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ABSTRACT: The purpose of this study was to establish incidence rates for a wide
range of respiratory symptoms and asthma, and relate them to sex, age, and smoking
habits.
A cohort established in 1985 as a random sample from the population of Western

Norway, aged 15–70 yrs, was followed-up in 1996–1997. Of the initial cohort of 3,786
subjects, a total of 2,819 replied to mailed questionnaires at both baseline and follow-up.
The 11-yrs cumulative incidence of asthma was 4.0% in males and 3.5% in females.

For respiratory symptoms, the cumulative incidences for both sexes varied between
2.0% (dyspnoea grade 4) and 25.8% (wheezing), being higher in females than males for
most symptoms. For calculation of odds ratios (ORs) multivariate logistic regression
analyses were used. The sex and smoking-adjusted incidences increased by age for all
symptoms except wheezing and attacks of dyspnoea. Those starting to smoke within
the follow-up had ORs of 1.9–2.2 for the cough symotoms compared to never-smokers,
after adjusting for sex, age, and pack-yrs.
To conclude, the 11-yrs incidence of dyspnoea increased with increasing pack-yrs,

after adjusting for sex, age, and changes in smoking habits. This indicated that when
analysing other risk factors, adjustment has to be made for the risks posed by smoking,
sex and age.
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Community studies on the incidence of asthma
in adults have mainly been based on self-reported
information. The participants9 access to health ser-
vices, the diagnostic preferences of their doctors, and
the recall of the participants may bias such studies.
Compared to a diagnosis, respiratory symptoms are
more unspecific, but are less subject to the biases
discussed earlier. Various respiratory symptoms are
predictors of hospitalization [1] and disability [2]
from respiratory disease, as well as increased mortality
[3].

Several community studies in North America [4–8]
and Europe [9–15] have examined the incidence
of respiratory symptoms and asthma. Most of the
studies have examined smoking habits only at base-
line. Only two [4, 13] of the studies have examined the
relationship of changes in smoking habits during the
follow-up to the incidence of respiratory symptoms.
Most of the studies have included less than three
respiratory symptoms [6, 8–10, 12, 15] and several of
the studies are restricted to specific groups i.e. sex
[8, 9] or age [8, 14, 15]. No population-based data, on
several respiratory symptoms in a wide age span of
the population, is available from Northern Europe.
None of the studies cited earlier have examined the
incidence of various degrees of breathlessness in
males and females separately.

The objective of the present study was to assess

the 11-yrs incidence of asthma and respiratory symp-
toms in a North-European general population. How
these incidences varied by sex, age and smoking was
examined also.

Methods

Subjects and study design

The baseline study was conducted in 1985, and the
details of the data collection have been described
previously [16]. In the county of Hordaland, Western
Norway, 1.8% of the population aged 15–70 yrs were
randomly sampled and sent a questionnaire regarding
respiratory symptoms, disease, smoking, and occupa-
tional airborne exposures. Of these initial 4,992
subjects, 3,786 lived in the city of Bergen or the 11
surrounding municipalities. This subsample of 3,786
subjects was the basis for a follow-up in 1996/1997,
where the subjects were invited to an examina-
tion including lung function testing. Included in the
invitation was a questionnaire. This follow-up ques-
tionnaire was similar to the questionnaire in 1985
regarding respiratory symptoms, asthma, and smok-
ing, but added some questions relating to education
and family history. Of the initial 3,786 subjects in
1985, a total of 3,370 (89.0%) replied to the initial
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questionnaire or one of the two reminders. A total
of 189 subjects died between 1985–1996, leaving
3,181 subjects eligible for follow-up. A total of
2,819 (88.6%) returned the questionnaire after two
reminders.

