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Objective: To examine patterns of ever smoking among Finnish adults by gender and birth cohort from
1978 to 2001, with special emphasis on the possible effects of the 1976 Tobacco Control Act (TCA).
Methods: The data were derived from independent, annual cross sectional postal surveys among 15–64
year olds (n = 91 342), average response rate 75%. For the analyses 13 five year birth cohorts from 1916
to 1980 were constructed. Birth cohort variations in ever regular smoking were first examined graphically,
and then logistic models were used to test the impact of the TCA.
Results: Among men there was a decrease in smoking from older to younger cohorts. For women an
increase in smoking was observed between successive cohorts. A clear decline in the prevalence of ever
smokers concurrent with the TCA was found among both men and women.
Conclusions: The smoking behaviour trends across successive birth cohorts suggest the impact of tobacco
policy in decreasing smoking initiation in youth. These findings thus support the acceptability and
effectiveness of antismoking and smoke free policy measures in society.

T
obacco smoking is a major cause of premature death in
industrialised countries, being a risk factor for cardio-
vascular diseases, chronic obstructive pulmonary disease,

and cancer,1 2 among others. Smoking causes about 35% of all
male and 12% of all female deaths among 35–69 year olds in
developed countries.3

Industrial manufacture of cigarettes has boosted the pre-
valence of smoking in epidemic fashion, reaching a pre-
valence of 50% or more in adult male populations in many
countries.4–7 The trend in Finland has been broadly similar to
that in other Western countries.8 The main exception is that
Finland already had many cigarette factories back in the 19th
century, which led to Finnish men consuming more factory
made cigarettes than anywhere else at the beginning of the
20th century.9

The prevalence of smoking in the Finnish adult male
population was close to 70% until the 1950s, subsequently
declining to about 45% in 1965–70. In contrast, Finnish
women smoked little; at the beginning of the 1960s the
prevalence was 13%.10 From 1978 to 2001, male smoking
declined from 36% to 29%, while female smoking increased
from 17% to 20%.11 12

Nowadays, tobacco consumption in Finland is among the
lowest in Europe.13 Antismoking activities in Finland began
in the 1960s. In 1964 the National Board of Health published
its first report, modelled on the US surgeon general’s report.14

In 1966 the Finnish Tobacco Committee proposed the res-
triction of both cigarette advertising and smoking in public
places. In 1969 the tobacco industry voluntarily stopped
advertising its products on television, and this was banned in
1970. The Second Tobacco Committee for pre-legislative work
was nominated in 1972 and the Finnish Tobacco Control
Act (TCA) was passed in 1976. The TCA prohibited smoking
in most public places and on public transport, restricted
tobacco advertising, and set a 16 year age limit for tobacco
purchases. Manufacturers were obliged to include health
warnings on tobacco packaging, and about 0.5% of tobacco
tax revenue was allocated to tobacco control programmes and
other health promotion initiatives. A total advertising ban
was enforced in 1978.15–18

Tobacco excise taxes have been widely promoted as an
effective tobacco control policy tool to encourage quit-
ting, reduce consumption among remaining smokers, and
decrease smoking initiation. Although tobacco prices in
Finland were raised substantially in 1975–1976, subsequent
annual increases have been either modest or negligible.19

Various other tobacco control policy measures were imple-
mented during the 1980s. Prevention programmes started
in the North Karelia project from 197220 gradually spread
nationwide.
Assessment of the effect of tobacco control measures on

smoking prevalence requires that policy is analysed in the
context of societal processes, together with detailed and
comprehensive information on smoking trends. In principle,
changes in daily smoking prevalence may arise either from
periodical change or from disparate developments in succes-
sive birth cohorts. Rates of smoking initiation may vary,
leading to persistent disparities in the proportion of ever
smokers between birth cohorts. Such differences have been
suggested by earlier Finnish studies. For example, the peak
proportion of male ever regular smokers has been located in
cohorts born in 1911–25, while the first female group to
adopt smoking more widely appears to be those born during
the second world war (in 1941–45).10 21 22 On the other hand,
smoking cessation affects the proportion of daily smokers
within each cohort.
This study analysed trends in ever smoking among adult

