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Abstract

Low-rate smoking patterns are common, but their pulmonary effects remain poorly known. The study hypothesis was that
any level of daily smoking may cause chronic obstructive pulmonary disease (COPD).

We investigated the association between longitudinal smoking patterns and COPD using logistic regressions and survival
models adjusted for multiple covariates. Data from Finnish Twin Cohort surveys were used. Participants (n=21,609) were
grouped into categories describing 1981 smoking and change in smoking during 1975-1981. Light smoking was defined
as <5 cigarettes per day, moderate 5-19 cigarettes, and heavy =20 cigarettes per day. Finland’s Social Insurance Institu-
tion provided data on inhaled anticholinergics purchases (1995-2008) and diagnoses entitling to special reimbursements
(1981-2008).We defined COPD as regular anticholinergic use or special reimbursement eligibility for COPD, emphysema,
or chronic bronchitis.

COPD incidence was 2.5% (n=528). Elevated disease risks were observed in former, moderate, and heavy smokers, in
all who increased smoking, and in those who reduced from moderate to light smoking. Increased risk for anticholinergic
use was found in former smokers, in constant light, moderate, and heavy smokers, and in increasers. Former, light, mod-
erate, and heavy smoking in 1981 was associated with future development of disease. Our results demonstrate that all daily

smoking patterns may impair pulmonary function.
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Introduction

Chronic obstructive pulmonary disease (COPD) is
characterized by progressive, partly irreversible air-
flow limitation. A pathological inflammatory reac-
tion destroys lung parenchyma, causing emphysema,
and obstructs small airways, causing bronchiolitis (1).
Tobacco smoke usually induces this inflammatory
state, but also biomass fuels, airway hyper-reactivity, and
infections are risk factors for COPD (2). Genetics
affects the susceptibility of developing COPD, and
disease course varies individually (2,3). Early, mild
COPD is often asymptomatic and rarely diagnosed (1).
The estimated COPD prevalence in Finland, 5%-9%,
is similar to that in other European countries (4,5).

As many as 50% of smokers develop COPD (6),
but it remains unclear whether low-rate smoking
patterns also increase disease risk. Occasional smok-
ing or consumption of <5 cigarettes per day is asso-
ciated with cardiovascular diseases and cancer (7,8);
however, the pulmonary effects of daily light smok-
ing are unknown. Neither is there consensus on
whether reducing moderate smoking improves lung
function, although cardiovascular risks and respiratory
symptoms may improve (9,10).

For decades, COPD has been treated with short-
acting inhaled anticholinergics, ipratropium and
oxitropium. In 1993, combinations of ipratropium
and beta, agonists came onto the market in Finland.
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Key message

e Low-rate daily smoking patterns are associ-
ated with chronic obstructive pulmonary
disease (COPD) and increased use of anti-
cholinergic medication.

In 2002, the long-acting anticholinergic tiotropium
was introduced in Europe. Generally, no conditions
other than COPD are treated with inhaled anticho-
linergics. They relieve symptoms by reducing vagally
mediated bronchoconstriction, a major reversible
airway obstruction component in COPD (11). Anti-
cholinergics have a wide therapeutic margin, and
their few adverse effects seldom cause treatment
discontinuance (12).

Finnish current care guidelines for COPD treat-
ment (13) are in line with international guidelines (14)
and are carefully followed (15). Between 1999 and
2003, national guidelines recommended combina-
tions of ipratropium and beta, agonists for severe
COPD, and one or the other for mild or moderate
disease. In 2003, tiotropium was added to the guide-
lines and recommended as an alternative medica-
tion. Tiotropium prescriptions (monetary value)
soon exceeded ipratropium prescriptions, being in
2008 over 4-fold those of ipratropium (16).

