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ABSTRACT: Studies on the effect of smoking on adulthood asthma have provided
contradictory results. The current authors conducted a population-based incident case-
control study to assess the effects of current and past smoking on the development of
asthma in adults.

During a 2.5 yr study period, all new asthma cases clinically diagnosed (n=521) and
randomly selected controls (n=932) from a geographically defined district in southern
Finland were recruited.

The risk of developing asthma was significantly higher among current smokers with
an adjusted odds ratio (OR) of 1.33 (95% confidence interval 1.00–1.77) and among
ex-smokers with an adjusted OR 1.49 (1.12–1.97) compared with never-smokers.
Among current smokers, the risk increased up to 14 cigarettes?day-1, and a similar trend
was observed in relation to cumulative smoking.

In conclusion, the current results support the hypothesis that smoking causes asthma
in adulthood.
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Smoking is a major risk factor for morbidity and mortality
worldwide. It causes many chronic diseases, including
coronary heart disease and chronic obstructive pulmonary
disease (COPD). Tobacco smoke is a mixture of w4,000
different compounds, many of which are carcinogenic or
irritative [1]. The proportion of smokers is still increasing in
many developing and developed countries, especially among
females [2, 3]. Asthma is one the most common chronic
diseases in working-age populations. The prevalence of
asthma continues to increase in western countries, and the
reasons for this trend are unclear [4, 5]. Changes in lifestyle,
environmental conditions, diagnostic practices and the treat-
ment of asthma may be responsible for this increase [6].
Previous studies on smoking and asthma have provided
contradictory results. In many cross-sectional studies, the risk
of asthma was not elevated in active smokers compared with
never-smokers [7–12], whereas other studies detected an
increased risk of asthma in smokers [13, 14]. The few
longitudinal studies published have reported inconsistent
results on current smoking and asthma [15–19].

The objectives of the current study were to assess the effects
of current and past smoking on the development of asthma in
a working-age population, and to evaluate parental atopy and
sex as potential determinants of susceptibility.

Methods

Study design

This study was a population-based incident case-control
study. The source population consisted of adults aged

21–63 yrs, living in the Pirkanmaa Hospital District in
southern Finland, with a population of 440,913 inhabitants
in 1997. Our goal was to recruit all of the new cases of asthma
in the source population during the study period. Controls
were selected randomly from the source population based on
the 1997 population census. The study was approved by the
ethics committees of the Finnish Institute of Occupational
Health, Helsinki, and the Tampere University Hospital,
Tampere, Finland.

Definition and selection of cases

All of the new cases of asthma were systematically
recruited, first, from the city of Tampere from September 15
1997, and, then, from the whole Pirkanmaa Hospital District
from March 10 1998–March 31 2000. Patients were recruited
by physicians at all healthcare facilities diagnosing asthma,
including the Dept of Pulmonary Medicine at the Tampere
University Hospital, offices of privately practicing physicians
and public healthcare centres. As an additional route of case
selection, the National Social Insurance Institution of Finland
invited all patients whose reimbursement rights for asthma
medication began during the period September 1 1997–May 1
1999 and who had not yet participated.

The diagnostic criteria of asthma included the presence of at
least one asthmatic symptom and the demonstration of
reversible airway obstruction in lung function investigations,
in accordance with the national consensus on the criteria for
the diagnosis of asthma (table 1) [20]. All of the confirmed
cases of asthma that fulfilled the general eligibility criteria were
selected as cases. A total of 521 cases participated: 362 through
the healthcare system (response rate 90%) and 159 through the
National Social Insurance Institution (response rate 78%).For editorial comments see page 720.
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Selection of controls

The controls were randomly selected from the source
population using the national population registry, which has
full coverage of the population. The general eligibility criteria
were applied for controls (aged 21–63 yrs, living in the
Pirkanmaa Hospital District). After up to three invitation
letters and telephone calls, 1,016 controls participated in the
study (response rate 80% of those who had a telephone
number in the Pirkanmaa area). After excluding persons
reporting previous or current asthma (n=76), persons aged
w63 yrs (n=6) and those with an incomplete questionnaire
(n=2), the current study population included 932 controls.