Finns and their associations with the 1976 TCA. The dataset
covers the period 1978–2001, which enabled us to examine
the variation of smoking initiation rate via the patterns of
ever regular smoking by successive male and female birth
cohorts. Our baseline hypothesis was that any impact of the
TCA would manifest as a lower initiation rate than could
otherwise be expected among birth cohorts that entered the
critical age range after the TCA became effective. More
specifically, we expected no effects on the prevalence of ever
regular smoking among cohorts that had already passed their
21st birthday in 1976 (born 1955 or earlier), a gradually
increasing effect among those born in 1956–60, and a full
effect among those born in 1961 or later.
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METHODS
Data collection
Since 1978, Finland’s National Public Health Institute (KTL)
has monitored health behaviour among the adult population
by independent, annual cross sectional postal surveys. Each
year a random sample (n=5000) of Finnish citizens aged
15–64 years has been drawn from the Population Register.
The questionnaire, consistently mailed between April and
June with two reminders in 1978–1998 and three reminders
in 1999–2001, has remained essentially the same over the
years. The average, albeit declining, response rate has been
70% among men and 80% among women. In the entire
study data the number of men was 43 809 and of women
47 533 (table 1). From 2002 telephone interview informa-
tion (collected by the Survey Research Unit of Statistics
Finland) on non-respondents’ smoking habits has been
used to correct any effect of the decreased response rate
(see appendix).
For the analyses 13 five year birth cohorts were con-

structed. Persons belonging to the oldest birth cohort were
born in 1916–20 and those comprising the youngest one in
1976–80. Seven of the birth cohorts (1936–40 to 1966–1970)
were followed up through the entire 24 year period.

Definition of smoking status
Respondents’ smoking status was obtained by self adminis-
tered questionnaire, using two, and since 1996 three, ques-
tions: ‘‘Have you ever smoked?’’ (every year), ‘‘Have you
ever smoked regularly (that is, almost every day for at least
one year)‘‘ (pre-1996), and ‘‘Have you ever smoked daily
for at least one year?’’ and ‘‘Have you ever smoked at least
100 times?’’ (post-1996). Those who reported smoking
regularly/daily for at least one year, and at least 100 times,
were regarded as ever regular daily smokers.

Statistical methods
Variations in smoking by age, cohort, and period were first
examined graphically for both sexes. Thereafter, logistic
regression was applied to assess the independent contribu-
tions of age, cohort, and the 1976 TCA.
Because the response rate declined over the study period,

especially in recent cohorts, the resulting bias was corrected
for in the logistic models (see appendix for correction
procedures).
Among both sexes the probability of being an ever regular

smoker increased with age up to 25 years, indicating a rather
stable pattern of smoking initiation (fig 1). Cases aged less
than 19 years were excluded. Figure 1 depicts the age profile
for all birth cohorts and both sexes modelled by a continuous
line that is ascending in the age range 19–25 years, horizontal
from 25 to 49 years, and descending thereafter; the latter
phenomenon may partly reflect the effect of selective
mortality. The slopes of the ascending and descending parts
of the line were modelled by two special age variables (see
footnote to table 2).
The general cohort trends over time were a decrease in

male smoking and an increase in female smoking. Previous
studies have shown that certain cohorts deviated from the
general linear trends,21 22—that is, those born in 1916–1925
(reached smoking initiation age during the second world
war), in 1931–35 (reached smoking initiation age in the
post-war economic depression), and in 1946–50 (the ‘‘baby
boomer’’ generation). Dummy variables were included in the
model to take into account these three cohorts. The
hypothesised effect of the TCA was included in the models
on a sliding scale: for the cohort born in 1956–60 the effect
was allowed to increase by 20% per birth year, while for
cohorts born in 1961 or later the effect was assumed to be
100%. In addition, the interaction between the TCA variable
and birth cohort was included in the model.

