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ABSTRACT

We examined the effects of long-term smoking patterns on self-reported symptoms of
chronic bronchitis within the Finnish adult twin cohort including 21, 609 individuals responding
to questionnaires in 1975 and 1981, of which 11,015 respondents participated also in 1990. We
also explored the association between smoking and bronchitis among discordant twin pairs.
Among those without chronic bronchitis at baseline we examined incidence of chronic bron-
chitis in 1981 both by 1975 smoking status, but also based on subgroups formed according to
change in smoking behaviors between 1975 and 1981. We conducted similar analyses in the
longitudinal data including three consecutive measurements of smoking status. Logistic re-
gressions demonstrated that among current smokers, the risk of chronic bronchitis increased
about 1.5-fold by each amount category of daily cigarettes. When analyzing change of smoking
status between 1975 and 1981, daily moderate and heavy smokers, smoking increasers and
decreasers, as well as re-current smokers demonstrated elevated risks. In the analysis among
discordant twin pairs the smoking co-twins had a 14-fold likelihood for chronic bronchitis com-
pared to their never-smoking co-twins. Panel analyses showed that, not only moderate and
heavy, but also former and light smokers, had significant risks for chronic bronchitis. Those
with late smoking initiation, leisure time physical activity or over 10 years of smoking cessa-
tion were less likely to have chronic bronchitis. We conclude that in long term evaluation no
safe level of smoking exists. Abstinence from tobacco seems to be the public health message
justified by these results in prevention of chronic bronchitis.
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INTRODUCTION

Chronic bronchitis is characterized by chronic cough and
mucus production from airways for at least 3 months in each
of 2 successive years without airway obstruction. Over 40% of
smokers develop chronic bronchitis, while about half of those
develop Chronic Obstructive Pulmonary Disease (COPD) (1,
2), which includes chronic bronchitis, emphysema and obstruc-
tion of small airways (3). The diagnosis of COPD is based on
spirometry: FEV1/FVC (forced vital capacity) <70% is diag-
nostic according to the GOLD-standards (Global Initiative for
Chronic Obstructive Lung Disease) (4).

The prevalence of chronic bronchitis increases with pack-
years of smoking (5), and early smoking initiation is also a
significant risk factor of COPD (6). Farming, industrial work,
asthma and airway hyper-responsiveness are risk factors for de-
veloping chronic bronchitis (1, 7–9). Interestingly, physically
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active smokers do not develop COPD as often as sedentary
smokers (10). However, the effect of exercise on chronic bron-
chitis has not been established.

In follow-up studies, individuals with chronic productive
cough have demonstrated about 3-fold risks of developing
COPD when compared to healthy controls (11, 12). Even with-
out developing COPD, chronic bronchitis is associated with a
decline in lung function, detected as decreased FEV1 values (1,
2, 13). Chronic bronchitis has also been stated to be significantly
related to increased mortality from all causes (1, 12).

One may recover from chronic bronchitis after smoking ces-
sation (14) but once COPD has developed, it usually progresses
irreversibly, cessation only delaying the decline of lung function
(14, 15). There is no consensus whether recovery from chronic
bronchitis can be reached by smoking reduction. Smokers with
chronic productive cough have been stated to live longer by
decreasing their amount of cigarettes smoked per day (CPD)
(1). However, some other studies report that smoking reduction
has no effect on mortality in smokers (16, 17). The connection
between low-rate smoking patterns and pulmonary diseases re-
mains also unclear although the proportions of light smokers are
increasing in many countries (18, 19). Light smoking (<5 CPD)
is particularly common among adolescents, students and women
(19, 20). Young age does not protect from either chronic bron-
chitis or COPD (11). For example, a recent study detected a
significantly increased prevalence of respiratory symptoms and
decreased FEV1/FVC ratios in young adult smokers (21).

Our aim was to examine the effects of different long-term
smoking patterns on self-reported symptoms of chronic bronchi-
tis. The prevalence, incidence and risks of these COPD-related
outcomes were compared between smokers and non-smokers,
as well as between different smoking categories within smok-
ers. We also investigated those reporting low-rate smoking at
any survey and examined long-term changes of these smoking
patterns in relation to respiratory symptoms. Further aim was
to explore causal nature of the association between smoking
and bronchitis among twin pairs discordant for smoking and
respiratory outcome.

