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Abstract
To establish the prevalence ofasthma and
wheeze in 12 year old children in a region
with low background pollution levels, a
population of children resident in the
Highland Region of Scotland was studied
by questionnaire supported by objective
data.
A respiratory questionnaire was dis-

tributed to the parents of 1919 children
aged from 12-13 years and attending
secondary schools in the educational div-
isions of Lochaber, Ross and Cromarty,
and Inverness including Skye in Highland
Region to ascertain history of wheeze and
parental awareness of a diagnosis of
asthma. Peak expiratory flow (PEF)
measurements were carried out before
and after a standardised exercise test.
Ozone levels were noted.

Questionnaires were completed by 1825
parents (950/o of those invited) and 1702
(930/0) of those returning questionnaires
took part in the exercise test. The overall
prevalence of reported asthma was 14%
and wheeze 25%. Defined as a fall in
PEF of more than 15% with exercise, the
overall prevalence of exercise induced
bronchospasm was 90/o. In Skye the preva-
lence ofreported asthma was 17%, wheeze
28%, and exercise induced bronchospasm
300/o. There were no significant differences
between areas for reported asthma or
wheeze. There was, however, a highly
significant difference between areas for
exercise induced bronchospasm, most of
which was accounted for by the very high
incidence in Skye, which is one ofthe most
rural of the areas studied.
The results of this study do not support

the hypothesis that asthma is commoner
in urban than rural areas, whether we
compare the Highlands with the rest ofthe
UK or areas within the Highlands, or
whether we examine reported symptoms
or exercise induced bronchospasm. The
results do not support an association
between atmospheric pollution and the
prevalence ofasthma.
(Arch Dis Child 1994; 71: 211-216)

Asthma is the commonest chronic disorder of
childhood with a low mortality but a significant
morbidity.1 Although a review of prevalence
studies since 1984 showed little evidence of an
increasing trend that could not be explained by
the different methods used in each study,2 two

recent studies demonstrate an apparent
increase in the prevalence of asthma that is not
easily explained by changing definitions of
asthma or different methodology. The study by
Burr et al of 12 year old Welsh children showed
an increase in reported asthma from 6% to
12% over the 15 years from 1973 to 1988,
which was supported by objective evidence
from an exercise test showing an increase in
both mild and severe asthma.3 The prevalence
ofwheeze also rose from 17% to 22%. A recent
survey of Aberdeen schoolchildren using the
same questions but a different method of
application as a study 25 years previously,4
showed an increase of reported asthma from
4I1%to 102/2o between 1964 and 1989, with a
similar increase for wheeze.
The reasons for the increasing prevalence of

wheeze and asthma are unclear but environ-
mental factors such as air pollutants including
ozone have been implicated. The Swedish
study by Andrae et al suggests that pollutants
may act synergistically to increase bronchial
hyper-reactivity and allergy in children.5 A
review of the literature by Abramson and Voigt
concluded that respiratory symptoms are
associated with ozone and other pollutants but
also suggested the need for further research.6 A
study of a remote and relatively unpopulated
and unpolluted area within the UK would
therefore be of interest.
The Highland Region of Scotland is free

from heavy industry and there is evidence to
suggest low pollution levels. The busiest road
in the Highland Region is in Inverness, with a
traffic flow of 23 000 vehicles per day whereas
the M25 London ring road, for example, has in
excess of 120 000 vehicles per day (informa-
tion courtesy of Highland Regional Council).
Ozone levels in the Highlands are recorded at
the Strath Vaich site. In 1989/90 levels were
the lowest in the UK with only 28 exceedences
beyond 60 parts per billion (ppb) hourly mean
ozone concentration. This can be compared
with the recordings at Lullington Heath, a
rural site in south east England with 400 hours
when ozone exceed 60 ppb.7 8
A study carried out by Inverness District

Council between July 1992 and June 1993
showed that nitrogen dioxide levels in
Inverness were within the EC air quality 'limit'
value (information courtesy of Inverness
District Council).
At 25 304 ian2, the Highland Region is the

largest region in Scotland, covering one third
of the country. In contrast the total population
of 204 200 accounts for only 4% of Scotland's
inhabitants. The population density in the
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Highland Region is therefore only eight
persons per kin2, which is low compared, for
instance, with Lothian in south east Scotland
which has a population density of 427 persons
per km2 (figures courtesy ofHighland Regional
Council and provisional census 1991, General
Register Office, Edinburgh). Within the
Highland Region there is considerable varia-
tion in population density, from the small city
of Inverness with a population of 42 914 to the
scattered crofting communities on the island of
Skye.
The present study therefore examines the

prevalence of asthma and wheeze in 12 year
olds in a unique region with low pollution.