Table 1 Number of respondents and participation rates in Finland’s annual adult health behaviour survey, by study period,
sex, and five year birth cohorts

Study period 1978–81 82–84 85–87 88–90 91–93 94–96 97–99 2000–01 Total (n)

Birth cohort

Men 1916–20 583 157 740
1921–25 782 450 298 76 1606
1926–30 919 509 404 438 254 35 2559
1931–35 922 510 450 480 387 389 188 3326
1936–40 943 541 455 500 477 437 434 217 4004
1941–45 1127 641 543 531 496 485 496 330 4649
1946–50 1383 853 715 698 675 679 613 428 6044
1951–55 1162 742 650 654 578 556 511 385 5238
1956–60 993 583 581 602 532 502 575 350 4718
1961–65 637 532 621 615 542 541 474 355 4317
1966–70 24 297 577 558 501 484 413 294 3148
1971–75 118 396 501 457 393 237 2102
1976–80 183 434 473 268 1358

Total (n) 9475 5815 5412 5548 5126 4999 4570 2864 43809
Response rate (%) 80 75 71 73 68 66 63 63 70
Women Birth cohort

1916–20 918 288 1206
1921–25 854 660 397 105 2016
1926–30 850 532 584 496 287 36 2785
1931–35 813 479 500 493 492 400 165 3342
1936–40 807 532 543 533 515 486 443 296 4155
1941–45 891 574 610 599 569 550 553 342 4688
1946–50 1218 771 744 794 731 737 716 483 6194
1951–55 1063 697 688 703 686 641 627 454 5559
1956–60 993 603 688 634 680 640 621 425 5284
1961–65 698 570 651 647 599 603 586 384 4738
1966–70 35 301 619 597 557 556 539 365 3569
1971–75 114 425 530 499 490 296 2354
1976–80 224 540 508 371 1643

Total (n) 9140 6007 6138 6026 5870 5688 5248 3416 47533
Response rate (%) 84 82 81 81 78 77 75 76 80
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Finally, to illustrate the effect of the 1976 TCA on smoking
initiation, we calculated the expected ever regular smoking
prevalence by sex and birth cohort in two ways: (1) the
model described above including age profile, continuous
cohort trend, the three dummies for the deviant cohorts, and
the hypothesised effect of the TCA, and (2) the extrapolation
that used the model to describe the hypothetical situation
where the effects of the three dummies and of the 1976 TCA
were assumed to be zero. We then compared the expected
prevalence of ever regular smoking based on the model to
those expected on the basis of the extrapolation.

RESULTS
A decrease in smoking from older male cohorts to younger
ones was suggested by the graphic analyses. Among men, the
proportion of ever regular smokers was as high as 70%–80%
in the cohort born in 1916–30, compared with no more than
65% among those born in 1951–60 or later (fig 2). Among
women a continuous increase in smoking prevalence was
observed in successive cohorts (fig 3). The proportion of ever
regular smokers was 15%–25% among women born in 1916–
40 but reached 48% among the 1951–60 birth cohort.
In the logistic model for men, after controlling for cohort

and age profile, a clear decline in the prevalence of ever
smokers concurrent with the TCA was found (OR=0.74, 95%
CI=0.68 to 0.81, p,0.001; table 2). Among women the

interaction term between the TCA and cohort trend
(p,0.001) was included in the model, and a decline in the
prevalence of ever smokers concurrent with the TCA was
again clear (table 2). The prevalence of ever regular smoking
was exceptionally high among men born in 1916–25 and in
1946–50, while it was low among men born in 1931–35.
Among women, those born in 1916–25 formed an exception
to the general cohort trend.
Table 3 presents the observed prevalence (corrected for the

effect of non-response), the prevalence estimated by the
models described in table 2, and the prevalence expected in
birth cohorts assuming that the smoking trends observed
before the effect of the TCA in 1976 had continued, calculated
on the basis of the extrapolation. The estimates based on the
models including the effect of the TCA appear to fit rather
well to the observed prevalence, calculated in three broad age
intervals (19–34, 35–49, 50–64) among those cohorts for
which actual prevalence data at these ages were available—
that is, for those born in 1946 – 80, 1931 – 65, and 1916–50,
respectively.
Among women, a continuation of the earlier trend would

have implied a dramatic increase in the prevalence of ever
regular smoking in cohorts born after 1955 while among men
a slow decline would have been expected. Smoking initiation
in these cohorts who reached initiation age when the 1976
TCA was operational, was less common than expected based

