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Abstract
Background - The prevalence of asthma
and the use of asthma drugs is increasing
worldwide. Studies of the incidence of
asthma are few but are of interest in find-
ing factors associated with onset of the
disease. A study was performed to es-
timate the incidence of asthma and its
relation to sex and to tobacco smoking
between the ages of 16 and 19 years, and
to compare the incidence of asthma with
the proportion of individuals receiving a
prescription ofan asthma drug for the first
time during one year.
Methods-A questionnaire was sent in 1990
to all 3627 individuals born in 1974 living
in the county of Jamtland and Gast-
rikiand, the southern part ofthe county of
Gavleborg in central Sweden. Individuals
reporting airways disease or obstructive
symptoms were investigated with a further
interview and lung function tests. The
cross sectional questionnaire studywas re-
peated in 1993. The incidence of asthma
was calculated in the 2308 individuals who
answered the questionnaire in both sur-
veys and who were found not to have
asthma in 1990.
Results - The yearly incidence of asthma
defined from self reported disease, phys-
ician diagnosed asthma, drug use, or
asthma associated symptoms was between
0*8% and 1-3%, depending on the criteria
used. All criteria used resulted in a higher
incidence in female subjects. Female sex
was a risk factor for asthma when stand-
ardised for smoking, and smoking was also
a risk factor for asthma when standardised
for sex to all but two of the criteria used.
In all the criteria the increased risk of
asthma combined with smoking was
greater in female subjects.
Conclusion - The yearly incidence of
asthma was about 1% between the ages of
16 and 19 years. Smoking and female sex
were found to be risk factors for asthma.
The incidence of asthma was close to the
incidence ofnew drug use for asthma.
(Thorax 1995;50:260-264)
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The prevalence of asthma has been reported
to be increasing in many countries,' but these
studies are of limited value in finding factors
associated with the development of the disease.
Studies of incidence (proportion of the pre-
viously healthy population contracting the dis-

ease over a defined time) have the advantage
that the observed exposure is closer in time to
the onset of the disease. Few studies of the
incidence of asthma have been reported. In the
USA a total yearly incidence of0'4% was found
from birth to old age, with the lowest levels
occurring in late adolescence.2 Considerably
higher levels have been reported from the UK
- 0-56% in men and 0 94% in women aged
between 17 and 23 years - and a strong as-
sociation was found with the presence of atopic
disease at the time of onset of asthma.3 This
correlation did not explain the considerable sex
difference found, however, and smoking habits
were not reported.

Sales of asthma drugs vary considerably be-
tween counties in Sweden. We have reported
the prevalence of airways symptoms4 and of
obstructive airways disease5 in the counties of
Jamtland (where the use of asthma drugs is
high) and Gavleborg (where it is lower) and
found a higher cumulative prevalence of
asthma, as well as prevalence ofcurrent asthma,
in the less industrialised and urbanised but
colder county of Jiimtland.
The incidence ofthe use ofmedication - that

is, the proportion of the population receiving a
prescription for a drug for the first time - is
continuously recorded in the county of Jamt-
land. The "medication incidence" of asthma
drugs (group R03 in Anatomical Therapeutic
Chemical (ATC) classification system) in in-
dividuals aged 10-19 years was 1-3% (1-4%
females, 1-1% males) in 1990, 1-1% (1-3%
versus 0-8%) in 1991, and 1-5% (1-9% versus
1-2%) in 1992.6 There are no reports of the
incidence of asthma in Sweden.

In 1990 a postal questionnaire was sent to
all individuals born in 1974 living in the county
ofJamtland and Gastrikland, the southern part
of the county of Gavleborg. Symptomatic in-
dividuals were interviewed and examined and
asthma was diagnosed in individuals reporting
a typical history of asthma, or symptoms of
asthma and reversibility of forced expiratory
volume in one second (FEVI), peak expiratory
flow (PEF) variability, or bronchial hyper-
responsiveness. To study the incidence of
asthma and the correlation between the in-
cidence of new drug use for asthma and the
incidence of the disease the postal ques-
tionnaire was distributed to the same popu-
lation a second time in 1993.