MATERIALS AND METHODS

Subjects

The data for this study were collected as part of the Finnish
Twin Cohort established in 1974. The cohort was compiled from
the Central Population Registry and it includes all same-sex twin
pairs born before 1958 with both members alive in 1967 (22).
Three questionnaire studies were carried out in 1975, 1981 and
1990 with response rates of 89%, 84% and 77%, respectively.
In 1981 the questionnaire was sent to all twins still alive in the
cohort, whereas in 1990 only to those born 1930–1957, with both
co-twins resident in Finland, if they had responded in at least
one of the previous surveys. For the present study, we included
those subjects who had participated in the survey in both 1975
and 1981 (n = 21,609). In further analyses including also the
1990 survey, the sample consisted of 11,015 respondents.

Definition of the outcome

We investigated incidence of self-reported chronic bronchi-
tis symptoms. Those COPD-related respiratory symptoms were
monitored using the British Medical Research Council (MRC)
series of questions (23). A person was considered suffering from
chronic bronchitis if he/she answered positively to the MRC
question “Do you regularly for extended periods of time have
a cough?” and reported suffering from the symptoms (“How
many months in a row do you cough per year?,” “For how many
months in a row do you bring up phlegm from your chest per
year?”) at least for over three successive months a year. The
wording of the questions was identical in each survey.

A variable designing the incidence of chronic bronchitis was
created. Among those without chronic bronchitis at baseline
in 1975 we examined the risks of chronic bronchitis in 1981
according to 1975 smoking status and amount smoked, and
according to the subgroups describing change in smoking be-
haviors between 1975 and 1981. Individuals with chronic bron-
chitis in 1975 were not examined in this incidence analysis,
because sufficient data on their prior smoking history was not
available and their current smoking behavior may have changed
after developing symptoms. A further analysis was conducted
among twin pairs discordant for smoking in 1975–1981 and for
incident chronic bronchitis in 1990, i.e., where one twin had
incident chronic bronchitis and the other was symptom free.
Finally, we analyzed the relationship of chronic bronchitis to
smoking in the longitudinal data including three consecutive
measurements.

Definition of the predictors

Among subjects who participated in the survey in 1975 and
1981, we first identified never smokers, former smokers, occa-
sional smokers and current daily smokers, i.e. those who had
smoked at least 5–10 packs of cigarettes over their lifetime, and
who were smoking daily or almost daily. The classification was
identical in each survey and the questions asked were: “Have
you ever smoked more than 5–10 packs of cigarettes in your
lifetime?” Those responding positively were asked, “Do you
smoke or have you smoked cigarettes regularly, say daily, or
almost daily during your lifetime?” If one replied ‘yes,’ he/she
was further asked if still smoking regularly. If one replied ‘no’
he/she was regarded as a former smoker, and if ‘yes’ he/she was
classified as a current smoker, whose average daily cigarette
consumption was then defined. The exact question was: “How
many cigarettes do you smoke daily on average?” The amount
categories were as follows: <5, 5–9, 10–14, 15–19, 20–24, 25–
39, and >40. According to those amount categories, we col-
lapsed the 1975 current smokers into three groups, i.e., daily
light (<5), daily moderate (5–19), and daily heavy (≥20 CPD)
smokers. Those subjects who answered negatively the question:
“Have you ever smoked more than 5–10 packs of cigarettes in
your lifetime?” were regarded as never smokers. Further, those
answering positively to this question, but negatively to the ques-
tion “Do you smoke or have you smoked cigarettes regularly,
say daily, or almost daily during your lifetime?,” were classified
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Table 1. Incident chronic bronchitis in 1981 by smoking status in 1975–1981 with number of subjects in each category, proportion of subjects
affected, odds ratios (OR) and confidence intervals (95% CI) among Finnish twin cohort individuals without chronic bronchitis in 1975 1

% with incident
Smoking status75−81 n chronic bronchitis OR2 95% CI

Constant never smokers 9,499 1.04 1.00 Reference group
Constant former smokers 2,439 1.26 1.26 0.82, 1.92
Quitters 1,808 0.99 1.27 0.76, 2.13
Initiators 325 0.91 1.44 0.45, 4.59
Recurrent smokers 531 1.85 2.54∗∗ 1.31, 4.93
Constant daily light smokers3 97 0.00 — —
Constant daily moderate smokers 2,253 2.04 2.73∗∗∗ 1.89, 3.94
Constant daily heavy smokers 840 7.39 10.04∗∗∗ 7.03, 14.35
Increasers 717 5.16 8.10∗∗∗ 5.42, 12.10
Decreasers 484 3.01 3.78∗∗∗ 2.16, 6.62
Occasional/non-daily smokers 534 0.37 0.46 0.11, 1.88
Others 347 1.14 1.19 0.44, 3.25

1Total n = 20,208.
2Adjusted for age and sex.
3Omitted from the logistic regression analysis.
∗∗p <0.01, ∗∗∗p < 0.001.

as occasional smokers. Similar smoker classifications have been
used in our earlier studies based on the same cohort (24, 25).

