aged 17-18 in Israel over a decade.
Thus any changes that we found could not be due to
different diagnostic criteria or biased by sample
selection. The data also allowed us to evaluate the
effect of ethnic origin, demographic variations, sex,
and time on the prevalence ofasthma.

Subjects and methods
We examined the records of 443 186 subjects, more

than 95% of Jewish males and 80% of Jewish females
aged 17-18 in Israel who were born over nine years.
The characteristics of the computerised database

which held these records have been described.7 The
study population had completed their medical draft
examination by the end of 1989. During this examina-
tion the subjects had been asked whether they had ever
been diagnosed as having asthma, and whether they
suffered from recurrent wheezing, nocturnal cough,
or wheeze after exertion. All subjects who had reported
one or more of the above symptoms in the three years
before the examination were referred for examination
by a pulmonologist.
The examination by the pulmonologist included a

detailed medical history, physical examination, and
spirometry at rest. Normal spirometry at rest was
defined as a forced expiratory volume in one second of
more than 70% of the predicted value. All subjects,
except those with overt clinical signs and spirometric
evidence of severe airway obstruction, also performed
an exercise test. This included running at 5 km/h
on a treadmill inclined at 10° for six minutes while
breathing room air (22°C, 50% relative humidity).
Lung function was measured at five and 10 minutes
after completion of the exercise test, and the percent-
age fall in forced expiratory volume in one second was
determined. Asthma was diagnosed in subjects who
required regular antiasthmatic treatment; had a history
of one or more of the symptoms related to asthma in
the three years before the examination; or had a forced
expiratory volume in one second that was less than
70% of the predicted value at rest or that fell by
more than 10% after exercise.

CLASSIFICATION OF SUBJECTS

The conscripts were divided into three groups by
their birth year (each group covered three years but
exact dates cannot be given for reasons of national
security) and into four ethnic groups based on their
fathers' or grandfathers' (if the father was Israeli born)
country of birth. The ethnic groups were Israeli
(conscript, father, and grandfather born in Israel),
Western (conscript, father, or grandfather bom in
Europe, America, or South Africa), Asian (conscript,
father, or grandfather born in an Asian country), and
north African (conscript, father, or grandfather born
in north Africa). The examinations had been made in
five regional centres, and since 98-5% of the conscripts
had been examined in their local regional centre they
could be divided into five groups by their area of
residence. The regional centres were Tel-Aviv (the
central coastal area; industrialised, hot, and relatively
humid), Haifa (the northern coastal area; industrial-
ised but less hot and humid), Jerusalem (a mountainous
inland area; less populated and industrialised and
relatively dry), south (mainly the Negev desert; sparsely
populated and less industrialised), and Tiberias (an
inland rural area; not densely populated and hot
and dry).

STATISTICALANALYSIS

We computed raw prevalence of asthma in sub-
groups. Logistic modelling was used to study the
interaction and relative risk of the epidemiological
factors. In the logistic models the dependent variable,
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asthma, received a value of 0 for conscripts with
no asthma and 1 for conscripts with asthma. The
independent variables were dummy variables defining
the variables detailed in the methods section (sex,
time of birth, ethnic origin, and regional centre).
As proposed by McCullagh and Nelder,5 we used the
deviance as our generalised measure of discrepancy
in a series of nested logistic models progressively
simplified.
Using this strategy we produced parsimonious

models for the data in which terms that were not
necessary were excluded. A difference of less than
three in deviance between two nested models with one
degree of freedom difference was used as the criterion
for simplification. The results of the final logistic
models are presented as adjusted odds ratios (adjusted
relative risk for asthma relative to the missing cate-
gories) with their corresponding 95% confidence in-
tervals. The models were computed by using the IRLS
algorithm and the logistic procedure provided by SAS
6-04.9

Results
We studied the records of 262 836 male conscripts

and 180 350 females (orthodox Jewish females are not
required to undergo draft examinations) ofwhom 30%
(81 599 males and 53 264 females) were in the first birth
group, 33% (85 455 males and 59 036 females) were in
the second group, and 37% (95 782 males and 68 050
females) were in the third group; 7% (20 699 males and
10201 females) were of Israeli origin, 38% (94 998
males and 72 812 females) were ofWestern origin, 28%
(73 169 males and 50 617 females) were ofAsian origin
(mainly from the Middle East), and 27% (73 970 males
and 46 720 females) were of north African origin; and
48% (120 575 males and 90 631 females) attended the
Tel-Aviv centre, 21% (56 440 males and 37 366 females)
attended the Haifa centre, 11% (30 324 males and
16842 females) attended the Jerusalem centre, 12%
(31 545 males and 20 893 females) attended the south
centre, and 7% (19 632 males and 12356 females)
attended the Tiberias centre. The prevalence of asthma