Smoking information

Information on smoking was collected with a self-
administered questionnaire inquiring about current and past
smoking, smoking rate, and duration and quitting of smoking.
The following questions were posed: Do you smoke currently?
(yes, regularly; yes, occasionally; no, I quit v12 months ago;
no, I quit w12 months ago; no, I never smoked regularly);
How many years have you smoked?; How much do you/did
you smoke on average? (cigarettes, cigars and pipefuls per
day, or per week for occasional smokers).

Data collection

At the Tampere University Hospital, cases were recruited at
their first visit because of suspected asthma, and the diagnosis
was then verified in clinical examinations. At the other
healthcare facilities, cases were recruited immediately after
the asthma diagnosis was verified. The same protocol for
diagnosing asthma was applied at all healthcare facilities.
The National Social Insurance Institution invited the cases
to participate 0.5–2 yrs after their diagnosis was established.
For these patients, the criteria of asthma diagnosis and its
date were confirmed from their medical records, and the
same diagnostic criteria were applied as for the other study
patients. All subjects with a previous diagnosis of asthma or
long-term use of asthma medication earlier in life were
excluded. Eligible subjects were invited to participate in the
study and their informed consent was requested by their
physician or by letter sent via the National Social Insurance
Institution. The recruitment of controls took place at regular
intervals throughout the study period. A form for stating their
informed consent was sent in the invitation letter and
returned in a prepaid envelope to the research nurse of the
study project.

Measurement methods

Questionnaire. The self-administered questionnaire, modified
from the Helsinki Office Environment Study questionnaire
[21, 22] to be used in a general population, included the
following six sections: 1) personal characteristics; 2) health
information; 3) active smoking and environmental tobacco
smoke (ETS) exposure; 4) occupation and work environment;
5) home environment; and 6) dietary habits.

Lung function measurements. The same diagnostic protocol
was applied to all patients with suspected asthma [20]. For
patients recruited through the National Social Insurance
Institution, the data were obtained by abstracting from the
medical records. Spirometry accompanied by a bronchodilation
test, a 2-week diurnal peak expiratory flow (PEF) follow-up, as
well as a 2-week oral steroid treatment test if the other
diagnostic tests were negative, were carried out. Interpretation
of the lung function results is described in table 1.

Statistical methods

Exposure odds ratio (OR) was used to quantify the relation-
ship between exposure and outcome. Adjusted OR was
estimated in logistic regression analysis. Sex, age, parental
atopy or asthma, education (as an indicator of socioeconomic
status), dampness and mould problems in the home or at work,
exposure to ETS, any history of pets in the home, and self-
reported occupational exposure to sensitisers, dusts or fumes
were used as covariates to adjust for potential confounding.

Three parameters of smoking were used, as follows: current
smoking status (never-, ex- and current smoker); smoking rate
(occasional, 1–14 cigarettes?day-1, o15 cigarettes?day-1) and
cumulative smoking expressed as cigarette-yrs (average
smoking rate6duration of smoking). The reference category
was always never-smoking.

The independent and joint effects of parental atopic
diseases and smoking were also studied by comparing the
risk of asthma in four exposure categories, as follows: 1) no
parental atopy and never-smoking (reference category); 2)
parental atopy and never-smoking; 3) no parental atopy and
smoking (current, quit smoking w12 months ago); and 4)
parental atopy and smoking (current, quit smoking w12
months ago). ORs were calculated contrasting each of the
three exposure categories to the reference category. Estimates
for the independent effects of parental atopy, smoking and
their joint effect were derived from the same logistic
regression model adjusting for the covariates. An analogous
approach was applied for studying the effects of sex and
smoking, with never-smoking males forming the reference
category.