Subjects and methods
The population sample for the study com-
prised children in their first year at secondary
school with a date of birth between 1.3.79 and
29.2.80 attending schools in the educational
divisions of Lochaber, Ross and Cromarty,
Inverness-shire, and Skye. Of the 27 secondary
schools in the area, 23 were included in
the study; two private schools and two schools
for children with profound learning difficulties
were excluded, each having four or fewer
children in the age group being studied. For
practical reasons, 48 children with dates of
birth within the study range but attending
primary schools were not included.

Children were selected by deciding statisti-
cally the minimum number of children to
be seen according to school size, using the
sampling procedure guidelines of the British
Association for the Study of Community
Dentistry.9 Pupil rolls for the first years in the
schools studied ranged from seven to 204,
according to class register at the time of the
study. For small schools (pupil roll in first year
<100; 12 schools) all pupils were invited; for
medium sized schools (pupil roll 100 to 150;
five schools) one in two pupils were selected
from the class register; for larger schools (pupil
roll > 150; 6 schools) one in three pupils were
selected from the class register. The pupils
were selected randomly and without prior
knowledge of their medical status. Where
possible more than the calculated minimum
number of children took part in the study.
The questionnaire and exercise test for this

study have been used previously in several
studies by Burr et al,3 10 but additional
questions regarding birth place, and period of
residence were included. In March/April 1992
questionnaires were distributed by the schools

Table 1 Symptoms reported on questionnaire;figures are number (%o)

Reported No reported
asthma asthma Boys Girls Total
(n=236) (n= 1466) (n=888) (n=814) (n= 1702)

Wheeze ever 234 (99) 189 (13) 232 (26) 191 (23) 423 (25)
Wheeein last 12 months 205 (87) 123 (8) 186 (21) 142 (18) 328 (19)
Wheeze with cold 209 (89) 147 (10) 197 (22) 159 (20) 356 (21)
Wheezewithoutcold 211 (89) 113 (8) 185 (21) 139 (17) 324 (19)
Wheezewithrunning 196 (83) 116 (8) 171 (19) 141 (17) 312 (18)
Wheezewithanimals 77 (33) 20 (1) 51 (6) 46 (6) 97 (6)
Wheeze with food, worry,

excitement, other reasons 119 (50) 43 (3) 99 (11) 63 (8) 162 (10)
Breathlesswheeze 208 (88) 73 (5) 167 (19) 114 (14) 281 (17)
Noctumal wheeze 181 (77) 68 (5) 145 (16) 104 (13) 249 (15)

to the parents of the children selected to
take part. Second questionnaires were sent to
non-responders and, where possible, the
reasons for not replying were established.
'Reported asthma' was based on the response
to the question 'Has your child ever suffered
from any of the following? ... asthma.'
Wheeze was defined by a positive response to
the question 'Has a wheeze - that is, a
whistling noise (high or low pitched) ever been
heard coming from your child's chest?'

Exercise testing was performed using the
protocol described by Burr et al (and personal
communication).3 10 Exercise induced bron-
chospasm was defined as a fall in peak
expiratory flow (PEF) with exercise of greater
than 15%. Exercise testing was carried out
between April and June 1992 by four teams of
observers who had taken part in a training day
to ensure that techniques were standardised
according to the protocol. Children were seen
in groups of 10-15 in an indoor hall at school
between 9 am and 4 pm. Questionnaires were
checked for completeness and inconsistencies.
A note was made of treatment that had been
taken on the test day. Where possible the
procedure had been explained in advance to
allay any anxiety regarding the nature of the
exercise test; in the more remote areas an
explanation was given on the test day.