TABLE I-Prevalence of asthma among 262 836 male adolescents by time of birth, ethnic origin, and area of
residence. Values are prevalence per 1000 subjects (numbers ofsubjects)

Ethnic origin

Area of North
residence Israeli Western Asian African Total

First birth persod
Tel-Aviv 28 (50/1785) 31 (454/14867) 19 (271/14600) 13 (111/8596) 22 (886/39848)
Haifa 15 (29/1999) 25 (165/6479) 13 (38/2839) 9 (48/5064) 17 (280/16381)
Jerusalem 19 (23/1227) 18 (55/3001) 10 (29/2811) 8 (17/2240) 13 (124/9279)
Tiberias 6 (5/850) 22 (34/1573) 7 (7/1043) 7 (16/2373) 11 (62/5839)
South 25(5/198) 16(37/2365) 11 (22/1990) 5 (30/5458) 9(94/10011)

Total* 18 (112/6086) 26 (747/28429) 16 (367/23322) 9 (222/23762) 18 (1448/81599)

Second birth period
Tel-Aviv 33 (72/2162) 39 (562/14264) 26 (357/13896) 20 (155/7594) 30 (1146/37916)
Haifa 16 (34/2138) 37 (273/7353) 25 (85/3466) 18 (101/5761) 26 (493/18718)
Jerusalem 16 (20/1267) 27 (84/3138) 11 (34/3003) 12 (31/2572) 17 (169/9980)
Tiberias 9 (8/909) 33 (64/1918) 15 (16/1034) 7 (18/2695) 16 (106/6556)
South 17 (4/240) 23 (61/2600) 14 (30/2121) 12 (67/5812) 15 (162/10773)

Total* 20 (138/6882) 35 (1055/30079) 22 (524/23856) 15 (375/24638) 24 (2092/85455)

Third birth period
Tel-Aviv 50 (123/2464) 55 (959/17336) 44 (653/14998) 39 (314/8013) 48 (2049/42811)
Haifa 22 (53/2401) 41(358/8772) 31(121/3866) 25 (156/6302) 32 (688/21341)
Jerusalem 22 (27/1213) 29 (108/3732) 23 (79/3390) 17 (47/2730) 24 (261/11065)
Tiberias 15 (16/1066) 33 (77/2368) 20 (23/1153) 13 (34/2650) 21 (150/7237)
South 23 (6/258) 29 (84/2927) 24 (49/2069) 14 (76/5507) 20 (215/10761)

Total* 30 (235/7731) 45 (1626/36490) 36 (937/25991) 25 (637/25570) 36 (3435/95782)

AMbirthperds
Total* 23 (485/20699) 36 (3428/94998) 25 (1828/73169) 17 (1234/73970) 27 (6975/262836)

*The totals include 1-5% of the conscripts who were not checked in their corresponding regional centre.

was 26 5/1000 in the male conscripts and 21 4/1000 in
the females.

Tables I and II show the prevalence of asthma in the
subgroups of the male and female conscripts. Asthma
was more prevalent in male conscripts in most of the
subgroups, and in nearly all of the ethnic and regional
groups the prevalence was higher among conscripts
who were born later. The prevalence of asthma in-
creased linearly in male conscripts from 18/1000 in the
first birth group to 24/1000 in the second group to
36/1000 in the third group, and in female conscripts
from 15/1000 to 19/1000 to 29/1000. The conscripts of
Western ethnic origin had the highest prevalence of
asthma, and those of north African origin had the
lowest. The coastal regions had a higher prevalence of
asthma than inland regions, the highest rates being
observed in the central coastal area, which is the most
densely populated and is highly industrialised.