In addition to forming groups according to the smoking sta-
tus reported in a certain year, we further formed more detailed
subgroups by taking into account the change of smoking sta-
tus and amount smoked between 1975 and 1981. These groups
included constant never smokers; occasional/non-daily smok-
ers; constant former smokers (i.e. former smokers in 1975 and
1981), initiators of daily smoking (i.e., never smokers in 1975
but daily smokers in 1981), quitters (i.e., current smokers in
1975 but former smokers in 1981), recurrent smokers (i.e., for-
mer smokers in 1975 but current smokers in 1981), constant
daily light, moderate and heavy smokers (same consumption in
1975 and 1981), as well as ‘increasers’ and ‘decreasers’ (ac-
cording to the change of daily consumption between 1975 and
1981), plus others (including illogical reports and misclassifica-
tions). The proportions of these specific groups are presented in
Table 1. Similar classification was also made according to the
change of smoking status between 1981 and 1990.

Confounders

All analyses were adjusted for age and sex. As additional co-
variates and potential confounders we considered ‘pack-years,’
age of regular smoking initiation, duration of cessation (among
former smokers), physical activity level, occupation, as well as
asthma and allergic rhinitis. Age of regular smoking initiation
was categorized as ‘no initiation,’ indicating never and occa-
sional smokers; and ‘early/late onset,’ early regarded as smok-
ing initiation before or at the age of 16. For former smokers,
duration of cessation was categorized as ‘long’ (>10 years),
‘intermediate’ (2–10 years) and ‘short’ (<2 years). We cate-
gorized physical activity as sedentary, intermediate or active,
based on frequency, duration and intensity of leisure physical
activity (26). Because physical activity was measured differ-

ently in 1990, this covariate was used only in the 1975 and
1981 data. Occupation was coded as follows: 1) upper-level
employee or large entrepreneur, 2) Lower-level employee or
small entrepreneur, 3) trained worker, 4) untrained worker, 5)
farmer, fisher or gardener, and 6) unknown. Presence of asthma
and allergic rhinitis were asked in similar way in each survey
with the following question: “Has your doctor ever told you that
you have or have had asthma/allergic rhinitis?”

Statistical analyses

All data analyses were performed with Stata (version 9.1)
(27). First, we conducted logistic regression models, where the
statistical significances of the risks of incident chronic bronchi-
tis between different smoking categories were tested adjusted
for age, sex and for selected significant confounders among sub-
jects without chronic bronchitis in 1975. The Odds Ratios (OR)
with 95% Confidence Intervals (CI) for chronic bronchitis in
1981 (event) versus not having such condition (non event) were
computed. Since observations on twin individuals within twin
pairs may be correlated, robust estimators of variance and the
cluster option from Stata were used, when estimating standard
errors (28).

Second, in order to further explore causal nature of the as-
sociation between smoking and bronchitis, we analyzed twin
pairs discordant for both smoking and chronic bronchitis using
a matched pair case-control design. Twin pairs were regarded
as discordant for incident bronchitis, if one twin had incident
outcome (case) whereas the co-twin did not (control). Among
such pairs, we examined the distribution of smoking behavior.
Smoking discordant pairs, where one twin was persistent or re-
current smoker and the co-twin never smoker, were considered
informative, as these represented the extremes of risk. The ORs
are given by the ratio of the number of case-control pairs in
which the case smokes and the control does not smoke to the

244 August 2009 COPD: Journal of Chronic Obstructive Pulmonary Disease



number of case-control pairs in which the case does not smoke
and the control does smoke. The significance of the association
within such pairs is tested using McNemar’s test and the effect
of confounders can be assessed using conditional logistic re-
gression (29). The other smoking categories were excluded in
this analysis.