Height was measured after the children had
removed their footwear. Tanner's standard
measurement technique was used with a
Microtoise measuring instrument (Child
Growth Foundation). Each child was given a
numbered label that corresponded to the peak
flow meter used, to ensure that the same
instrument was used before and after exercise
by the same child and the same observer. PEF
before exercise was measured five times for
each pupil using a mini-Wright peak flow
meter (Clement-Clarke). Any pupil whose
PEF was less than 70% of the predicted value
for height was excluded from running in order
to avoid exercising a child with broncho-
constriction at rest. The subjects then ran,
under supervision, as fast as possible, for
exactly six minutes, having ensured that no
exercise was taken before testing.
To ensure that the exercise represented a

workload sufficient to result in broncho-
constriction, that is, sufficient to induce a
tachycardia of 170 or more, the heart rate was
measured by palpation of the radial pulse
within two minutes of completing the exercise.
As bronchoconstriction has been shown to
reach a peak five minutes after exercise, 1 each
pupil rested for five minutes after exercise
before repeating five PEF measurements.
The mean of the three highest readings was
calculated separately for exercise before and
after PEF.12

Instrument variability was examined by
10 healthy adult females performing PEF
measurements on all the meters both before
and after the study.
Dry and wet bulb temperatures were

recorded using a whirling hygrometer (Astell
London Ltd) for each group of children while
they were exercising. The time of the exercise
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Table 2 Reported asthma, residence, and place of birth;
figures are number (%o)

Subjects in study Reported asthma
(n= 1702) (n=236)

Where bom
Highland Region 1238 (73) 175 (74)
Scotland outside
Highland Region 306 (18) 40 (17)

Elsewhere 158 (9) 21 (9)
Lived in Highland Region (years)
>10 1339 (79) 190 (81)

5-10 177 (10) 19 (8)
<5 186 (11) 27 (11)

test was noted, and Strath Vaich ozone data for
the study period were obtained from Warren
Spring Laboratory, Stevenage.
To test for bias in the selection of or partici-

pation by subjects for the study, the medical
records of the children invited to participate
were compared with those of the children
not invited. The diagnosis of asthma for
this purpose was based on the school medical
records which included a questionnaire
completed routinely by parents before the
pupils' entry to secondary school, that is, less
than one year before the study.

Data were entered into a computer
database, validated and cross checked to
reduce errors, and inconsistencies were

checked with subjects and parents. Statistical
packages used were Mini-tab and programs
written by Professor David Kerridge.

Before starting the study, ethical approval
was obtained from the ethics committee of the
Highland Health Board.

Results
STUDY POPULATION

The area studied covered 17 663 km2 with
a total population of 164 320, comprising
80% of the Highland Region's population
(provisional census data, General Register
Office, Edinburgh 1991).
A total of 1919 children were invited to

participate. In 19 of the schools all the children
were invited to participate. In the remaining
four schools the children were selected as

described, for practical reasons. Altogether
1825 (95°/O of those invited) returned ques-
tionnaires and 1702 (93% of those returning
questionnaires) took part in the exercise test.
Of the secondary school pupils who were not

invited to participate (165 boys and 161 girls),
subsequent examination of the medical records
showed that in 24 (7%) the parents were aware

of the diagnosis of asthma. Ofthe children who
participated, the parents of 9% were aware of
the diagnosis of asthma, according to the
school medical records. The school medical
records of the 94 pupils (5%/o of the total

invited; 51 boys and 43 girls) who declined to

participate in both the survey and exercise test

were also examined and showed that six
(6%) were asthmatic. Reasons for not taking
part included leukaemia, social factors, and
confidentiality.

QUESTIONNAIRE DIAGNOSIS, SYMPTOMS, AND
TREATMENT
From table 1 it can be seen that 25% of
subjects had wheezed during their lifetime.
Nineteen per cent of the pupils had wheezed
within the last year with the commonest
triggers for wheeze being colds and exercise.
Of those taking part in the exercise test,

asthma was reported on the questionnaires
of 146 (16%) boys and 90 (1 1%) girls.
Inhalers were used by 265 (16%) of those
exercising.

RESIDENCE IN THE HIGHLANDS AND AREA OF
BIRTH

The number of years that the children have
resided in the Highlands is shown in table 2
with 73%/o of children being native to the
Highlands and accounting for 74% of the
asthmatics.

EXERCISE TEST - POPULATION STUDIED
Altogether 123 subjects completed the
questionnaire but did not participate in the
exercise test: 20 because of physical conditions
(congenital heart disease, fractures), one with a

respiratory condition (nasal problems), 70
because of absence on the test day, and 32
who refused exercise because of peer pressure,
overweight, or social reasons.