Figure 1 (A) Ever regular smoking by
age and sex in cohorts born 1951–
1980. (B) Ever regular smoking by age
and sex in cohorts born 1926–1940.

Table 2 Variation of the prevalence of ever regular daily smoking according to age and
birth cohort, and the effect of the 1976 Tobacco Control Act (TCA) by sex. For men only
the main effects and for women also the interaction term between the TCA and cohort
trend (p,0.001) were included. Odd ratios (OR) and 95% confidence intervals (CI) of
logit model. Corrected for the bias attributable to declining response rate

Variable Men OR 95% CI Women OR 95% CI

Age—young* 1.09 (1.07 to 1.11) 1.05 (1.03 to 1.07)
Age—old� 0.98 (0.94 to 1.02) 0.93 (0.89 to 0.97)
Cohort (trend)` 0.96 (0.94 to 0.98) 1.301 (1.28 to 1.33)
Deviant cohorts:
Cohort 1916–25 1.33 (1.18 to 1.49) 1.49 (1.31 to 1.69)
Cohort 1931–35 0.88 (0.81 to 0.96) 0.97 (0.88 to 1.07)
Cohort 1946–50 1.09 (1.03 to 1.16) 1.01 (0.96 to 1.07)

TCA 1976:
before 1.00 – 1.00 –
after 0.74 (0.68 to 0.81)

Women
1961–1965 0.45 (0.35 to 0.57)
1966–1970 0.34 (0.26 to 0.45)
1971–1975 0.26 (0.19 to 0.36)

*Age—young: if age , 25 then age—young = age 2 25; if age > 25 then age—young =0 (note that OR gives the
relative change during an age interval of one year). �Age—old: if age ( 49 then age—old = 0; if age . 49 then
age—old = (age-49)/5 (note that OR gives the relative change during an age interval of five years). `Cohort: (birth
year 21950)/5 (note that OR gives the relative change during a cohort interval of five years). 1Before the effect of
the TCA (birth cohorts born 1916–1955).
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on the extrapolation. The difference between the observed
prevalence of ever regular smoking and that expected on
the basis of the extrapolation, which may be taken to
estimate the impact of the TCA, turned out to be about seven
percentage points (p,0.001) among men and about 20
percentage points (p,0.001) among women born in 1961–65,
and among the younger cohorts even more (table 3, fig 4).

DISCUSSION
These analyses gave important information on the dynamics
of smoking in Finland. We found a rather consistent age
pattern in ever regular smoking initiation. The lasting dif-
ferences between birth cohorts of both men and women as
regards ever regular smoking may well reflect the impact of
antismoking policy measures. Smoking initiation among

Figure 2 The proportion of ever regular male smokers by birth cohort
and age.

Figure 3 Proportion of ever regular female smokers by birth cohort and
age.

Table 3 Ever regular daily smoking among men and women by five year birth cohort: the observed prevalences and those
expected on the basis of the model* and extrapolation�. Corrected for the bias attributable to declining response rate

Men
Observed
(%)

Model
(%)

Extra-
polation (%)

Model-
Extrapolation Women

Observed
(%)

Model
(%)

Extra-
polation (%)