Table 1. – Diagnostic criteria for asthma

History of at least one asthma-like symptom: prolonged cough, wheezing, attacks of or exercise-induced dyspnoea, or nocturnal cough
or wheezing and

Demonstration of reversibility in airway obstruction in lung function tests: significant improvement in response to short-acting
bronchodilating medication in a bronchodilator test (the criteria for significant changes were: FEV1o15%, FVCo15%, and PEFo23%)
and/or o20% daily variation# and/or o15% improvement# in response to short-acting bronchodilating medication during o2 days in a
2-week diurnal PEF follow-up and/or significant improvement in spirometric lung function and/or o20% improvement in the average
PEF level in response to a 2-week oral steroid treatment

FEV1: forced expiratory volume in one second; FVC: forced vital capacity; PEF: peak expiratory flow. #: calculated according to the standard
practice of the Tampere University Hospital [20]; maximum daily variation=(highest PEF value during the day – lowest PEF value during the day)/
highest PEF value during the day; bronchodilator response=(highest PEF value after bronchodilating medication – highest PEF value before
medication)/highest PEF value before medication. Data taken from [20].
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Results

Characteristics and smoking among cases and controls

There were more females among the cases than the
controls, and the cases were younger, had more allergic
relatives, and were less educated than the controls (table 2).
The distribution of smoking habits, smoking rate and cumu-
lative cigarette-yrs among cases and controls are presented in
table 3. There were more current and ex-smokers and fewer
never-smokers among cases than controls.

Risk of asthma in relation to smoking

The risk of asthma was significantly related to both former
and current smoking, the risk being stronger in ex-smokers
(table 3). Considering the smoking rate, the risk of asthma
increased from occasional smoking to smoking 1–14 ciga-
rettes?day-1, but was lower in the highest smoking category
(o15 cigarettes?day-1). An increased risk of asthma was also
observed among those with lifetime smoking of 1–199
cigarette-yrs, but a slightly lower risk was observed in the
highest cumulative smoking category (o200 cigarette-yrs).
Similar trends according to the amount of smoking were
detected in both males and females.

Parental atopy and sex as potential determinants of
susceptibility

Table 4 presents the estimated independent and joint effects
of parental atopy and smoking (both current and ex-
smoking). The adjusted ORs in population-based incident
case-control studies represent estimates of incidence rate
ratios [23]. Using a common reference category, the magni-
tude of independent and joint effects can be compared. In this
study, the common reference category was never-smokers
without a history of parental atopy. The independent excess
risk (95% confidence interval (CI)) of asthma related to

Table 2. – Characteristics of the study population, The Finnish
Environment and Asthma Study 1997–2000

Characteristics Cases Controls

Total n 521 932
Sex

Male 175 (33.6) 438 (47.0)
Female 346 (66.4) 494 (53.0)

Age yrs
21–29 108 (20.7) 141 (15.1)
30–39 107 (20.5) 224 (24.0)
40–49 125 (24.0) 254 (27.3)
50–59 140 (26.9) 240 (25.8)
60–63 41 (7.9) 73 (7.8)

Parental allergic diseases
Maternal allergy 85 (16.3) 108 (11.6)
Paternal allergy 47 (9.0) 48 (5.2)
Maternal asthma 66 (12.7) 64 (6.9)
Paternal asthma 62 (11.9) 48 (5.2)
Any 186 (35.7) 204 (21.9)

Education#

No vocational schooling 107 (20.6) 154 (16.6)
Vocational course 89 (17.2) 104 (11.2)
Vocational institution 149 (28.7) 271 (29.2)
College-level education 113 (21.8) 261 (28.1)
University or corresponding 61 (11.8) 138 (14.9)

ETS
At work 89 (17.1) 130 (13.9)
At home 30 (5.9) 52 (5.6)

Pets at home
Never 134 (25.7) 269 (28.9)
Currently 222 (42.7) 420 (45.1)
w12 months ago 165 (31.7) 243 (26.1)
Sometimes 387 (74.3) 663 (71.1)

Indoor mould exposure at work or
at home

123 (23.8) 192 (20.7)

Any work exposure} 313 (60.1) 579 (62.1)

Data are presented as n and n (%). ETS: environmental tobacco smoke.
#: data missing for six subjects; }: self-reported exposure to sensitisers,
dusts and/or fumes.