The questionnaires

The exact wording of the questions on all respira-
tory symptoms and asthma is given in the Appendix.
The questions on respiratory symptoms and asthma
have been validated previously against lung func-
tion and bronchial reactivity [17] and compared with
the British Medical Research Council questionnaire
on chronic bronchitis [18]. Changes in smoking habits
were defined by whether they were never-, ex-, or
current smokers at baseline and follow-up, and
recoded into five categories: never-to-never, non-to-
current, current-to-current, current-to-ex, or ex-to-ex.
The non-to-current group consisted of both never-
to-current and ex-to-current smokers. Subjects giving
inconsistent replies, like current-to-never, were
excluded from the analyses. One pack-yr was defined
as 20 cigarettes?day-1?yr-1. For the pipe smokers,
1 pack-yr was defined as having smoked 50 g of
tobacco?week-1?yr-1. The information obtained by
the questions on smoking habits has been validated
previously against thiocyanate [19]. The cumulative
incidence was defined as the number of new cases
at follow-up having a symptom or asthma, divided
by the subjects at risk of becoming symptomatic or
asthmatic, that is those not having the symptom
in question or asthma at baseline [20]. In this study,
the term cumulative incidence to yearly incidence
was used for two reasons: Firstly, the data collection
at baseline lasted 2 months. At follow-up it lasted
8 months due to the inclusion of a clinical examina-
tion. Thus, some subjects had a follow-up period
that was 6 months longer than others. Secondly, it is
not known at what time the incident event occurred
within the 11 yrs of follow-up.

Statistical analysis

Logistic regression, with the likelihood ratio test,
was used to estimate the adjusted odds ratio (OR)
and 95% confidence interval. The incidence of the
symptom in question or asthma was the dependent
variable, and sex, age, changes in smoking habits,
and pack-yrs were independent variables. Increasing
pack-yrs showed a linear relationship to the incidences
of the symptoms and asthma, and was used as a
continuous variable. For age, the relationship was
more complicated, with a marked increase in inci-
dence after the age of 50. Thus, age was modelled as
a grouped variable with three categories. All first-
order interactions between the independent variables
were examined, amounting to a total of 66 separate
regression analyses. A p-value of 0.01 was considered
significant for the interactions, to reduce the possibi-
lity of a type-1 error. Otherwise, a p=0.05 was used.

When calculating the incidence of, for example,

dyspnoea grade 3, both those being asymptomatic
and those having dyspnoea grade 1 or 2 at baseline
were incident cases. Thus, the incidence of dyspnoea
grade 2–4 did not take into account the magnitude
of the increase. To examine this aspect, a log-linear
regression model with a three categories outcome
variable was used. The three categories of out-
come were an increase in dyspnoea of 1, 2, or more
grades. The variable changes in smoking habits were
not significant predictors in the model, and were
excluded, leaving sex, age, and pack-yrs as indepen-
dent variables.

Results

The characteristics of the study population are
given in table 1. There were slightly more females
in the oldest age group than males. More females
were never-to-never smokers, whereas a larger number
of males were current-to-ex and ex-to-ex smokers.
Amongst current or exsmokers at follow-up, mean¡SD

pack-yrs were 17.1¡14.6 for males and 12.1¡9.8 for
females.

Within the study population, there was a marked
increase in the prevalence of all symptoms and asthma
between baseline and follow-up (table 2). This
increase was lowest for dyspnoea grade 4 and high-
est for wheezing. For all symptoms the increase in
prevalence was higher in females than males, in most
cases by a factor ofw2. This difference in increased
prevalence between sexes reached statistical signifi-
cance for all symptoms except phlegm cough, dys-
pnoea grade 1, and attacks of dyspnoea.

The cumulative incidences for asthma and the 10
respiratory symptoms are given in table 3. The inci-
dences of asthma and phlegm cough were slightly
higher in males. Daytime cough had similar incidences

Table 1. –Characteristics of the Hordaland follow-up study
cohort

Males Females

Total 1352 (48.0) 1467 (52.0)
Age in 1985 yrs
15–29 489 (36.2) 491 (33.5)
30–49 541 (40.0) 573 (39.1)
50–70 322 (23.8) 403 (27.5)

Changes in smoking habits#

Never-to-never 427 (32.9) 631 (45.6)
Non-to-current 67 (5.2) 68 (4.9)
Current-to-current 395 (30.4) 381 (27.5)
Current-to-ex 157 (12.1) 136 (9.8)
Ex-to-ex 253 (19.5) 167 (12.1)

Pack-yrs}

0 427 (32.9) 631 (45.3)
1–9 312 (24.1) 392 (28.1)
10–19 270 (20.8) 226 (16.2)
20z 287 (22.1) 144 (10.3)

Data are presented as n (%). #: some subjects were not
included in these categories due to lack of reporting of
smoking, or inconsistencies; }: not all subjects responded to
questions about the number of cigarettes they smoked per
day or the number of years they had smoked.
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in both sexes, whereas all the other symptoms showed
a higher incidence in females, by a factor of 1.2–1.9.
The incidences of attacks of dyspnoea and wheezing
were highest in the youngest age group. For the other
symptoms and asthma, the incidences were highest
in the oldest age group. The incidence of all grades of
dyspnoea were 2–3 times higher in the oldest age
group, than in the other age groups. Current smokers
at follow-up (i.e. non-to-current and current-to-
current smokers) had 1.5–2 times higher incidences
of wheezing and cough than never-to-never smokers.
The current-to-ex group had the highest incidence
of asthma and dyspnoea grade 2–4. The incidence of
asthma and all symptoms, except dyspnoea grade 4,
increased with increasing number of pack-yrs.