A total of 1702 performed a PEF measure-

ment before exercise and 1640 after exercise.
Of the 62 not performing PEF measurements
after exercise, 13 had an initial PEF <70% and
were not exercised, 41 were unable to run six
minutes, seven were too dizzy or wheezy after
exercise to perform a measurement, and one

sustained an eye injury on the way to the gym.
In all 1688 ran and 1647 completed the six
minutes of exercise.

The mean (SD) height of the subjects was

153 (8) cm for boys and 155 (7) cm for girls.
Mean heart rate after exercise was 154 (19)
beats/min. There was no appreciable differ-
ence in heart rate after exercise between boys
or girls, nor between asthmatics and non-

asthmatics. The mean heart rate after exercise
for Skye children was the lowest of all the
schools with a mean of 130 (10) beats/min
(range 98-148).

Table 3 Results of exercise test; figures are number (%o)

Current wheeze No Total
(within last Reported reported taking part
12 months) asthma asthma Boys Girls in exercise
(n=328) (n=236) (n= 1466) (n=888) (n=814) (n= 1702)

PEF <70% before exercise and not exercised 2 (1) 3 (1) 10 (1) 9 (1) 4 (1) 13 (1)
Unable to run 6 minutes 22 (7) 20 (9) 21 (1) 12 (1) 29 (4) 41 (2)
Too dizzy or wheezy to perform PEF after exercise 5 (2) 4 (2) 3 (0) 2 (0) 5 (1) 7 (0)
Fall in PEF >15% with exercise 80 (24) 62 (26) 89 (6) 80 (9) 71 (9) 151 (9)
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Table 4 Geographical variation in observed prevalence;figures are number (%)*

Largest town or Fall in PEF Unable to Total
village Reported Wheeze >15% with complete PEF taking part in
(total population) asthma ever exercise after exercise exercise test

Inverness Inverness (42 914) 70 (15) 110 (23) 33 (7) 12 (2) 481
Lochaber Fort William (10 774) 22 (10) 54 (24) 24 (10) 11 (5) 229
Nairn, Strathspey, Fort

Augustus, Black Isle Naim (8316) 44 (14) 76 (24) 21 (7) 6 (2) 322
Easter Ross Alness (5907) 69 (15) 131 (28) 36 (8) 20 (4) 474
Skye Portree (2561) 18 (17) 30 (29) 32 (30) 9 (9) 105
Wester Ross Ullapool (1541) 13 (14) 22 (24) 5 (5) 4 (4) 91
Total 236 (14) 423 (25) 151 (9) 62 (4) 1702

*Row0/

EXERCISE TEST - RESULTS
The results of the exercise test provided
objective evidence to support the questionnaire
findings. PEF results before and after exercise
were compared, and the difference expressed
as a percentage of the result before exercise.
Results in relation to diagnosis are illustrated
in table 3.
Of the 62 asthmatics with a greater than

15% fall in PEF with exercise, 21 had used an
inhaler within eight hours of exercise. There
was no significant correlation between percent-
age change in PEF and ambient temperature
(r=0-07), relative humidity (r=-0-05), or
heart rate (r=0-03).

GEOGRAPHICAL RESULTS
These are shown in table 4. The division into
areas was based on areas noted before the
study to have specific health needs or social
deprivation. These areas are not synonymous
with the educational divisions described in
the method for defining the study area.
Skye showed the highest prevalence within the
Highlands for both reported asthma and
exercised induced bronchoconstriction.

MACHINE VARIABILITY
The design of the study made it necessary to
use 58 peak flow meters but these were
checked against each other and intermachine
variation was found to be negligible. In
contrast, the SD in PEF before exercise for
all the subjects was 60: for boys 61 and girls 58.
However, as the study was based on com-
parisons of PEF before and after exercise
rather than on absolute PEF values, the effects
of intermachine variability would in any case
be slight.

ENVIRONMENT
Within each school the asthmatics and
non-asthmatics exercised under the same
conditions.

Table S Comparison ofHighland Region with Wales and Aberdeen (%o)

Repotd Wheeze during Fall in PEF > 15%
asthma lifetime with exercise

New Zealand 17 27 12-2
Highlands of Scotland 14 25 9
Wales 12 22-3 7-7
Aberdeen 10-2 19-8* Not applicable, survey only

*Wheeze in last three years.