Table 3. – Distribution of smoking in cases and controls, and
adjusted odds ratio (OR) of asthma in relation to smoking,
The Finnish Environment and Asthma Study 1997–2000

Cases Controls OR# (95% CI)

Total n 518 930
Smoking}

Never-smoker 239 (46.1) 487 (52.4) 1.00
Ex-smoker 133 (25.7) 203 (21.8) 1.49 (1.12–1.97)
Current 146 (28.2) 240 (25.8) 1.33 (1.00–1.77)

Smoking ratez

cigarettes?day-1

Never-smoker 239 (46.1) 487 (52.4) 1.00
Ex-smoker 133 (25.7) 203 (21.8) 1.46 (1.10–1.95)
Occasional 31 (6.0) 50 (5.4) 1.25 (0.76–2.06)
1–14 55 (10.6) 59 (6.3) 1.93 (1.26–2.95)
o15 57 (11.0) 122 (13.1) 1.05 (0.71–1.56)

Cumulative smoking§

cigarette-years
Never-smoker 239 (46.1) 487 (52.4) 1.00
Ex-smoker 133 (25.7) 203 (21.8) 1.47 (1.11–1.96)
Occasional 31 (6.0) 50 (5.4) 1.25 (0.76–2.06)
1–199 37 (7.1) 53 (6.0) 1.46 (0.90–2.37)
o200 73 (14.1) 127 (13.7) 1.31 (0.91–1.89)

Data are presented as n and n (%), unless otherwise stated. CI:
confidence interval. #: adjusted for sex, age, parental atopy/asthma,
education, environmental tobacco smoke at home or at work,
dampness and mould problems at home or at work, self-reported
occupational exposures and pets; }: data missing for three cases and two
controls; z: data missing for three cases and nine controls; §: data
regarding cigarette-years among daily smokers was missing for five
cases and 10 controls.

Table 4. – Independent and joint effects of parental atopy and
cigarette smoking on the risk of asthma, The Finnish
Environment and Asthma Study 1997–2000

Adjusted# OR (95% CI) Risk increase %

No parental atopy and
never-smoking}

1.00

Parental atopy and
never-smoking

2.15 (1.52–3.06) 115

No parental atopy and
current smoking

1.43 (1.02–1.99) 43

No parental atopy and
ex-smoking

1.60 (1.14–2.24) 60

Parental atopy and
current smoking

2.43 (1.52–3.90) 143

Parental atopy and
ex-smoking

2.70 (1.70–4.27) 170

OR: odds ratio; CI: confidence interval. #: adjusted for sex, age,
education, environmental tobacco smoke at home or at work,
dampness and mould problems at home or at work, self-reported
occupational exposures and pets; }: reference category.
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parental atopy was estimated to be 115% (52–206), i.e. 2.15
incidence rate ratio between parental atopy/never-smoking
and the reference category. Similarly, the independent effects
of current and former smoking were 43% (2–99) and 60%
(14–124), respectively. The joint effect of parental atopy and
current smoking was estimated to be 143% (52–290), which
was close to what was expected on the basis of independent
effects on an additive scale (115z43=158%). Also, the
estimated joint effect of parental atopy and former smoking,
170%, corresponded to the sum of independent effects
(115z60=165%).

Table 5 illustrates the independent and joint effects of sex
and smoking, using never-smoking males as the reference
category. In never-smoking subjects, the female sex was
related to a significantly increased risk of asthma, with an
adjusted OR (95% CI) of 1.57 (1.09–2.27), corresponding to a
57% excess risk. The association between current smoking
and asthma was not significant in males (1.04 (0.66–1.65)).
The risk of asthma increased slightly in relation to ex-
smoking in males (1.34 (0.86–2.09)). In a separate analysis
including females only, the risk of asthma increased
significantly in relation to both current smoking (1.62
(1.13–2.34)) and ex-smoking (1.52 (1.04–2.23); data not
shown). The joint effect of female sex and current smoking
(table 5) resulted in a 143% increase in the risk of asthma (OR
2.43) compared to never-smoking males. The combined effect
of sex and smoking would be 61% on the basis of their
independent effects (57% for female sex z 4% for current
smoking); this means that there was an interaction of 82% on
an additive scale (143–61=82%). There was also an interaction
of 47% for the effects of female sex and ex-smoking (joint
effect 138% – (expected effects 57% for female sex z34% for
ex-smoking)=47%).