After adjusting for age, changes in smoking habits,
and pack-yrs, the incidence for the dyspnoea symp-
toms and wheezing were higher in females than males
(table 4). The incidence of asthma and all symp-
toms, except wheezing and attacks of dyspnoea, were
increased in those aged w50 yrs after adjusting for
sex and smoking habits. The non-to-current and
current-to-current smokers had an increased inci-
dence of the cough symptoms, even after adjusting
for pack-yrs, sex, and age. Pack-yrs smoked was a
risk factor for increased incidence of all symptoms
and asthma, including the cough symptoms, after
adjustment for changes in smoking habits, sex, and
age.

Of the 66 interaction analyses, only three reached
statistical significance. Those were the interactions
between age and pack-yrs and age and changes in
smoking habits for morning cough, and between age
and changes in smoking habits for dyspnoea grade 1.
With higher age, the effect of pack-yrs diminished.
OR per 10 pack-yrs increase in smoking for the
incidence of morning cough was 2.2 in those aged
15–29 yrs, 1.4 in those aged 3–49 yrs, and 1.0 in those
aged w50 yrs. In the interaction between age and
changes in smoking habits, the adjusted ORs for
dyspnoea grade 1 in current-to-current smokers, as
compared to never-to-never smokers, was 2.3 in the
age group 15–29 yrs, 1.4 in the age group 30–49 yrs,

and 0.6 in those aged 50–70 yrs. The corresponding
figures for morning cough were 2.4, 1.9, and 0.7,
respectively.

Females had higher ORs for the incidence of
dyspnoea regardless of the magnitude of the increase
(table 5). In those agedw50 yrs, the OR for a small
(D1) increase in dyspnoea was 1.4, for a modest
increase (D2) 2.1, and for a large increase (D3–4) 2.4.
Pack-yrs were significant predictors for all degrees
of increase of dyspnoea, with no apparent trend
between varying degrees of increases.

Discussion

The 11-yrs cumulative incidence for asthma was
3.7%. For the other respiratory symptoms the corre-
sponding figures varied between 2.0% (dyspnoea
grade 4) and 25.8% (wheezing). Being female was an
independent predictor for increased incidence of all
symptoms except daytime cough and phlegm when
coughing, while no difference was observed for the
incidences of asthma. The sex- and smoking-adjusted
incidences increased by age for all the symptoms
except for attacks of dyspnoea and wheezing. Non-
to-current and current-to-current smoking tended to
have higher incidences of the cough symptoms as
compared to never-to-never smokers, while such a
trend was not found for the dyspnoea symptoms.

There are some methodological aspects to consider.
Arguably, the leading cause of bias in a cohort study
from a general population is loss to follow-up. Both at
baseline and at follow-up the response rate was high,
at 89%. A total of 81% of the initial sample replied to
both questionnaires. Further, the baseline sample was
representative to the study population with respect
to the distribution of sex, age, smoking habits, and
respiratory symptoms [16]. Finally, the authors ana-
lysed whether inclusion of only initial responders or
all responders at follow-up affected the relationship
between sex, age, and changes in smoking habits and
the incidence of the respiratory symptoms [21]. No
changes in the incidences were found. Prior studies

Table 2. –Prevalence of respiratory symptoms and asthma at baseline and follow-up