Methods
A 22 item postal questionnaire was distributed
in February 1990 to all 3627 individuals born
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in 1974 in the county of Jamtland and in
Gastrikland. The questionnaire was answered
by 3308 individuals (91 %) after two reminders.
The study population has been described else-
where.4 All individuals reporting a respiratory
disease that was previously known, use of
asthma medication, or symptoms indicating
possible obstructive airways disease (n = 554)
and a random sample of individuals not re-

porting any of these (n = 193) were invited
to a further examination and 594 individuals
agreed. The selection and the methods used
have been described in detail elsewhere.5

In February 1993 the questionnaire was once

again sent to the same study population. Of
the original 3627 individuals 3303 were still
resident in the study area and, of these, 2734
responded. In total 2579 individuals (71% of
the initial cohort and 78% of those still resident
in the area) participated in both surveys. Those
reporting they had ever had asthma or that they
had asthma diagnosed by a physician in 1990
(n = 166) were excluded. In addition, 61
individuals who did not report asthma but
who were found to have the disease at the
examination, and 44 individuals who reported
asthma associated symptoms in 1990 but did
not take part in the examination, were ex-

cluded. The remaining 2308 individuals (1188
males and 1120 females) were considered not
to have had asthma in 1990. The incidence of
asthma was calculated by the proportion of this
group giving positive answers to questions on

diagnosis, symptoms, and medication in 1993.
Those reporting that they were smokers in

either of the questionnaires in 1990 or 1993,
and those reporting that they had never smoked
in 1990 and who stated that they were ex-

smokers in 1993, were regarded as having been
smokers during the observation period.
Ofthe 2308 individuals included in this study

117 were investigated (with interview, lung
function tests, allergy tests and PEF recordings)
as controls in the second part of the initial
survey.
The study was approved by the ethics com-

mittee at the University of Umea.

DATA ANALYSIS
Differences in the incidence between groups

were tested for statistical significance using the
x test, two tailed p value.

Results
The yearly incidence of symptoms was 2-7%
for shortness of breath and 1-7% for frequent
wheezing. The yearly incidence of asthma, cal-
culated as the proportion of the population
reporting that they had asthma or physician
diagnosed asthma, was 1 2% and 1-1% (table
1). The use of a combination of diagnosed
disease and current use of asthma medication
gave an incidence of 0-8%. The corresponding
figure for attacks of shortness of breath and
current use of asthma medication was 1 2%.
The combination of frequent wheezing and
attacks of shortness of breath resulted in the
highest incidence (1 3%), while frequent
wheezing and current drug use resulted in the
lowest incidence (0 8%). In all definitions the
incidence was significantly higher in female
than in male subjects (table 1).
The proportion of smokers and ex-smokers

was three times higher in 1993 than in 1990.

Table 1 Number of individuals and percentage ofpopulation with three year incidence of asthma and corresponding
yearly incidence

Question n % (95% CI) p(male v female) %Iyear

Attacks of shortness of breath? 186 8-1 (7-0 to 9-2) <0005 2-7
Males 74 6-2 (4-8 to 7 6) 2-1
Females 112 10 0 (8-2 to 11-8) 3-3

Do you usually have wheeze in the chest? 116 5 0 (4-1 to 5 9) 0 17 1-7
Males 52 4-4 (3-2 to 5 6) 1-5
Females 64 5-7 (4-3 to 7-1) 1.9

Have you ever had asthma? 85 3-8 (3-0 to 4-6) 0-02 1-2
Males 33 2-9 (1-9 to 39) 09
Females 52 4-8 (3-6 to 6 0) 1-5

Asthma diagnosed by physician? 74 3-2 (2-5 to 3 9) 0-02 1 1
Males 28 2-4 (1-5 to 3 3) 0-8
Females 46 4-1 (2-9 to 5 3) 1-4

Current use of asthma drgus? 93 4-0 (3-2 to 4 8) <0 005 1-3
Males 32 2-7 (1-8 to 3 6) 0 9
Females 61 5-5 (4-2 to 6 8) 1-8

Asthma diagnosed by physician and
current use of asthma drugs? 59 2-6 (2-0 to 3 3) 0 005 0-8
Males 19 1-6 (09 to 23) 05
Females 40 3-7 (2-6 to 4 8) 1-2

Attacks of shortness of breath and current
use of asthma drugs? 86 3-7 (2-9 to 4-5) <0 005 1-2
Males 30 25 (16 to 34) 09
Females 56 5-0 (3-7 to 6-3) 1-7

Usually have wheeze in the chest and
current use of asthma drugs? 52 2-3 (1-7 to 2 9) 0 01 0-8
Males 17 1-4 (0 7 to 2-1) 0-5
Females 35 3-1 (2-1 to 4-1) 1 0

Attacks of shortness of breath and usually
have wheeze in the chest? 92 4 0 (3-2 to 4-8) 0-02 1-3
Males 36 3 0 (2-0 to 4 0) 1.0
Females 56 5-0 (3-7 to 6 3) 1-7
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Table 2 Number and percentage of individuals having smoked during the observation period 1990-3 (see methods for
definition)

Smokers Ex-smokers Smokers Ex-smokers Smokers Smokers
1990 1990 1993 1993 1990-3 (n) 1990-3 ('a)

Total 3-6 2-1 9 4 7-3 356 15-4
Males 2-8 1-4 7-2 6-7 151 12-8
Females 4-4 2-7 11-6 7-9 205 18-2

More female (18%) than male subjects (13%)
had smoked during the observation period
(table 2).
Female sex was a risk factor for incident

asthma with all ofthe criteria tested, even when
adjusted for smoking habits. The odds ratio for
female subjects compared with males varied
from 1-5 (95% CI 1-0 to 2-3) to 2-2 (1-3 to
3-7) (table 3). When adjusted for sex, smoking
during the observation period was a significant
risk factor using self reported disease, dia-
gnosed asthma, and frequent wheezing in com-
bination with current drug use or attacks of
shortness of breath as criteria for asthma, but
not when diagnosed asthma or attacks of short-
ness of breath were used in combination with
current drug use.