In Finland, the Social Insurance Institution (SII)
registers nation-wide all reimbursed medications
purchased from pharmacies and the diagnoses enti-
tling to special reimbursements. Basic reimburse-
ment, covering 42% of product price, is granted for
all prescribed purchases, whereas special reimburse-
ment, covering 72%, can be allocated only with a
specialist’s certificate submitted to the SII (see
Methods for details).

In Finland, the prevalence of daily smoking
decreased from 27% to 19% between 1979 and 2009
(17). Similarly, smokers’ consumption of cigarettes
decreased, and quit attempts increased (17). Occa-
sional smoking is becoming more popular (8), and
in some populations the proportion of light smokers
is also increasing (18).

Wide-spread comprehension of the deleterious
effects of smoking is one potential explanation for
increased low-rate smoking patterns. Indeed, light
and occasional smokers often have a healthier life-
style and a higher education than heavier smokers
(8,19). Continuous light smokers are possibly moti-
vated more by social and enjoyment factors than by
craving (20), whereas heavier smokers might see
smoking reduction as an alternative when cessation
is perceived as difficult. Whether low-rate smoking
can permanently damage lungs remains unclear. Our

aim here was to explore the longitudinal associations
between different smoking patterns and COPD. We
used data on anticholinergics usage and diagnoses
entitling to special reimbursements to define COPD.

Materials and methods

Data were collected as part of the Finnish Twin
Cohort, comprising all same-sex twins born before
1958 with both members alive in 1967 (21). Ques-
tionnaires were collected in 1975 and 1981, with
response rates of 89% and 84%, respectively. Those
who participated in both years (n=21,609) com-
prised this study sample. We performed a record-
linkage study by combining the survey data with the
SII’s nation-wide medical registry data. In this study,
we primarily analyzed twins as individuals, with
appropriate statistical adjustment for within-pair
correlation.

Smoking

Among respondents, we identified never, occasional,
former and current daily smokers. Current and
former smokers’ average daily cigarette consumption
was defined, and the number of pack-years was cal-
culated. According to amount smoked, we collapsed
participants into the following groups: never, occa-
sional, former, daily light (<5 cigarettes per day),
moderate (5-19 cigarettes per day), and heavy (=20
cigarettes per day) smokers. The classification was
identical in 1975 and 1981 and is described in detail
elsewhere (21). We formed specific smoking sub-
groups describing the change in smoking status and
the amount smoked between 1975 and 1981.We also
divided all 1981 former smokers into categories
according to their smoking history: <5 (n=1,182),
5-10 (n=403), and >10 pack-years (n = 2,455).

Confounders

All analyses were adjusted for age and sex. As poten-
tial confounders, we tested the following selected
characteristics in 1981, all of which were significantly
associated with outcome: chronic bronchitis (odds
ratio (OR) 3.84; P = 0.001), asthma (OR 2.89; P =
0.001), heavy alcohol consumption (OR 1.74;
P =0.001), high education (OR 0.53; P = 0.001),
and physical activity (OR 0.35; P = 0.001). These
variables were adjusted for in logistic regressions,
discordant pair analyses, and survival analyses. Heavy
alcohol use was defined as having six or more drinks
on one occasion at least monthly (21). Education was
dichotomized as those with lower education and those
with at least 12 years of schooling (high school). We
categorized the subjects as sedentary, intermediate, or
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active, based on frequency, duration, and intensity
of leisure physical activity (22). Self-reported chronic,
productive cough for at least three successive months
a year was considered chronic bronchitis (21,23).
Those reporting physician-diagnosed asthma were
considered to suffer from asthma (21).

Medical register data

Data on diagnoses entitling to special reimburse-
ments (between 1970 and 2008) and reimbursed
anticholinergic medication purchase dates (between
1995 and 2008) were received from the SII. We
linked register data to study subjects with approval
from the SII and according to the guidelines of the
Data Protection Ombudsman.