Males# Females} All subjectsz

1985 1996/1997 Increase 1985 1996/1997 Increase 1985 1996/1997 Increase

Respiratory symptoms
and asthma
Asthma 3.6 6.4 2.8 2.9 5.6 2.7 3.4 6.0 2.6
Morning cough 23.7 24.7 1.0 18.2 25.0 6.8 21.1 24.9 3.8
Daytime cough 13.4 15.5 2.1 9.1 14.7 5.6 11.9 15.1 3.2
Chronic cough 11.5 12.1 0.6 8.0 12.3 4.3 10.0 12.2 2.2
Phlegm cough 25.0 26.3 1.3 17.2 21.1 3.9 20.7 23.6 2.9
Dyspnoea grade 1 15.2 18.9 3.7 20.4 25.2 4.8 19.1 22.2 3.1
Dyspnoea grade 2 8.1 12.1 4.0 11.8 20.1 8.3 11.2 16.2 5.0
Dyspnoea grade 3 2.1 4.4 2.3 2.3 6.5 4.2 2.9 5.5 2.6
Dyspnoea grade 4 1.0 1.6 0.6 1.0 2.9 1.9 1.4 2.3 0.9
Attacks of dyspnoea 11.3 12.7 1.4 13.0 15.9 2.9 12.2 14.4 2.2
Wheezing 22.0 35.7 13.7 18.5 36.5 18.0 20.6 36.1 15.5

Data are presented as %; #: n=1,352;
}: n=1,467;

z: n=2,819.
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have analysed the smoking exposure differently. The
most common model is by dividing the smokers at
baseline into never-, ex-, and current smokers [7, 10–
12]. Two studies have examined the relationship
between changes in smoking habits and the incidence
of symptoms, thus categorizing smokers as never-to-
never, current-to-ex etc. [4, 13]. The advantage of this
latter approach is to enable an analysis of differences
in incidence amongst those starting to smoke within
the follow-up period. However, with only two obser-
vational points in the cohort study, the incident event
could theoretically precede this change in smoking
habit, a problem avoided with the baseline approach.
The problem with the baseline-only approach to the
smoking exposure is that it could have underestimated
the effect of smoking. A never-to-current smoker is
likely to have a higher risk than a never-to-never
smoker, however, both are classified as never-smokers
at baseline.

Although several studies have noted a recent rise
in asthma prevalence [22–25], a convincing rise in
asthma incidence has not been found. Previous cohort
studies on asthma incidence [5, 6, 8, 10, 12, 13, 15]
have reported annual figures varying from 0.10% [13]
to 0.49% [12] in males, and from 0.17% [15] to 0.52%
[12] in females. The findings in this study indicate
a yearly incidence of 0.36% for males, and 0.32%
for females. The studies cited were conducted from
1959–1996. These studies revealed no trends towards
a higher or lower incidence. Theoretically, an increas-
ing prevalence, and a stable incidence could imply that
the remission rate is decreasing. However, the inter-
pretation should be cautious as the incidence studies
of asthma differ in diagnostic criteria of the disease,
as well as composition of the study population.

Of the previous studies on incidence of symptoms,
two have found higher incidences of dyspnoea in
females compared to males [4, 13]. One of these
studies found a higher incidence of cough symptoms
in males compared to females [13]. In the study by
KRZYZANOWSKI et al. [13], females in Tucson had
higher incidences of asthma than males, whereas in
Cracow no difference between sexes was found. Other
studies have found similar incidences of asthma in
males and females [12], age-specific sex differences [6],
or a higher asthma incidence in females [15].

In the present study, females had higher incidences
of all the respiratory symptoms, except for phlegm
when coughing. Furthermore, it was observed that the
magnitude of the increase in dyspnoea was higher
in females than in males after adjusting for age
and smoking habits (table 5). Previous studies have
shown that females tend to under-report phlegm
when coughing [26]. If this were the case in the
present cohort, it would mean that although the
crude incidences of all symptoms were higher among
females, the crude incidence of asthma was higher
among males (4.0% versus 3.5%, table 3). This lack of
correlation between symptoms and asthma between
sexes can in principle have two different explana-
tions. First, symptoms in males and females could
be inherently different, representing either a differ-
ence in the underlying disease mechanism, or a
difference in the perception of the symptom. In aT
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study by KAUFFMANN et al. [27], females were found
to report more shortness of breath than males for
any given forced expiratory volume in one second
deficit. Females have been found also to have a
more sensitive cough reflex, given an equal cough
stimulant [28, 29]. Furthermore, it has been argued
that females are more perceptive to breathlessness
than males, due to cyclical hormonal variations [26].
However, this cannot explain the sex difference in
dyspnoea found at ages w50 yrs. Second, asthma
could be underdiagnosed in females, or overdiagnosed
in males.