Specialised statistical analyses validated these
observations. A logistic model was built by reduction
from a model which included all possible indicators for
sex, ethnic origin, when born, and area of residence.
This full model included 10 variables (df= 11) and was
reduced to a model that included seven variables
(df= 8) at the cost of 4-8 deviance units (not signi-
ficant). Further reduction caused a significant loss
of information.
Table III shows the results of the reduced logistic

model and summarises the influence of different
factors on the prevalence of asthma. Male conscripts
had a higher risk of being asthmatic than females
(adjusted relative risk 1 25 (95% confidence interval
1 19 to 1X32)). Conscripts of Western origin had the
highest risk of being asthmatic (adjusted risk 1X63
(1 -56 to 1 -71) relative to those of north African origin)
while conscripts of Israeli and Asian origin had a
medium risk for asthma (1I20 (1-15 to 1-26) relative to
the north African origin). The prevalence of asthma
increased over time: conscripts in the first birth group
had an adjusted relative risk for asthma of 0-56 (0 54 to
0 59) relative to conscripts in the last group while those
in the second group had a relative risk of 0-69 (0-66 to
0-72). Conscripts from coastal regions had higher risks
of being asthmatic, especially those from the Tel-Aviv
area (adjusted risk 1-24 (1 19 to 1-30) relative to the
north coastal region (Haifa)) while conscripts from
inland regions (Tiberias, Jerusalem, and south) had
lower risk (0-67 (0-64 to 0 70) relative to Haifa).

Discussion
Epidemiological studies of asthma are complicated

by the lack of a precise definition of asthma, which
prevents agreement about the criteria of diagnosis.
Diagnosis of asthma by means of only one method
(clinical examination, questionnnaires, lung function,
or reactivity) may be misleading.I 1011 The reported
prevalence of asthma in surveys of adults has also been
affected by selection of the population. In our work the
population was unselected and the diagnostic methods
are commonly accepted. Primary physicians obtained
the subjects' medical history, performed clinical
examinations, and referred subjects to a pulmonologist
for further examination and lung function tests.

EFFECT OF SEX

We found an increased prevalence of asthma in male
conscripts in all regions of the country. Similar results
have been reported with children: a study of asthmatic
American children aged from 6 months to 11 years
showed an odds ratio of 1-3 for boys versus girls,'2 and
a large British study reported signficantly more boys
than girls continuing to support asthma at 16 years
old." However, a Swedish study of children aged 7, 10,
and 14 found that the early higher incidence of asthma
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TABLE II-Prevalence of asthma among 180380 female adolescents by time of birth, ethnic origin, and area
of residence. Values are prevalence per 1000 subjects (numbers ofsubjects)

Ethnic origin

Area of North
residence Israeli Western Asian African Total

First birth period
Tel-Aviv 20 (27/1371) 22 (258/11647) 13 (130/10183) 14 (75/5365) 17 (490/28566)
Haifa 22 (12/549) 20 (102/4999) 11 (20/1758) 10 (30/3119) 16 (164/10425)
Jerusalem 17 (10/598) 11 (15/1403) 8 (13/1571) 5 (6/1150) 9 (44/4722)
Tiberias 5 (1/192) 21 (25/1194) 9 (6/643) 2 (3/1236) 11 (35/3265)
South 40 (5/126) 13 (24/1876) 14 (16/1176) 5 (14/3095) 9 (59/6273)

Total* 19 (55/2836) 20 (424/21127) 12 (185/15332) 9 (128/13969) 15 (792/53264)

Second birth period
Tel-Aviv 17 (28/1633) 27 (330/12074) 18 (196/10604) 18 (101/5695) 22 (655/30006)
Haifa 18 (12/653) 25 (138/5560) 17 (37/2224) 12 (43/3715) 19 (230/12152)
Jerusalem 12 (8/646) 16 (27/1658) 8 (15/1832) 6 (9/1415) 11 (59/5551)
Tiberias 12 (3/254) 17 (28/1644) 16 (12/754) 8 (12/1588) 13 (55/4240)
South 33 (4/123) 22 (45/2068) 17 (21/1267) 8 (29/3516) 14 (99/6974)

Total* 17 (55/3316) 25 (569/23057) 17 (281/16715) 12 (194/15948) 19 (1099/59036)

Third birth period
Tel-Aviv 37 (73/1960) 37 (519/14068) 29 (303/10599) 33 (179/5432) 34 (1074/32059)
Haifa 33 (26/784) 36 (261/7236) 29 (77/2700) 30 (121/4069) 33 (485/14789)
Jerusalem 18 (12/669) 22 (46/2101) 16 (35/2168) 17 (27/1631) 18 (120/6569)
Tiberias 26 (9/340) 25 (53/2135) 17 (14/814) 9 (14/1562) 19 (90/4851)
South 29 (5/173) 26 (62/2373) 15 (21/1443) 10 (38/3657) 16 (126/7646)

Total* 32 (129/4049) 34 (965/28628) 26 (483/18570) 23 (393/16803) 29 (1970/68050)

All birth periods
Total* 23 (239/10201) 27 (1958/72812) 19 (949/50617) 15 (715/46720) 21(3861/180350)

*The totals include 1 5% ofthe conscripts who were not checked in their corresponding regional centre.