The SII tracks reimbursement eligibilities and
medications for ‘Chronic asthma and similar chronic
obstructive pulmonary diseases’ together; thus, dis-
crimination between COPD and asthma is possible
only if exact diagnoses are registered (24). Diagnoses
were collected occasionally until 2000 and system-
atically since then. Until the 1990s, the terms
‘emphysema’ and ‘chronic bronchitis’ were used
alongside ‘COPD’ in Finland (5). Special reimburse-
ment criteria for COPD medication are strict; until
December 2007, patients with forced expiratory vol-
ume in 1 second (FEV1) <40% of predicted, or arte-
rial pCO, constantly>6.5 kPa were considered
eligible. Since then, FEV1 <50% was accepted if the
patient had suffered from exacerbations during
bronchodilator treatment (25).

Anticholinergic data include purchase dates of
inhaled oxitropium, ipratropium, tiotropium, and
combination preparations (ipratropium + salbuta-
mol, ipratropium + fenoterol). A patient’s medica-
tion cost consists of a fixed deductible and the
amount remaining after basic or special reimburse-
ment. It is most economical to buy the maximum
amount of the reimbursed drug, a 3-month require-
ment, at one time because only one fixed deductible
is paid irrespective of the number of medication
refills (26). The next purchase can be made when
the previous amount is almost used (27).

Outcome definition

To find subjects with symptomatic COPD, we
defined the main outcome as a diagnosis of COPD,
emphysema, or chronic bronchitis entitling to special
reimbursement, or as regular usage of basically reim-
bursed pure anticholinergics/combination prepara-
tions (at least two purchases at 99-day intervals). We
excluded subjects having moved abroad, deceased,
or with a special reimbursement for COPD, chronic
bronchitis, or emphysema before 1981 from the

analyses of reimbursements. Likewise, subjects with
these characteristics before 1995 were excluded from
the analyses of medications.

Statistical analyses

We combined some categories describing change in
smoking patterns. Categories whose estimates for
disease risk could be set as equal in the regression
model were grouped together (Table I).

All analyses were performed with Stata (version
11.0) (28). First, we conducted logistic regression
models, where the significances of COPD risks were
tested for smoking status in 1975 and 1981, for cat-
egories describing change in smoking during 1975—
1981, and for former smoker subgroups. The effect
of smoking onset age was omitted from analyses
because of its high correlation with smoking catego-
ries. The correlation between pack-years and smok-
ing status in 1981 was 0.66; thus, only models
studying 1975 smoking or the change in smoking
included the pack-years effect. We examined 1975
smoking status X 1981 chronic bronchitis interaction
to compare the disease risk between all 1975 smok-
ers and those who developed chronic bronchitis. The
ORs with 95% confidence intervals (CIs) for COPD
versus no COPD were computed. Since observations
on individuals within twin pairs are correlated, robust
estimators of variance and the cluster option in Stata
were used when estimating standard errors (29).

To explore the causal nature of smoking and
COPD association, we conducted conditional logis-
tic regressions among twin pairs discordant for
COPD using a matched pair case-control design
(22). Twin pairs were regarded as discordant if one
twin had COPD (case) while the other did not (con-
trol), and the analyses were repeated for monozy-
gotic (MZ) and dizygotic (DZ) pairs separately. The
advantage of these analyses is the possibility to con-
trol for such genetic and shared environmental fac-
tors that cause both smoking and COPD. Similar
risk estimates in MZ and DZ pairs would suggest
that such confounders do not significantly affect the
association between smoking and COPD.

Disease development rates were calculated with
survival analyses according to 1981 smoking status
and change in smoking during 1975-1981. Because
follow-up times for outcomes were different, we con-
ducted analyses separately for both. For anticholin-
ergic medications, the follow-up started on 1 January
1995; for special reimbursement diagnoses, the
follow-up started on the response date to the 1981
questionnaire. The follow-up ended on the date of
granting of special reimbursement, initiation of reg-
ular medication use, migration from Finland, death,
or end of the study follow-up (31 December 2008).
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Table I. Formation of categories describing change in smoking patterns 1975-1981. Initial groups (on the left) were grouped together if
their regression coefficients could be set equal in the regression model. Final categories are presented in the second column, and number

of subjects () in each category in the third column.