Model-
Extrapolation

Observed: age group 50–64 year old, in the models age = 57 year old
1916–20 72.0 74.4 68.4 +6.0 1916–20 13.9 15.6 11.0 +4.6
1921–25 75.2 73.6 67.6 +6.0 1921–25 20.1 19.6 13.9 +5.7
1926–30 66.6 66.8 66.8 0 1926–30 19.3 17.4 17.4 0
1931–35 63.0 63.1 65.9 22.8 1931–35 21.9 21.0 21.6 20.6
1936–40 64.4 65.0 65.0 0 1936–40 24.3 26.4 26.4 0
1941–45 66.6 64.2 64.2 0 1941–45 32.6 31.9 31.9 0
1946–50 67.0 65.3 63.3 +2.0 1946–50 40.9 38.2 37.9 +0.3
Observed: age group 35–49 year old, in the models age = 42 year old
1931–35 63.9 63.8 66.6 22.8 1931–35 21.3 23.0 23.6 20.6
1936–40 65.0 65.7 65.7 0 1936–40 26.9 28.7 28.7 0
1941–45 65.9 64.8 64.8 0 1941–45 35.7 34.4 34.4 0
1946–50 66.1 66.0 64.0 +2.0 1946–50 41.0 40.9 40.6 +0.3
1951–55 63.0 63.1 63.1 0 1951–55 48.3 47.2 47.2 0
1956–60 60.7 59.5 62.2 22.7 1956–60 47.5 48.5 53.8 25.3
1961–65 56.7 53.9 61.3 27.4 1961–65 41.8 40.6 60.3 219.7
Observed: age group 19–34 year old, in the models age = 24 year old
1946–50 64.8 64.1 62.0 +2.1 1946–50 40.1 39.8 39.5 +0.3
1951–55 62.2 61.1 61.1 0 1951–55 49.2 46.0 46.0 0
1956–60 56.8 57.4 60.2 22.8 1956–60 44.5 47.3 52.6 25.3
1961–65 49.9 51.8 59.3 27.5 1961–65 38.4 39.4 59.2 219.8
1966–70 50.0 50.4 58.4 28.0 1966–70 40.5 39.4 65.4 226.0
1971–75 47.9 49.1 57.4 28.3 1971–75 39.1 39.4 71.1 231.7
1976–80 40.5` 47.7 56.5 28.8 1976–80 33.0` 39.4 76.3 236.9

*The model: age profile + three dummies for the deviant cohorts + continuous cohort trend + TCA + TCA6continuous cohort (see table 2). �In the extrapolation the
model was used so that the effects of the three dummies and the effect of the TCA were assumed to be zero. `The observed smoking prevalence was lower than the
estimated prevalence because almost all members in this cohort were 19–24 year old. The observed points where number of cases was less than 200 were
excluded.
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members of the 1961 or later birth cohort was less common
than among earlier birth cohorts.
Smoking prevalence is reduced by decreasing the rate of

initiation and increasing the rate of cessation. Among
Finnish men smoking initiation declined from earlier to later
cohorts, whereas among women it increased in successive
birth cohorts. The general cohort based trends in smoking
prevalence identified here are quite similar to those found in
cohort studies in other Western industrialised countries.5 23–25

The harmful effects of smoking began to impact public
awareness in the late 1950s, after publication of the first large
scale epidemiological studies into the association of lung
cancer with smoking.14 It is widely known that adverse health
effects encourage smokers to quit, but moreover society’s
response to this health threat is important. The antismoking
climate in Finland began to shift in the 1960s, and noticeable
changes had already occurred by the mid-1970s, before the
TCA of 1976. Implementation of legislation builds coalitions
in antismoking activities thus increasing the awareness on
health effects. Smoking prevalence trends among men have
been positive, contrasting with the situation among women.
Similar divergence has been found in previous studies.5 22–25 It
has been argued that the sexes differ in their response to
antismoking policies.26 However, the trends in the smoking
habits of birth cohorts seen in this study are compatible with
the assumed effects of Finland’s antismoking policy among
both men and women. Among both sexes, smoking initiation
in members of the cohort born in 1961 or later was less
common than was expected on the basis of trends among the
earlier birth cohorts as they were exposed to direct campaigns
and reached the age of smoking initiation when or after the
1976 TCA came into force. It is possible that the tobacco price
rise in 1975–1976 had an additional impact, especially among
women who, according to previous research, are more
responsive to price.26