Discussion

This is the first incident case-control study in which the
associations between new adult asthma and both cumulative
lifetime and recent smoking have been investigated. From an
incident case-control study, the cause–effect relationship can
be assessed, and even more so when cumulative exposure is
taken into account. The results show an increased risk of
asthma in former and current smokers, the effect being
stronger in former smokers. Among current smokers, the risk
of asthma increased from occasional to moderate smokers,
but decreased in heavy smokers. A similar trend was detected
in relation to cumulative lifetime smoking. These trends may
be explained by behavioural changes that smokers undertake
because of respiratory symptoms, even before asthma is

diagnosed. The current results suggest that smokers who are
prone to develop asthma either stop smoking because of
respiratory symptoms before the diagnosis is made, or
continue to smoke at a moderate rate because of their
respiratory symptoms.

Some individuals seemed to be less susceptible to the effects
of tobacco smoke and smoked heavily without getting
asthma. This points to genetic or other susceptibility factors
rendering individuals to be differently sensitive to the harmful
effects of tobacco smoke. Such a selection phenomenon may
explain some of the discrepancies in the results of previous
studies, especially of those with a cross-sectional study design.

There are many potential mechanisms by which smoking
may jeopardise the smoker to asthma. Cigarette smoke causes
airway inflammation, increases airway epithelial permeability,
modulates the immune system and impairs normal repair
processes [24]. At the individual level, these mechanisms
interact with genetic and other environmental factors modify-
ing the individual risk. Heredity to atopy could be a possible
susceptibility factor for asthma in smokers. However, it was
found that the joint effect of parental atopy and smoking on
the risk of asthma was additive rather than synergistic. It is
possible that individuals with atopic heredity are less likely to
take up smoking. Females were found to be more susceptible
to the effects of smoking than males. Nonsmoking females
were estimated to have a 57% excess risk of asthma compared
with nonsmoking males. The interaction between sex and
smoking was 82%, the risk of asthma being significantly
related to active smoking in females, but not in males. In
females, the risk estimates for smoking and ex-smoking were
similar, whereas, in males, the risk for asthma was slightly
associated with ex-smoking. These results could be inter-
preted so that males are more inclined to quit smoking after
the onset of first symptoms and signs, whereas females tend to
continue smoking. Whether this indicates a stronger addiction
to tobacco among females remains to be studied.

Validity issues

Our aim was to reach all newly diagnosed asthma cases in a
geographically defined area. With the thorough recruitment
system, via the healthcare facilities and the help of the
National Social Insurance Institution, it is believed that this
objective was well achieved. In Finland, the National Social
Insurance Institution offers a significant reimbursement for
asthma medicines to every asthmatic fulfilling our diagnostic
criteria, which means that most, if not all, new asthma cases
are reported to the Institution by physicians. As the response
rate among cases and controls was good, there is no reason to
believe that any major selection bias would exist.

Newly diagnosed asthmatics may either underestimate or
overestimate their smoking history because of fears regarding
the new disease, but as the study was introduced to the
participants as a study on environmental factors in general,
and smoking-related questions were only one part of the
questionnaire, major recall bias is not likely to have occurred.
All asthmatics, apart from those recruited through the
National Social Insurance Institution, answered the questions
on smoking habits before or at the time when their diagnosis
was established. To accurately assess the exposure, both
ex- and current smokers were asked about the number of
cigarettes smoked per day and the time since quitting, making
it possible to quantify lifetime cumulative exposure and to
study the dose–response relationship between smoking and
asthma.