Regular use of Special reimbursement

Smoking status 1975 — 1981 Smoking categories n anticholinergics (%) eligibility (%)
Never — Never Never smokers 9,852 0.76 0.16
Never/occasional — occasional Occasional smokers 411 0.97 0.00
Never — light/moderate; Initiators 341 0.59 0.00
Occasional — light/moderate/heavy
Former/light/moderate/heavy — former Former smokers 4,130 1.65 0.27
Moderate/heavy — moderate Moderate smokers 2,906 3.44 1.20
Never/former/light/moderate — heavy Increasers 833 5.04 2.28
Moderate — light Moderate — light 176 2.27 0.00
Heavy — light Heavy — light 9 0.00 0.00
Heavy — heavy Constant heavy smokers 1,053 9.69 2.66
Former — light / moderate; Small increase 617 1.30 0.65
Light — moderate
Light — light Constant light smokers 109 0.92 0.00

Hazard ratios (HRs) with 95% CIs associated with
disease development were calculated with adjusted
Cox proportional hazards regression models. We
used non-parametric Nelson—-Aalen estimators to
illustrate the cumulative hazard estimates for COPD
development for 1981 smoking groups.

Results
Characteristics

Participants’ (47.3% men) mean age was 40.2 (SD
13.4) years in 1981. In 1981, 48% of participants
were never, 3% occasional, 21% former, 2% light,
17% moderate, and 9% heavy smokers. After exclu-
sion of subjects who had moved abroad (n=19) or
died (n=241) before 1981, we had 21,349 subjects
at risk for COPD at the beginning of the follow-up.

The cumulative incidence of COPD was 2.47%
during a 27-year follow-up. Among ever smokers,
the incidence was 5.1%. Between 1981 and 2008,
we observed 112 COPD cases according to special
reimbursement eligibility: 17 persons with chronic
bronchitis, 93 with COPD, and 2 with emphysema.
The incidence of COPD special reimbursement
eligibility was 0.54% during 27 years. An additional
401 persons were granted special reimbursement
eligibility due to ‘chronic asthma and similar chronic
obstructive pulmonary diseases’ without a specific
diagnosis.

From the analysis of regular anticholinergics use,
we excluded also subjects who had moved abroad
(n=35) or died (n=1,829) between 1981 and 1995.
Between 1995 and 2008, a total of 416 persons with-
out special reimbursement eligibility for COPD,
emphysema, or chronic bronchitis had purchased
anticholinergics/combination preparations at least
twice at 99-day intervals and were considered COPD

cases. The incidence of regular anticholinergic use
was 2.15% during 13 years.

COPD by smoking patterns

In adjusted logistic regressions, former, moderate,
and heavy smokers in 1975 and 1981 demonstrated
elevated COPD risks relative to never smokers (not
shown in tables). The model adjusted for 1981
chronic bronchitis was compared with the model
adjusted for 1975 smoking status X 1981 chronic
bronchitis interaction. The interaction model was
better with border-line significance (likelihood ratio
test chi-square 7.87; P=0.049), indicating that
smokers in 1975 who had bronchitis in 1981 had a
higher outcome risk than smokers in 1975 who did
not develop bronchitis.

Table II shows the results of logistic regressions
for categories describing change in smoking in 1975—
1981. The risk of having ever purchased anticholin-
ergics was also tested among these categories. Former
(OR 1.55; P=0.023), constant light (OR 4.58;
P=0.011), 1981 moderate (OR 3.19; P=0.001), and
constant heavy smokers (OR 4.44; P=0.001) as well
as increasers (OR 3.34; P=0.001) had purchased
combination preparations significantly more often
than had constant never smokers. For pure anticho-
linergics, elevated risks were observed for the
above-mentioned groups, except for light smokers.