An important question is to what extent the observed
changes in smoking habits can be attributed to bias. Firstly,
the differential mortality among smokers compared with
non-smokers has to be considered. In some previous cohort
studies on smoking the effect of selective mortality in
younger birth cohorts has been estimated to be small.23 In
this study a decline in the prevalence of ever smoking was
observed in the oldest age groups that may partly reflect the
effect of selective mortality. This phenomenon was taken into
account when modelling the age profile. Anyway, the
influence of selective mortality is likely to be mild in this
study because in Finland overall mortality among under 65
year olds does not exceed 2%.27

Secondly, the response rate of the survey decreased over
the study period. It is well known that non-response has
harmful effects on the external validity of study results.28 29

Disparities between respondents’ and non-respondents’
smoking histories may lead to distortions in observed
smoking prevalence. In our study the prevalence of ever
regular smokers was corrected on the basis of information

about non-respondents’ smoking habits, but the influence of
the correction on the results was very mild.
Thirdly, the misclassification of self reported smoking

status has to be considered. In an earlier Finnish population
based study, high validity of self reported smoking was

Key points

N Finland has a long history of tobacco control policy
measures.

N Current tobacco consumption in Finland is among the
lowest in Europe.

N Disparities between birth cohorts in the prevalence of
ever smoking are compatible with the assumed effects
of Finland’s 1976 Tobacco Control Act among both
men and women.

Figure 4 Ever regular daily smoking among men and women by five
year birth cohort according to observed prevalence and the model
estimated prevalence. The dotted lines use the model to extrapolate the
hypothetical situation where the effects of the three dummies and the
effect of the 1976 Tobacco Control Act (TCA) were assumed to be zero.
Estimated prevalence in the model and in the extrapolation was
calculated at age 42, which represents the age interval 25–49.
Corrected for the bias attributable to declining response rate. The
observed points where number of cases was less than 200 were
excluded.

Policy implications

N Finland has a long history of high male smoking, and
based on the harms caused by the high smoking rate,
three decades long experience in the use of national
tobacco control policy measures.

N Current tobacco consumption in Finland is among the
lowest in Europe.

N Results of this study suggest strongly that the instru-
ments of control codified in the Finnish tobacco law
and its amendments have considerably contributed to
the decrease on smoking among Finnish men, and to
keeping Finnish female smoking on the lower level.

N Finnish experience may be used as a model and
rationalisation for other national tobacco law reforms.
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observed using serum cotinine concentrations to validate
smoking status.30 Therefore, misclassification of smoking
status attributable to self reporting is probably of minor
significance.
Our study suggests that examination of smoking behaviour

by birth cohort is a useful tool when evaluating the effects of
antismoking policies and providing information for future
public health planning. In our opinion, these findings
corroborate the acceptability and potential effectiveness of
antismoking policy measures in a society.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

S Helakorpi, T Martelin, J Torppa, K Patja, E Vartiainen, A Uutela,
National Public Health Institute (KTL), Helsinki, Finland

Funding: none.

Conflicts of interest: none declared.

APPENDIX

CORRECTION FOR NON-RESPONSE
Because the response rate of the survey declined over the
study period, the resulting bias was corrected. For this
purpose we used information on smoking habits from a
telephone survey undertaken by the Survey Research Unit of
Statistics Finland on a random sample of 1024 non-
respondents of the postal questionnaire survey of Finnish
adults in 2002 (response rate 65%). The response rate of the
telephone survey was 71%.
For the models the postal questionnaire data was corrected

as follows: if the response rate was under 80% among men
(among women 85%) extra artificial cases were included so
that the response rate increased to 80% (among women
85%). The number of artificial cases (NRESNUM) was
calculated as follows:

where RESPNUM was the number of respondents in the
questionnaire surveys and responserate the response rate in
each year for 10 year age groups by sex in the postal
questionnaire surveys.

where SMONUM was the number of smokers in the postal
questionnaire survey and nonrespsmokingrate was the smoking
rate in the telephone interview survey (among the non-
respondents in questionnaire surveys).
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