Mean dry bulb temperature recorded during
exercise was 19°C (range 13-28); mean rela-
tive humidity was 63 (range 36-89). One of
the lowest mean temperatures was recorded
on Skye with a value of 15°C (range 13-16)
and a mean relative humidity of 71 (range
62-80).
Mean (SD) hourly ozone was 40 (11) ppb

with a maximum of 76 ppb (provisional ozone
data from Warren Spring Laboratory, Strath
Vaich site). The World Health Organisation
guidelines of 76-100 ppb for hourly concentra-
tion were not exceeded during the period April
1992 to June 1992.

Discussion
METHODOLOGY - PATIENT SELECTION
The identification of subjects for this study was
based on well recognised selection procedures9
and there is no reason to believe that there was
any systematic selection bias. Examination of
the school medical records of children invited
to complete questionnaires, children not
invited, and children who completed question-
naires but did not undertake an exercise test,
showed no significant difference between the
three groups in the prevalence of asthma as
reported by the parents.

METHODOLOGY - QUESTIONNAIRE
As there is no satisfactory definition or specific
diagnostic test for asthma, questions were
included regarding symptomatology and
treatment. Parental reporting of asthma was,
however, included and it is interesting to note
the discrepancy between parental knowledge
of a diagnosis of asthma and the symptom of
wheeze.

Questionnaires result in errors due to poor
recall or variable interpretation of questions. It
has been suggested, however, that recent
wheeze, diagnosed asthma, and exercise
wheeze are useful questions for epidemiologi-
cal purposes as opposed to questions regarding
night cough that are probably of little value in
prevalence studies.13

METHODOLOGY - EXERCISE TEST
The method used for exercise testing is
important. Free running as used in this
study has been shown to be a reliable method
for assessing bronchial hyper-responsiveness,
with normal subjects having an upper limit
of 14% for fall in PEF with exercise.3 11 In
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contrast, Ninan and Russell found that a cold
air enhanced exercise test using a bicycle
ergometer was an unsatisfactory tool for
epidemiological surveys, possibly because
they exercised their children until they attained
a predetermined change in heart rate, rather
than seeking to achieve the maximum exercise
tolerated. 14 The humidity of the inspired
air is also a factor; Hahn et al suggest that
airways response depends on the degree of
water loss rather than on the cooling of the
airways.'5
PEF measurements made with the mini-

Wright peak flow meter used in this study
correlate well (r=0 995) with those made using
the standard instrument,16 as used in the
Welsh study by Burr.3 10
Numerous studies have demonstrated both

over and under estimation ofPEF with various
instruments.'7 In this study each child acted as
his own control, with the same instrument
being used by the same child, and the result
documented by the same observer before and
after exercise. The variation of PEF within
each subject was very much greater than
variation between instruments. The SD for
PEF in this study was in line with the figure of
60 that is quoted in standard respiratory
tables.'8 The figures for SD in PEF quoted by
Cotes et al are 78-4 for boys and 70-6 for
girls,'9 which suggest that the within subject
variation in our study was not excessive.
The questionnaire identified a greater

number of asthmatics than the exercise test;
this is to be expected as asthmatics may not
demonstrate bronchial hyper-responsiveness
on the particular test day because of the inher-
ent variability of asthma, and the control
afforded by treatment. The converse is also
true, with some asymptomatic subjects
showing a significant fall in PEF with
exercise.20 Moreover, it may be worthwhile
detecting milder or even asymptomatic
asthmatics; mortality does not always correlate
with the severity of the symptoms and death
can occur even in those subjects with mild
symptoms.2' Exercise test results must
therefore be interpreted with caution, but a
positive result in association with clmical
symptoms strongly suggests a diagnosis of
asthma.

PREVALENCE OF EXERCISE INDUCED
BRONCHOCONSTRICTION
This study may underestimate exercise
induced bronchoconstriction as the mean
heart rate was less than that recommended
(170 beats/min) for inducing maximum
bronchoconstriction,22 although we were
unable to demonstrate any correlation between
the change in PEF and the heart rate after
exercise..

GENDER DIFFERENCES
Although more boys than girls are asthmatic
there is little gender difference for bronchial
hyper-reactiVity,23 and this study supports
these observations.