To examine further the effect of smoking exposure,
we conducted adjusted logistic regressions for former
smoker subgroups. When compared to those with
<5 pack-years, subjects with 5-10 pack-years
(OR 1.07; 95% CI 0.47-2.42) and >10 pack-years
(OR 1.48; 95% CI 0.82-2.68) did not have a signifi-
cantly elevated disease risk. The result of trend test was
also non-significant (OR 1.23; 95% CI 0.91-1.67).



602 M. Hukkinen et al.

Table II. Development of COPD, defined by regular anticholinergic medication or special reimbursement eligibility, by daily smoking patterns
with number of subjects in each category, proportion of subjects affected, odds ratios (ORs), and 95% confidence intervals (95% CIs).

Smoking pattern 1975-1981 n % with COPD OR adjusted for sex and age 95% CI OR¢ 95% CI
Never smokers 9,852 0.92 1.00 Ref 1.00 Ref
Former smokers 4,130 1.91 2.282 1.65-3.16 1.872 1.32-2.65
Moderate smokers 2,906 4.65 6.832 5.12-9.13 4.922 3.53-6.86
Increasers 833 7.32 12.362 8.47-18.04 7.122 4.50-11.27
Moderate — light 176 2.27 3.31¢ 1.19-9.22 3.39b 1.21-9.46
Heavy — light 9 0.00 Omitted Omitted

Constant heavy smokers 1,053 12.16 18.212 13.29-24.95 9.312 5.88-14.74
Small increase 617 1.94 2.902 1.57-5.37 2.11¢ 1.08-4.14
Constant light smokers 109 0.92 1.24 0.17-8.91 1.27 0.18-9.22

2P = 0.001.°P = 0.01. °P < 0.05. Non-significant results not marked.

dAdjusted for sex, age, pack-years, chronic bronchitis, asthma, education, physical activity, and alcohol use.

Survival analyses

Table III represents risks for COPD development for
all categories describing change in smoking patterns
in 1975-1981. Figure 2 illustrates risks for COPD
for selected categories. Those who reduced from
moderate to light smoking have a disease risk (mea-
sured as anticholinergic use) similar to constant
moderate smokers and smoking increasers. When
examining 1981 smoking status, we observed ele-
vated HRs for regular anticholinergic medication in
former smokers and all daily smokers (Figure 1).
Only moderate (HR 8.97; P=0.001) and heavy
smokers (HR 22.05; P=0.001) demonstrated ele-
vated risks for special reimbursement, light smokers
being omitted due to lack of observations (not shown
in Figures). Figures 3 and 4 represent cumulative
hazard estimates for COPD by 1981 smoking using
two outcome definitions. Light smokers’ cumulative
risk for regular anticholinergic use approached the
risk of moderate smokers with increasing age.

Discordant twin pair analyses

Conditional logistic regression models were conducted
among 325 twin pairs discordant for outcome. The
main results were replicated, COPD risk being sig-
nificantly elevated among smoking increasers (OR
6.15; P = 0.004), moderate (OR 8.98; P = 0.001),
and heavy smokers (OR 10.17; P = 0.001). Analyses
conducted separately for MZ (n=81) and DZ
(n=213) pairs gave clearly elevated risk estimates
among the same smoking categories, being, however,
statistically significant only among DZ pairs.

Discussion

To our knowledge, this is the first large cohort study
estimating COPD risks among various longitudinal
smoking patterns. Cox models gave similar risk
estimates for smoking increasers, decreasers, and