Third, given the longitudinal and repeated nature of mea-
surements and in order to fully benefit from the information of
this 15-year follow-up survey, the observations were further an-
alyzed as longitudinal panel data. The data were reshaped and
panel analyses were carried out. Using random-effects model lo-
gistic regressions, the ORs for reporting chronic bronchitis were
computed for different smoker subgroups considering never-
smokers as a reference group. For currents smokers, the risks
were also examined with amount of smoking as a multilevel
variable and a trend test was performed. Finally, fixed effects
models were used to compare the between- and within-subjects
variations (30). Pack-years, age of regular smoking initiation,
duration of cessation, physical activity, asthma, rhinitis and oc-
cupation were considered as potential confounders. These mod-
els use information on smoking, symptoms and confounders
from all 3 surveys at the same time.

RESULTS

Basic characteristics

The mean ages of the study participants were 34.2 years in
1975, 40.2 years in 1981, and 49.2 years in 1990 with stan-
dard deviation of 13.4 each year. For light smokers, the average
(mean) smoking duration was 9 years in 1975, 15 years in 1981
and 19 years in 1990, while for moderate smokers 11, 17 and 22
years and for heavy smokers 16, 19 and 25 years, respectively.

Incidence of chronic bronchitis in different
smoking groups

First, we analyzed the risk of incidence of chronic, produc-
tive cough in 1981 according to smoking status and quantity in
1975. Those having symptoms at baseline, i.e. in 1975, were
excluded from the analysis. When analyzing all subjects, the in-
cidence of symptoms in 1981 was significantly elevated among
moderate (5-19 CPD) (OR = 3.03, 95% CI 2.26-4.06) and heavy
(20+ CPD) smokers (OR = 6.75, 95% CI 4.88–9.35) if com-
pared to never smokers. If the analysis was restricted among
1975 current smokers only, there was a linear trend in risk
of having symptoms in 1981, increasing about 1.5-fold (OR
1.54, 95% CI 1.38, 1.73) by each amount category of cigarettes
on the original scale asked in the questionnaire (not shown in
tables/figures).

Based on information of smoking status in 1975 and 1981,
more detailed smoking subgroups were formed. Among those
subgroups, the risk of incident chronic bronchitis was elevated
significantly not only among moderate and heavy daily smok-
ers, but also among recurrent smokers, increasers and decreasers
(Table 1). The proportional sizes and the ORs of those subgroups
with statistically significant risks for incident chronic bronchitis
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Note 1. Subgroups with non-significant relative risks are not presented.

Note 2. Subjects with chronic bronchitis in 1975 were not included in the analysis. 
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Figure 1. Odds Ratios (OR) and proportional sizes (bars) of those
smoking subgroups with statistically significant relative risks for
incident chronic bronchitis in 1981 (n = 14,602; total n = 20,208).
Data points (joined by a line) represent OR with 95% confidence
intervals in each smoking subgroup.

are shown in Figure 1. Similarly, when taken into account the
change of smoking patterns between 1981 and 1990 and exam-
ining the incidence of symptoms in 1990, the same subgroups
demonstrated elevated risks when compared to never smokers
(data not shown).

Discordant twin pairs

Among those twins who participated in all surveys (1975,
1981 and 1990), we indentified 112 pairs discordant for inci-
dent chronic bronchitis in 1990 (no one had chronic bronchitis
in 1975 or 1981, whereas in 1990 one twin had bronchitis but
the co-twin did not have). Among those pairs 15 pairs were dis-
cordant also for 1975–1981 smoking status. Conditional logistic
regression models showed that the persistently or re-currently
smoking co-twins had a 14-fold relative risk (OR = 14, 95%
CI 1.8, 107) for incident chronic bronchitis compared to their
never-smoking co-twins; i.e. in 14 pairs out of 15 the smoker
had developed symptoms and the non-smoker had not. Among
12 dizygotic pairs, the OR was 11 (95% CI 1.4, 85). Among the
three monozygotic pairs, only the persistently or re-currently
smoking co-twins had chronic bronchitis, and none of the never
smokers had chronic bronchitis.

Longitudinal panel analyses

Panel analyses based on the longitudinal repeated measures
data suggested that former smokers, light, moderate and heavy
smokers all had a significantly elevated risk of reporting symp-
toms of chronic bronchitis. The smallest risk was observed
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Figure 2. Odds Ratios (OR) of chronic bronchitis in different smok-
ing groups based on random-effects model analysis carried out for
longitudinal data. Data points represent OR with 95% confidence
intervals in each smoking category. Continuous line represents the
result of the trend test.

in former smokers, while among current smokers, the risks
were increased with increasing quantity of cigarettes smoked
(Figure 2).