In male subjects smoking was associated with
a significantly increased risk of developing
asthma only when defined by shortness of
breath and wheezing (table 3). In female sub-
jects self reported disease and combinations of
symptoms, or symptoms and current asthma
medication were significantly more common in

smokers than in non-smokers, the odds ratio
being 2-0 to 2-9 (table 3). However, physician
diagnosed asthma and current use of asthma
drugs were almost as common in non-smoking
women as in those who smoked (odds ratio
11).

The 117 individuals investigated as controls
in the previous study had a marginally higher
incidence than those who previously had only
answered a questionnaire when self reported
disease (1-4% versus 1-2%) and physician dia-
gnosed disease (1-4% versus 1-0%) were used
as criteria for asthma. A combination of re-
current wheezing and attacks of shortness of
breath resulted in a yearly incidence of 1-1%
in controls and 1-3% in those not previously
examined. Ofthe previously examined subjects
17% were smokers compared with 15% of
those not investigated. None of the differences
was statistically significant.

Discussion
A sex difference in the incidence of asthma in
teenagers has been reported previously.' In this
paper we report results that confirm this differ-
ence and indicate that differences in smoking
habits, and the risk associated with smoking,
may partly explain the observed differences.
Female sex does, however, seem to be a risk
factor for developing asthma independent of
exposure to tobacco smoking between the ages

of 16 and 19.
This study illustrates some of the difficulties

associated with studies ofincidence. We started
out with a total year cohort of 3600 16 year olds
and studied the relations between a common

disease and a common potential risk factor with
acceptable response rates, but only found a

limited number of incident cases from which
to draw conclusions.
The incidence ofasthma is usually studied by

comparing results from repeated cross sectional
questionnaire studies in a population. In the
present study the question "have you ever had
asthma?" was answered positively by 3-7% of
male subjects and 5-9% of female subjects who
had answered the question negatively three
years previously. As the design of the study
included an intervention with an extensive ex-

amination and establishment of diagnoses in
individuals reporting symptoms in the initial
survey, this approach was not appropriate in
the present study. The method used could
be expected to result in a somewhat lower
incidence than the comparison of two ques-

tionnaires. On the other hand, the results are

likely to be more valid as individuals who ac-

tually had asthma at the time of the initial
survey, but did not yet know it, were excluded.
We have chosen to exclude all subjects with

past or present asthma reported in 1990, as well
as the 44 individuals who reported symptoms at
the initial survey who did not take part in the
following examination. The reasons for the
exclusion of these 44 individuals were not ob-

Table 3 Odds ratios (95% confidence intervals) for incidence of asthma using different criteria
Criteria for incidence of asthma Sex (femalelmale) Smoking Smoking Smoking

standardised for (smokerslnon-smokers) (smokerslnon-smokers), (smokerslnon-smokers),
smoking standardised for sex males females

Have you ever had asthma? 1-6 (1-1 to 2-5) 2-2 (1-3 to 3-6) 1-4 (0-5 to 3-9) 2-7 (1-5 to 4-8)

Asthma diagnosed by physician? 1-7 (1-1 to 2-7) 1-9 (1-1 to 3-4) 1-7 (0-6 to 4-8) 2-0 (1.0 to 4-0)

Asthma diagnosed by physician
and current use of asthma drugs? 2-2 (1-3 to 3-7) 1-0 (0-5 to 1-8) 0-8 (0-2 to 3-5) 1-1 (0-5 to 2-4)

Attacks of shortness of breath and
current use of asthma drugs? 1-9 (1-2 to 3-0) 1-6 (0-9 to 2-6) 0-5 (0-1 to 20) 2-1 (1-2 to 3-6)

Usually have wheeze in the chest
and current use of asthma drugs? 2-1 (1-1 to 3-7) 2-1 (1-1 to 3-8) 0-9 (0-2 to 4-0) 2-7 (1-4 to 5-1)