Age w50 yrs was an independent predictor of the
incidence of asthma, all the cough symptoms, and all
degrees of dyspnoea. This could have been due to
cumulative exposure to factors other than smoking,
like dust or gas, exposure in the workplace. With
increasing age, an increase in comorbidity of other
diseases, like heart disease causing dyspnoea, and
gastro-esophageal reflux disease causing cough, would
be expected. Finally, the age trend could reflect a
cohort effect. Those in the oldest age group might
have experienced exposures in early life to a higher
extent than today9s younger age group. Those expo-
sures might cause symptoms in later life.

Similar trends in the incidence of asthma, and the
cough and dyspnoea symptoms have been observed
by other studies [6, 12, 13], although in the Tucson
study [13] there was no age trend for the inci-
dence of chronic phlegm. Differences in levels of air
pollution and occupational airborne exposure bet-
ween the studies may partly explain these contra-
dictory findings. However, differences in wording of
the questions could also influence the results.

The authors were unable to find any previous
studies examining predictors of varying degrees of
increase in dyspnoea. In the log-linear analysis, sex,
age, and, pack-yrs were significant predictors. How-
ever, only in those agedw50 yrs was there an increase
in the ORs for increasing degrees of dyspnoea. This
shows that the eldest population is at higher risk
both for developing dyspnoea as well as the more
severe degrees of dyspnoea.

The effect of smoking on the incidences between
the cough and dyspnoea symptoms differed. Regard-
ing the cough symptoms, the current-to-current and
non-to-current smokers had higher adjusted ORs, and
the ex-to-ex and current-to-exsmokers lower ORs
compared to the never-to-never smokers. Regarding
the dyspnoea symptoms, no overt differences in
adjusted ORs were noted by changes in smoking
habits (table 4). Number of pack-yrs was a risk factor
for all the symptoms. This suggests that the develop-
ment of dyspnoea is dependent on the total smoking
consumption, and reflects irreversible airway obstruc-
tion and obliteration of coronary vessels. For the
cough symptoms the effect of smoking is more
immediate through airway inflammation, phlegm
production, and mucociliary transport, all improving
on smoking cessation.

The results from this study regarding the effects
of smoking habits on the cough symptoms are in
agreement with those of the only other two papers
presenting data on incidence of symptoms by changeT
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in smoking habits [4, 13]. None of these studies
covered Western European populations.

The effect of smoking on the incidence of morning
cough and dyspnoea grade 1 decreased with increasing
age. With ageing, the effect of degenerative changes
and comorbidity on the incidence is likely to increase,
reducing the relative importance of smoking. Of
the studies that have examined the relationship of
smoking to asthma incidence some have observed
that smokers had a higher incidence of asthma [12],
some that there was no relationship [6, 10, 15] and
some that smokers had a lower incidence [8]. The
different findings could reflect that the effect of
smoking on asthma incidence is weak. Different
diagnostic criteria between the studies warrant a
cautious interpretation. It is worth noting that none
of the studies examined asthma incidence by change
in smoking habits, but rather by smoking status at
baseline. This study gives cumulative incidence rates
for a wide range of respiratory symptoms and asthma.
Smoking, either measured by changes in smoking
habits, or as pack-yrs, is a clear risk factor for all the
respiratory symptoms and asthma.

Possible other risk factors for the incidence of
respiratory symptoms and asthma include heredity,
working exposures, air pollution, and socioeconomic
status. When analysing these other possible risk
factors it is important to adjust for the risk posed by
smoking, as well as by sex, and age.

Appendix

The wording of the questions in 1985 and 1996/1997
regarding respiratory symptoms and asthma were
identical:

Do you usually cough or clear your throat in the
morning? (yes, no).

Do you usually cough during the rest of the day?
(yes, no).

Do you usually have phlegm when coughing?
(yes, no).

Do you have a cough for three months or more
altogether during a year? (yes, no).

Are you more breathless than other people of your
own age when walking uphill? (yes, no) (dyspnoea,
grade 1).

Are you breathless when you climb two flights of
stairs at an ordinary pace? (yes, no) (dyspnoea grade
2).

Are you breathless walking at a normal pace on
level ground? (yes, no) (dyspnoea grade 3).

Are you breathless while at rest? (yes, no) (dyspnoea
grade 4).

Do you sometimes experience attacks of breath-
lessness? (yes, no).

Do you ever have wheezing in your chest? (yes, no).
Have you ever been treated by a doctor or been

hospitalized for asthma? (yes, no, do not know).
Have you ever been treated by a physician, or have

you been hospitalized for asthma? (yes, no).
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