The effects of potential confounders, such as physical ac-
tivity, asthma, rhinitis, occupation, age of regular smoking ini-
tiation and duration of cessation among former smokers, were
also examined. The effect of pack-years was initially considered
as well, but because of the high correlation between smoking
categories and pack-years, it was not included into the final
analyses. Random effect logistic regression models suggested
that likelihood of suffering from chronic productive cough was
increased among smokers with early age as well as late age of
initiation (OR 2.94; 95% CI 2.45, 3.53 and OR 2.14; 95% CI
1.90, 2.41) versus never/occasional smokers. However, when
analyzing the potential confounding effect of smoking initia-
tion age was restricted among current smokers, no significant
confounding effect was discovered. Among former smokers the
risk of symptoms was increased among those having been ab-
stinent for less than two years versus those being abstinent for
over ten years (OR 1.77; 95% CI 1.21, 2.60). The risk was de-
creased among smokers exhibiting intermediate (OR 0.71; 95%
CI 0.62, 0.82) and high physical activity (OR 0.40; 95% CI 0.31,
0.51) versus sedentary smokers. However, when testing phys-
ical activity as a potential confounder in the model examining
association of smoking and incident chronic bronchitis, those
risk estimates of different smoking categories did not change
dramatically.

Although both asthma (OR 8.26; 95% CI 6.62, 10.3) and
rhinitis (OR 2.62, 95% CI 2.26, 3.02) as such had significant

direct effects on the outcome, those effects of smoking on the
outcome were only very slightly attenuated when adjusted for
asthma and rhinitis. When observing the risks of chronic bron-
chitis among various occupations, for example farmers (OR
2.67; 95% CI 1.94, 3.69) demonstrated an elevated risk. Adjust-
ment for occupation slightly strengthened the effects of different
smoking patterns.

Finally, the fixed effects models to compare the between-
and within-subjects variations showed that among current
smokers, the risk of symptoms increased 1.25-fold (95% CI
1.10, 1.43) by each amount category. Similar analysis made
by the random-effects model suggested the risk of symptoms
increasing 1.46-fold (95% CI 1.38, 1.54) by each category.
When former, occasional and never smokers were included into
the above-mentioned fixed-effects model, only heavy smokers
demonstrated a significant risk for chronic bronchitis (OR 2.56,
95% CI 1.49, 4.41) (not shown in tables) compared with a cor-
responding OR of 5.88 in the random effects models (Figure 2).

DISCUSSION

The risk of chronic bronchitis increased among current smok-
ers about 1.5-fold by each amount category of daily cigarettes. In
addition to daily smokers, also smoking increasers, decreasers
and re-current smokers demonstrated elevated risks. In panel
analyses, significant risks for chronic bronchitis were found
for former, light, moderate and heavy smokers. Those with late
smoking initiation, leisure time physical activity or over 10 years
of cessation were less likely to have chronic bronchitis, whereas
asthma, rhinitis and farming work increased this risk. However,
adjustment for these factors did not significantly modify the
effects of smoking.

According to the analyses comparing smoking subgroups
describing change in smoking behaviors, the risk of chronic
bronchitis was elevated not only among regular smokers, but
also for example in those smokers who had quit but relapsed.
Also those who reduced from moderate to light smoking man-
ifested an increased risk of respiratory symptoms, which was
even higher than among relapsed former smokers. It is possi-
ble that those with the most symptoms are motivated to reduce
their smoking, while those previously asymptomatic easily start
smoking again.

Despite the very large cohort there were only 15 complete
twin pairs extremely discordant for both 1975–1981 smoking
and incident bronchitis in 1990. We observed that persistently
or re-currently smoking twins had a 14-fold relative risk for
incident chronic bronchitis compared to their never-smoking
co-twins. However, although such effect turned out to be statis-
tically significant, the 95% confidence intervals were relatively
large. This was due to a small number of observations included
in the model, because we considered only those twin pairs who
were extremely discordant for both risk factor and outcome.
However, we think that the effect size is the most important one,
particularly because observed even when familial factors were
controlled for.
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The recent genome-wide study of common genetic variants
associated with COPD (31) found one gene to have an asso-
ciation with COPD based on a genome-wide test of statistical
significance. This association was with the acetylcholine nico-
tinic receptor gene complex on chromosome 15, which has been
shown to associate with smoking and nicotine dependence (32–
34). It is likely that much of the genetic predisposition to COPD
may be mediated through the genetics of smoking and nicotine
dependence; this would be consistent with our discordant twin
pair analyses.