moderate smokers, suggesting that reducing daily
consumption to 1-4 cigarettes does not alter COPD
risk. Light smoking measured at one point was also
associated with an elevated disease risk. With the
discordant twin pair analyses, we could control for
the common family background, which did not seem
to affect the association between smoking patterns
and COPD. These results support a causal relation-
ship between smoking and COPD. Non-significant
risk estimates among discordant MZ pairs were
likely obtained due to small sample size and multiple
adjusting variables, decreasing statistical power.
Previous results on the effect of smoking reduc-
tion on FEV1 and forced vital capacity (FVC) are
contradictory, although reduction may relieve respi-
ratory symptoms (9,10). Even light smoking is asso-
ciated with respiratory symptoms (30), but only one
earlier study found an association between COPD
and cross-sectionally measured light smoking (6).
When estimating light smokers’ risk, smoking history
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Figure 1. Results of the Cox proportional hazards regression
model for regular anticholinergic medication among smoking
groups in 1981, with never smokers as a reference category (Ref).
Data points represent hazard ratios (HRs) with 95% confidence
intervals (CIs) for each smoking group. Continuous line represents
the result of the trend test.
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Figure 2. Hazard ratios! (HRs) with 95% confidence intervals (95% CIs) for regular anticholinergic medication and special reimbursement
eligibilities among different smoking patterns, with never smokers as a reference group. Only HR for medication is shown if a group has
no observations for special reimbursements. Heavy — light smokers, initiators, and occasional smokers not shown. Notes: !Hazard ratios
(HR) obtained from Cox proportional hazards regression model. 2Hazard ratios results were adjusted for sex, pack-years, chronic bronchitis,
asthma, education, physical activity, and alcohol use. >***P = 0.001 (non-significant results have no asterisks). *P =< 0.001 for special
reimbursement; P value for anticholinergic medication non-significant. >P = 0.001 for anticholinergic medication; P value for special

reimbursement non-significant.

should also be considered, because this smoking
pattern is rarely consistent (19).

Strengths of this study include a large study pop-
ulation, high response rates, long follow-up times,
and reliable registry-based outcome measures. Fur-
ther, we obtained consistent results with different
statistical methods. Sufficient statistical power and
longitudinally measured smoking allowed us to esti-
mate risks for several accurately defined smoking
subgroups. Self-reported smoking seems to be reliable:

e
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Figure 3. Age-adjusted Nelson—Aalen cumulative hazard estimates
for special reimbursement eligibilities according to 1981 smoking
status.

the proportion of smokers in our sample is similar
to that in the general population in the 1980s (17).
Finns’ self-reported smoking has been previously
shown to be highly consistent with their serum coti-
nine levels (31). Since acquired smoking patterns are
stable in middle age (in our data, the majority of
former, moderate, and heavy smokers in 1975 had
the same status in 1981), a 6-year follow-up reflects
long-term behavior and is highly informative in
terms of COPD development. Different follow-up

Heavy smokers
————— Moderate smokers
Light smokers

E I Former smokers
Never smokers

Cumulative hazard
0.00 0.10 0.20 0.30 0.40 0.50 0.60

40 50 60 70 80
Age (years)

Figure 4. Age-adjusted Nelson—Aalen cumulative hazard estimates
for regular anticholinergic medication according to 1981 smoking
status.
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Table III. Hazard ratios (HRs) with 95% confidence intervals (95% CIs) for regular anticholinergic medication and special reimbursement
eligibilities among different smoking patterns. Number of subjects and affected subjects in each category are presented.

% with regular HR for regular % with HR for reimbursement?®
Smoking pattern 1975-1981 n medication medication (95% CI)? reimbursement (95% CI)
Never smokers 9,852 0.76 1.00 0.16 1.00
Occasional smokers 411 0.97 1.29 (0.41-4.08) 0.00 Omitted
Initiators 341 0.59 1.49 (0.36-6.21) 0.00 Omitted
Former smokers 4,130 1.65 1.95 (1.31-2.88)° 0.27 1.67 (0.79-3.55)
Moderate smokers 2,906 3.44 4.92 (3.36-7.19)° 1.20 8.45 (4.37-16.34)°
Increasers 833 5.04 5.41 (3.11-9.39)b 2.28 18.82 (7.71-45.94)°
Moderate — light 176 2.27 5.40 (1.96-14.93)° 0.00 Omitted
Heavy — light 9 0.00 Omitted 0.00 Omitted
Constant heavy smokers 1,053 9.69 8.01 (4.67-13.74)° 2.66 15.82 (5.77-43.39)®
Small increase 617 1.30 1.70 (0.73-3.96) 0.65 5.60 (1.86-16.80)°
Constant light smokers 109 0.92 1.72 (0.23-12.47) 0.00 Omitted

HRs obtained from Cox proportional hazards regression model.