The difference between COPD and asthma may be difficult
to detect when using questionnaire-based diagnosis only, as

Table 5. – Independent and joint effects of sex and cigarette
smoking on the risk of asthma, The Finnish Environment and
Asthma Study 1997–2000

Adjusted# OR
(95% CI)

Risk increase %

Male and never-smoking} 1.00
Female and never-smoking 1.57 (1.09–2.27) 57
Male and current smoking 1.04 (0.66–1.65) 4
Male and ex-smoking 1.34 (0.86–2.09) 34
Female and current smoking 2.43 (1.56–3.79) 143
Female and ex-smoking 2.38 (1.51–3.76) 138

OR: odds ratio; CI: confidence interval. #: adjusted for age, parental
atopy, education, environmental tobacco smoke at home or at work,
dampness and mould problems at home or at work, self-reported
occupational exposures and pets; }: reference category.
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the symptoms of these two conditions overlap. To improve
the validity of diagnosis of asthma in the current study,
asthma diagnosis was confirmed by lung function measure-
ments showing reversible airway obstruction in spirometry
and/or PEF surveillance. As a consequence of this, clear
COPD cases were excluded from this study population.
Inclusion of COPD cases would lead to overestimation of the
risk, since smoking is known to be a strong determinant of
COPD [25]. Conversely, self-reporting of asthma might lead
to underestimation of the risk, given that smokers might
interpret their respiratory symptoms as asthmatic, even though
in reality they could be signs of nonobstructive processes. Since
all the physicians diagnosing asthma in the current study region
agreed to apply a standardised diagnosing protocol, based on
the national consensus criteria for the asthma diagnosis [20],
good validity in the assessment of asthma was achieved. Cases
with an earlier diagnosis of asthma or long-term use of asthma
medication ever during lifetime were excluded to confirm that
only new cases were included. Previously diagnosed asthma
would have diluted the risk estimate, since physicians usually
advise asthmatics to quit smoking.

Adult-onset asthma has a multifactorial aetiology; for
example, indoor mould problems [26], pets [27], and ETS [28]
all increase the risk of asthma. In the multivariate logistic
regression analyses, the effects of many important potential
confounders, e.g. age, pets, dampness and mould problems,
and occupational exposures, were controlled. In no earlier
study on the association between smoking and asthma have
all these confounders been simultaneously controlled.

Synthesis with previous studies

This large incident case-control study provides evidence of
an increased risk of asthma in current and former smokers,
especially in females. Previous studies have provided conflict-
ing results. In two earlier longitudinal studies [17, 18], an
increased risk of asthma in smokers compared with never or
nonsmokers (including both never- and ex-smokers) was
found, in line with the current results. In contrast, in the study
by TROISI et al. [16], the risk of asthma among current smokers
was approximately half that of never- and ex-smokers. The
risk of asthma was increased among ex-smokers for the first
5 yrs after quitting. In the study by GODTFREDSEN et al. [19],
ex-smokers had a higher incidence of self-reported asthma
than never-smokers. In the 6-yr follow-up study from Finland
[15], asthma risk was not increased in either current or ex-
smokers compared with never-smokers. Two earlier cross-
sectional studies have found a greater susceptibility to asthma
in females in relation to smoking [29, 30], whereas no sex
difference was observed in the Finnish 6-yr follow-up study
[15].

In all of these studies, the asthma diagnosis was based on
the self-reporting of symptoms, doctor-diagnosed asthma or
the use of asthma medication, or hospital admissions due
to asthma, making some misclassification of asthma cases
likely. In only one previous study were persons with doctor-
diagnosed chronic bronchitis excluded [16]. Occupational
exposures or exposure to ETS were not taken into account,
and assessment of smoking history did not include lifetime
exposure. Compared with the earlier studies, the strength of
the current study lies in the accuracy of the assessment of both
exposure and asthma, the critical issues in terms of validity of
the results. Our efforts aimed to include only new cases of
asthma to reduce the potential effects of selection and recall
bias that often affect studies with prevalent cases of asthma.

Conclusions

The current results are consistent with the hypothesis that
smoking causes asthma in adulthood. The stronger effect of
former smoking and the nonlinear relationship with the
quantity of smoking seem to point to a behavioural change
as a response to beginning symptoms. The results suggest that
smokers who are prone to develop asthma either stop smok-
ing or continue to smoke at a moderate rate because of their
respiratory symptoms. Females seem to be more susceptible
to the adverse effects of smoking than males. Whether this is
explained by different biological susceptibility to the harmful
effects of tobacco smoke, or by females being more addicted
to tobacco, needs to be studied further.
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