Panel analyses provided evidence that in addition to a very
strong dose-response relationship for amount smoked, also very
low-rate smoking patterns, even constant light smoking, can re-
sult in chronic respiratory symptoms. Concerning the effects
of other factors, random-effects models demonstrated that the
risk of chronic bronchitis was smaller among late smoking ini-
tiators, physically active smokers, as well as among former
smokers having quit smoking over 10 years earlier. Physical
activity, age of regular smoking initiation and duration of ces-
sation were tested as potential confounders also in the standard
model. These analyses confirmed the risk of chronic bronchitis
being increased among former, light, moderate and heavy smok-
ers independently of the effects of potential confounders as they
did not clearly attenuate the association between smoking and
respiratory symptoms.

Between-subjects variance was examined with fixed-effects
models where the within-subject effect was controlled for. Such
an analysis is equivalent to a single cross-sectional snapshot.
When analyzing the risk of chronic bronchitis with such fixed-
effects model, only heavy smokers demonstrated increased risk
of symptoms, whereas the random-effects models, which uses
all the data from all the surveys, was more sensitive in showing
relationships of lesser smoking exposure with symptoms. These
results might reflect the instability of smoking patterns over
such a long follow-up time. Our earlier analyses within the same
twin cohort have suggested that particularly the pattern of light
smoking (<5 CPD) is relatively unstable in long term follow-
up (35). However, when examining with fixed-effects model
current smokers only, the risk increased in a linear fashion by
each category of CPD indicating the greater strength of the
relationship of symptoms with amount smoked.

This study had several strengths. The large longitudinal data
provided by the Finnish Twin Cohort let us examine the changes
that happened in smoking patterns over a 15-year period. By
measuring the smoking status and respiratory symptoms equally
at 3 time points, we were able to examine the risks of chronic
bronchitis in more sophisticated subgroups. Development of
chronic bronchitis has not been studied earlier in such a large
sample in relation to the subjects’ smoking status and changes
therein being taken into account.

The criteria used for chronic bronchitis in this study may
miss some new patients with less than 2 years of symptoms
(36). These criteria were however chosen because we wanted
to be certain about the chronic status of productive cough. It
should also be noticed that although chronic bronchitis builds
up the clinical picture of COPD, not all those with the diagnosis

report chronic productive cough. Cough in COPD patients can
be absent in early stages (37), occur intermittently, be unproduc-
tive and neglected when asked (38). Results on discrimination of
healthy patients from those with COPD by self-reported chronic
bronchitis are controversial (39–41). Thus, spirometry is cen-
tral to the diagnosis of COPD, while respiratory symptoms only
predict an increased risk of the disease. The extent of predicting
power these symptoms have for COPD remains a challenge for
further validating analyses.

The connection between chronic bronchitis and potential
confounders considered; physical activity, age of regular smok-
ing initiation, duration of cessation, asthma, rhinitis and occu-
pation, was in line with previous studies. However, we did not
adjust for BMI, although high BMI has also been shown to be
prognostic for COPD (39). The effect of pack-years was not
tested because of its high correlation with our smoking cate-
gories. Further, our analyses considered cigarette smokers and
we did not examine separately those who may have been us-
ing also other tobacco products simultaneously; however, the
proportion of regular pipe and cigar users was very small.

The most aged participants were excluded from the 1990
survey in order to avoid possible bias caused by their increased
morbidity. Measured with GOLD-standards, the COPD preva-
lence in those having smoked more than 40 pack-years is 5-fold
higher than in general population (40). Accordingly, the number
of chronic bronchitis diagnoses might have been higher with-
out age restriction of the sample in 1990. It can also be argued
that the drop-out subjects were more likely smokers than non-
smokers. This has been suggested in an earlier study within the
same cohort (25). However, when we observed the drop-out
subjects within the current data set similar proportions of sub-
jects reported being smokers in the previous survey than was
the share of smokers in the cohort in general.

We conclude that our results strengthen the view that in long
term evaluation there is no safe level of cigarette smoking. Thus,
abstinence from tobacco seems to be the public health message
justified by these results in prevention of chronic bronchitis.
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