2Results were adjusted for sex, pack-years, chronic bronchitis, asthma, education, physical activity, and alcohol use.

bP =< 0.001. Non-significant results not marked.

times for reimbursement diagnoses and anticholin-
ergic use do not complicate the interpretation of
results, because their outcomes are different.To detect
special reimbursements (usually allocated once in a
lifetime), a long follow-up is essential. By contrast,
once symptomatic COPD develops, it requires con-
stant medication, and even a short follow-up of
medication purchases detects diseased subjects.
Because our disease definition likely missed
patients using other than anticholinergic treatment,
as well as those with mild and subclinical disease,
the results cannot be used to estimate total incidence
of COPD during the follow-up. However, those
with symptomatic COPD were likely well covered.
The reimbursement system supports regular usage of
prescribed medications (26); thus, the majority
of purchases for chronic diseases are registered.
Only medications purchased abroad, used during
hospitalizations, or purchased without presenting the
health insurance card are not tracked by the SII.
Reimbursement data possibly missed more patients
than medication data for two reasons. First, COPD
reimbursement criteria do not encompass mild dis-
ease. Second, asthma and COPD commonly coexist
in aging populations (32,33). Patients suffering from
both more likely have a special reimbursement for
asthma, which is usually diagnosed earlier in life. If
COPD later develops, no new reimbursement eligi-
bility certificate is needed. In 2000, 20% of Finnish
asthmatics aged over 65 used anticholinergics (32),
suggesting that they actually also have COPD.
Although multiple confounders were taken into
account, one limitation of this study is that passive
smoking and occupational exposure were not assessed.
Neither was spirometry conducted, which is the reli-
able way to diagnose COPD (1). It is noteworthy,
however, that spirometry follow-up studies always
involve drop-outs, whereas national register data

drop-outs usually occur only when people move
abroad, which is accounted for in the analysis. More-
over, continuous monitoring of diagnosis onset is not
possible using spirometry. Although our results could
be even stronger if subclinical cases were included,
the association between low-rate smoking and mod-
erate or severe COPD is an important finding.

Among those who reduced from moderate to light
smoking, chronic bronchitis prevalence decreased
from 5.1% (1975) to 2.3% (1981), demonstrating
that reduction may relieve current respiratory symp-
toms. Most affected reducers, however, started regu-
lar medications in the twenty-first century, suggesting
that reduction does not protect against COPD devel-
opment. Light smoking preceded by heavier use seems
to be strongly associated with COPD, possibly because
such smokers relapse to heavier smoking later in life.

Constant light smokers form a very small smok-
ing subgroup. Although we found an increased
COPD risk among 1981 light smokers, constant
light smokers’ risk was not significant. They had,
however, purchased anticholinergics significantly
more often than had never smokers. A similar need
for medication suggests no difference in respiratory
symptoms between light and other daily smokers.
Medication usage may reflect chronic bronchitis or
early COPD. Our follow-up time was possibly too
short to reveal all COPD cases among light smokers,
who were relatively young; mean age was 35 years
(SD 11) in 1981. Whether a longer follow-up would
uncover increased COPD risks also among other
low-rate smokers remains to be elucidated.

To conclude, regarding pulmonary function,
no safe level of daily smoking exists. Even daily
light smoking is associated with certain pulmonary
dysfunction, as indicated by increased use of inhaled
anticholinergics. Other daily smokers represent
clearly elevated COPD risks.
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