Attacks of shortness of breath and
usually have wheeze in the chest? 1-5 (1-0 to 2-3) 2-7 (1-8 to 4-2) 2-3 (1-1 to 4-7) 2-9 (1-7 to 4-8)
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vious; four of them reported that they had
diagnosed asthma in the second survey and
three used asthma medication. As it is probable
that they also had asthma in 1990 we have
excluded them from from the calculations with
a risk of a slight underestimation of the in-
cidence as a result.
By definition, incidence will always be stud-

ied in a previously investigated population. The
impact of the previous investigation is largely
unknown but it could be expected to raise
the incidence. The influence of an extensive
examination 2-3 years previously in controls
in the initial survey was small, however, and
the influence ofanswering a questionnaire three
years before was probably negligible.
The criteria used to define asthma have a

considerable impact on the results. The defin-
itions including self reported disease all had a
high specificity, while the sensitivity was lower
when validated against asthma associated
symptoms and signs of bronchial lability (un-
published observations). The figures based on
selfreported disease reported here are therefore
probably minimal values for the incidence of
asthma.
The incidence rates found in this study were

generally higher than those reported by And-
erson et al in individuals aged 17-23 years3
and by Sherman et al in 7-23 year olds.7 The
estimated incidence using recurrent wheezing
and use of asthma drugs was, however, close
to that reported previously, and was also close
to the incidence of new drug use for asthma.
The results suggest that the incidence ofasthma
in late adolescence is about 1 %, and that there
is a sex difference with a higher incidence in
female subjects.
The reason for the increased incidence of

asthma in women is unknown. The incidence
is not affected by the age at onset of menarche
or puberty, indicating that hormonal factors
are not the principal explanation.8 The relation
between the incidence of asthma and atopic
disease does not differ between the sexes and
does not explain the observed differences in
incidence.3
Although parental smoking is correlated

with childhood asthma9 and bronchial hyper-
responsiveness is more prevalent in smokers
than in non-smokers independent of sex'0 (even
if not always when standardised for differences
in FEVI),"1 the correlation between smoking
and asthma is not clearcut in adults.' A sig-
nificantly increased risk of developing asthma
has been reported in some studies for women
(but not men) who smoke,'2 and in others for
men (but not women) who smoke.'3 Neither
the prevalence nor the incidence of asthma was
found to be influenced by smoking habits in
one large survey,'4 while Dodge and Burrows
found a significantly increased risk for asthma
incidence among smokers.2 The increased risk
found in their study may, however, reflect
different diseases, especially in older age groups
where chronic bronchitis or emphysema was
often concomitantly diagnosed. In the present
study the correlation between smoking and the
incidence of asthma was indisputable. Such a
correlation is probably more easily found in a

young population where chronic obstructive
pulmonary disease (COPD) is rare, rather than
an older population in which COPD could be
expected to influence the diagnoses given to
smokers.

In male subjects who smoked only the criteria
based on symptoms alone resulted in a signfic-
antly increased risk for asthma compared with
those who did not smoke. In female smokers,
on the other hand, all criteria except physician
diagnosed asthma in combination with current
use of antiasthmatic drugs resulted in a higher
risk. There are a number of possible ex-
planations for these findings including: (1) a
sex difference in the number of cigarettes
smoked; (2) a tendency in male subjects with
airway symptoms not to start smoking; (3) a
tendency among males who smoke to consult
a doctor less often, even when they have re-
spiratory symptoms; and (4) a true difference
between the sexes in the risk of asthma induced
by smoking.

In this study we have no information on
the number of cigarettes smoked, but in our
previous study in which 600 16 year olds were
interviewed there was no sex difference in the
number of cigarettes smoked. The proportion
of non-smoking male subjects with airway
symptoms in 1990 who had started to smoke
in 1993 was somewhat higher than in those
without symptoms (5i6% versus 3 4%). In fe-
male subjects the "smoking incidence" did not
differ between symptomatic and asymptomatic
individuals. There was a moderately lower
medical consultation rate for airway symptoms
among male subjects who smoked during the
observation period and reported attacks of
shortness of breath than among those who did
not smoke (33% verus 47%). This difference
was also seen in female subjects (37% versus
51%). None of these factors seems to explain
the observed differences, however, and a true
sex difference in the susceptibility to smoking
seems likely.

In conclusion, there is a substantial incidence
of asthma in subjects in their late teens. The
incidence is higher in female than in male
subjects, independent of smoking, but female
subjects may have an increased risk for de-
veloping asthma if they smoke. The incidence
found in this population study is close to the
incidence of new drug use for asthma in the
county of Jamtland, and data on the use of
asthma drugs can be used to estimate the in-
cidence of asthma. The findings emphasise the
importance of campaigns to reduce tobacco
smoking, particularly in young women.
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of Jamtland, The Swedish Association against Asthma and
Allergy, "Forenade Liv" Mutual Group Life Insurance Com-
pany, Stockholm, Sweden, and The King Oscar II Jubilee Fund.
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