COMPARISON WITH OTHER REGIONS
It is not possible to compare different studies
in detail as different methodology is used.
Exactly the same protocol, however, was used
in the Highlands as in Cardiff 3 and New
Zealand,24 thereby allowing some comment on
the figures presented in table 5.

Several studies have shown a higher
prevalence of asthma in urban areas compared
with rural areas in non-industrialised
countries.25-27 Higher prevalence figures in
western society suggest that asthma is a disease
of civilisation.

In the UK, the Highland Region of
Scotland, a predominantly rural area, has a
higher prevalence rate for asthma and wheeze
than more urban areas such as Aberdeen and
Cardiff (raw data not available for statistical
analysis), suggesting that in this country the
prevalence is not necessarily higher in urban
than in rural areas.

Evidence from New Zealand also supports
this view. New Zealand is similar to the
Highlands of Scotland in terms of a mountain-
ous terrain and a mainly agricultural economy,
although the population density is different28
(New Zealand population density 58 per kM2,
Highlands six per kM2). Using the same
protocol and involving one of the authors of
the Welsh study, the results from New Zealand
showed a higher prevalence of asthma than the
Highlands (table 4). The differences between
countries are greater for asthma than for
wheeze suggesting that differing diagnostic
criteria may account for some of the differ-
ences between studies.

DIFFERENCES WITHIN THE HIGHLAND REGION
There was no difference in the prevalence of
reported asthma between the natives of the
Highlands and the incomers to the Highland
Region, suggesting that in this age group
environmental factors are more important
than genetic factors in the aetiology of the
condition. This view is supported by Strachan
et al who showed that until the age of 11
regional differentials for asthma and wheeze
were related to region of current residence
rather than region of birth, and that the
difference between migrants and non-migrants
was negligible.29
The prevalence of asthma and wheeze in

some schools is higher or lower than that in the
total population studied. The interpretation of
this finding is difficult in view of the small
numbers involved, with the exception of Skye
where the study group numbered 105 and the
prevalence of exercised induced bronchospasm
was much higher than in the general population;
the significant (p<0-001) difference between
areas in the prevalence of exercise induced
bronchospasm was almost entirely due to this
excess. In general the results within the
Highland Region suggest that relatively urban
areas such as Inverness (definition based on
population size) do not have a higher prevalence
of asthma or wheeze than rural areas (table 5).
These differences in asthma prevalence

between the Highland Region and other parts
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of the world, and between different areas

within the Highland Region, are likely to
reflect environmental differences on which we

can only speculate. Possible factors include
allergens, although the triggers identified by
our subjects (table 1) do not differ significantly
from those identified in studies elsewhere.3 24

Climatic differences,30 31 such as rainfall, have
been implicated in asthmatic attacks. The
rainfall figures for the study period show that
rainfall in the west of the Highland Region (for
example, Lochcarron, Wester Ross 163 mm
rainfall during April 1992) was higher than
that on the east of the Highland Region (for
example, Inverness 37 nmm April 1992)
however, we have insufficient information to

comment further. Social factors might also be
important. In general, the family income in the
Highland Region is low and may well affect
disease prevalence through differences in

housing and lifestyle. It is fashionable to

ascribe the recent increase in the prevalence of
asthma to atmospheric pollutants, such as

nitrogen oxides, which have been implicated in

the high prevalence of respiratory symptoms

and asthma in western society. Pollution can

undoubtedly trigger asthmatic attacks and
affect lung function but the evidence regarding
the role of pollutants in the development of
asthma is much less certain.5 6 32 Low pollu-
tion levels suggested by traffic volumes, nitro-

gen dioxide levels in Inverness, and ozone data
suggest that pollution is unlikely to be a major

factor in explaining the prevalence of asthma
and wheeze in the Highlands of Scotland. A
recent German study also supports this view,

as no significant difference was shown in the
lifetime prevalence of wheeze in two areas

differing in pollution levels, despite the
possible difficulties in diagnostic labelling for

asthma and bronchitis.33
In order to explain the reasons for the high

prevalence of asthma and wheeze in the
Highland Region, and the high prevalence of
exercise induced bronchospasm in Skye,
further study is required. It is, however,
unlikely that pollution is a major factor in the
aetiology of asthma in this population.
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