TABLE m-Relative risk ofasthma associated with variousfactorsfor Israeli adolescents

Standardised risk of asthma
Factor a (SE) (95% confidence interval)

Sex:
Male 0-026 (0-018) 1-25 (119 to 1-32)*

Ethnic origin:
Israeli orAsian 0-186 (0-025) 1 20 (1 15 to 1*26)f
Westem 0-492 (0 0236) 1-63 (1-56 to 1-71)f

Time ofbirth:
First period -0 574 (0 0226) 0-56 (0 54 to 0 59)t
Second period -0 370 (0 0207) 0-69 (0-66 to 0-72)t

Area ofresidence:
Tel-Avivregion 0-219 (0-021) 1-24 (1-19 to 1-30)§
Tiberias, south, orJerusalem region -0 403 (0-0262) 0-67 (0-64 to 0 70)§

*Relative to females.
tRelative to north African ethnic origin.

tRelative to third birth period.
§Relative to Haifa region.

of children from Nottingham primary schools found a
prevalence ofreported asthma of6% in 1985 and 8-9%
in 1988, but the prevalence oftreatment for asthma and
wheeze did not change.2'
A similar increase in prevalence has been reported in

adults: in Medicaid patients in Michigan the prevalence
of asthma increased from 2-0% in 1980 to 2-8% in
1986'5; in Finnish young men the prevalence of asthma
increased linearly from 0-3% in 1966 to 1-8% in 19896;

in large surveys in England and Wales in 1970-1 and
1981-2 the prevalence of asthma increased from 1 2%
to 2 1% in men and from 0 9% to 1-6% in women22; and

in Swedish conscripts the prevalence of asthma
increased during 1971-81 from 1-9% to 2-9%.5 In
Denmark, however, asthma does not appear to be
increasing in prevalence.23 Studies in Israel indicate an

increase of asthma in the adolescent population24 and
an increase in asthma mortality.25 In a recent survey of
all 17 year old males in one region of Israel in 1986 and
1990 the prevalence of asthma increased from 5% to
5-9%. 26 These results are similar to ours (4-8% in the
period including 1986) and demonstrate the continuing
increase in the prevalence of asthma after the end of our
study.

EFFECT OF ETHNIC ORIGIN

Our study population consisted of conscripts of four
different ethnic origins. We found that Israelis of
Western origin had the highest prevalence of asthma
while those of north African origin had the lowest.
Some studies have reported a higher prevalence of
asthma in black American children relative to white
American children.31618 Mortality and rates of hospital
admission for asthma were higher in Maoris and Pacific
Islander children than in European children,27 but the
prevalence of asthma was not different.2728 In a large
sample of white and Mexican Americans in Arizona
ethnic origin was not associated with prevalence of
symptoms of asthma or impaired lung function.29 Some
studies have reported differences ofprevalence between
whites of different origin: a hospital based study in
Canada of asthmatic patients suggested that north
eastem Europeans and Scandinavians were more likely
to develop asthma,30 and Saskatchewan grain workers
ofBritish ancestry had a significantly greater prevalence
of airway obstruction (odds ratio 3 2) than eastern
European workers.3'

in boys gradually disappeared during childhood,'4 and

among Medicaid patients in Michigan asthma was

more prevalent in women than men even though it was
more prevalent in boys than girls.'5 A study of the
epidemiology of asthma in the United States over the
past 20 years showed asthma to be more prevalent
among males, those living below the poverty level,
persons living in the south and west, and black
subjects, but the differences were not significant. 6

EFFECT OF TIME

We found that the prevalence of asthma increased
linearly with time in male and female conscripts. This
supports the increasing prevalence of asthma reported
in industrialised countries." 1'18 Many studies have
reported an increasing prevalence in children from
1960 to 1980: a representative sample of children in
English primary schools showed a yearly increase in
asthma4; in the United States the prevalence though
not the severity of asthma increased in children aged
under 17 during 1964-80,'6andbetween 1976 and 1980
the prevalence increased among children aged 6-11
from 4.8% to 7 6%1"; asthma increased from 4% in
1973 to 9% in 1988 among 12 year old children in an
area of South Wales'9; in two epidemiological surveys
in Taiwan asthma increased from 1-3% in 1974 to
5 07% in 198520; and a questionnaire survey of parents

REGIONAL EFFECT

In our study a high risk for active asthma was found
in coastal regions, possibly due to the dampness and
the low altitude. Increasing altitude generates a gradual
decrease in dermatophagoides, thus explaining both
the clinical improvement in asthmatics living at high
altitude and the lower prevalence of asthma in popu-
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Public health implications

* The prevalence of asthma is increasing in
industrialised countries, and air pollution has
been suggested as a possible cause
* The medical records of more than 400 000
Israeli conscripts aged 17-18 who were born over
a period of nine years were studied for presence
of asthma
* The prevalence of asthma increased over
time and was higher in males, in conscripts
whose families came from Western countries,
and in those living in the most industrialised
coastal region ofIsrael
* Asthma is becoming more prevalent in Israel
as in other industrialised countries
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lations born and living there.32 The highest prevalence
of asthma was found in the central coastal region,
which is the most populated and industrialised part of
the country. Here an effect of pollution is suspected, in
agreement with the prevailing view that environmental
factors may at least partially explain the rising pre-
valence of asthma. In western Europe rapid variations
in air pollution act as a trigger for asthma attacks, but
the concentrations of air pollutants currently prevailing
in western Europe do not induce a higher incidence of
asthma.

POTENTLAL BIAS

In our study the prevalence of asthma among males
could have been biased, firstly, by conscripts who
wished to serve in field units not revealing their history
of asthma and, secondly, by conscripts falsely claiming
that they suffered from asthma in an attempt to avoid
combat service. The second bias was ruled out by the
second physical examination by a pulmonologist,
which included lung function tests.
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Drivers who defy the law

J S Mars

Holders of a British driving licence are required by law
to inform the licensing centre if they become aware of
their inability to meet the visual acuity standards.
These require the ability to read a car number plate
with figures 31/2 inches (9 cm) high at 25 yards (23 m),
with spectacles if necessary. Although there is no direct
equivalent, this approximates to 6/10 on the Snellen
chart. Previous studies, which have either been general
population surveys or have looked at patients attending
optometric practices, suggest that up to 5% of all
drivers fail to meet visual standards.' 2 The purpose of
this survey was to establish the proportion of drivers
attending an ophthalmology clinic who had inadequate
visual acuity to drive and to assess their response to
being medically advised to stop driving.

Subjects, methods, and results
From April 1992, 500 consecutive patients aged 17

or over attending ophthalmic outpatient clinics were
assessed. Their age, sex, visual acuity, diagnosis, and
driving status were recorded.

Drivers who had a binocular best corrected visual
acuity of 6/18 Snellen or worse were identified as
clearly failing to meet the visual standard. They were
advised not to drive and to report the situation to their

insurers and the Driver and Vehicle Licensing Agency.
Three months later they were reviewed.
A total of 189 patients (38%) were identified as

drivers. Twenty eight drivers had a visual acuity of
6/18 or worse, and 27 were reviewed three months
later. There was no significant difference in age or sex
between drivers with inadequate vision and drivers
with satisfactory vision. The commonest cause
of impaired vision was cataract (10 drivers; 37%),
followed by macular degeneration (six drivers, 22%);
other causes included glaucoma, keratoconus, myopic
degeneration, and panuveitis.
At review all 27 patients still had a visual acuity of

6/18 or worse. A total of 16 of the 27 admitted to still
driving despite the clear advice they had been given.
No patient who continued to drive and only five of
those who had ceased had informed their insurers or
the licensing agency. There was no significant differ-
ence in age, sex, diagnosis, or visual acuity between
those drivers with poor vision who continued to drive
and those who had stopped.

Sex, age, and vision ofdrivers attending an ophthalmology clinic

Sex Age

Men Women Median Range

Studygroup (n-500) 255 245 68 17-95
Drivers (n- 189) 116 73 60 17-93

Inadequate vision (n-27) 17 10 62 22-93
Continuing to drive (n- 16) 11 5 62 22-93
Stopping driving (n-11) 6 5 64 47-85
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