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ABSTRACT
Objectives: Providing lifetime smoking prevalence data
and gender-specific cigarette consumption data for use
in epidemiological studies of tobacco-induced cancer in
Norway. Characterising smoking patterns in birth cohorts
is essential for evaluating the impact of tobacco control
interventions and predicting smoking-related mortality.
Setting: Norway.
Participants: Previously analysed annual surveys of
smoking habits from 1954 to 1992, and individual
lifetime smoking histories collected in 1965 from a
sample of people born in 1893–1927, were
supplemented with new annual surveys of smoking
habits from 1993 to 2013. Age range 15–74 years.
Primary outcome measure: Current smoking
proportions in 5-year gender-and-birth cohorts of people
born between 1890 and 1994.
Results: The proportion of smokers increased in male
cohorts until the 1950s, when the highest proportion of
male smokers (76–78%) was observed among those
born in 1915–1934. Among women, the peak (52%)
occurred 20 years later, in women born in 1940–1949.
After 1970 smoking has declined in all cohorts of men
and women. In the 1890–1894 cohorts, male smoking
prevalence was several times higher than female, but the
gap declined until no gender difference was present
among those born after 1950. Gender-specific per capita
consumption was even more skewed, and men have
consumed over 70% of all cigarettes since 1930. The
incidence of lung cancer for men peaked at around 2000,
with the highest incidence rate estimated at ca. 38%. The
incidence of lung cancer for women is still increasing,
and estimated incidence rate for 2011 was 25.2%.
Conclusions: In an epidemiological perspective, men
have had a longer and more intense exposure to
cigarettes than women. The gender-specific incidence of
lung cancer reflects the gender difference in
consumption over time.

INTRODUCTION
The rise and fall in smoking prevalence over
time is remarkably similar across developed
countries. From being almost non-existent in

the late 1800s, cigarette consumption rose
exponentially and peaked around the middle
of the 20th century, in a development resem-
bling the pattern produced by an epidemic
with four distinct phases.1 2

In the first phase (1900–1920), increased
popularity of cigarettes, particularly in
higher social strata, signalled the initiation of
mass smoking among men, while for women
smoking remained marginal. In the second
phase (1920–1950), smoking prevalence
increased sharply. Generally more than half
the men and around 20% of women were
smokers at the end of this period. During
the third phase (1950–1980), smoking
among men started to decline, especially in
groups with a higher socioeconomic status,
while smoking among women reached a
maximum of approximately 40%. In the last
phase, which is still continuing (1980–),
smoking prevalence has gone down, and is
currently at around 20% for both genders.3 4

Tobacco smoking caused an estimated 13%
of deaths in Norway for people over the age

Strengths and limitations of this study

▪ The study gives an update of smoking preva-
lence in Norwegian cohorts for the past
25 years, a period characterised by extensive
tobacco control activity. The total time-span
included in the study is close to 90 years.

▪ The historic association between the gender-
specific lung cancer incidence and the gender
difference in consumption is inspected.

▪ Mapping cigarette consumption over many gen-
erations is challenging in terms of accuracy of
the measurements. In addition to the difficulties
involved in measuring unregistered consumption,
other factors that might have affected the results
are increasing under-reporting of smoking status
over time and the absence of a measure for
excess mortality among smokers.
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of 35 in 2009.5 The close association between smoking
duration and most smoking-related diseases implies that,
in addition to smoking prevalence, the age-composition
of the smoking population influences this mortality. The
incidence of lung cancer provides an excellent example
of the long delay that can exist between aggregated
tobacco consumption and the occurrence of disease.6

Findings have indicated that lung cancer is more closely
associated with smoking duration than with smoking
intensity.7 8

Improved knowledge about smoking prevalence in dif-
ferent age groups might facilitate better predictions of
the future health consequences from smoking.
The historic diffusion of cigarette smoking in Norway

until the beginning of the 1990s, reflecting the first
three stages of the diffusion model,1 has been estab-
lished by Rønneberg, Lund and Hafstad,9 and Lund.10

Since then, another quarter of a century can be added
to the 100-year period of mass-consumption of cigarettes
in Norway. During this last period, nearly all antismok-
ing political measures recommended by the WHO have
been implemented in Norway. Norway currently has one
of the highest rankings in a European index of tobacco
control activities.11

The slow dynamic of the epidemic, and the delay
between aggregated tobacco consumption and disease,
highlight the importance of a systematic study of cigar-
ette consumption over the past decades. On this back-
ground we have made an update of the development in
Norwegian cigarette smoking trends, by adding new
cohorts from the fourth stage, covering the period
1990–2013. We have also utilised prevalence data from
the analysis of cohorts from 1890 to 2013 to establish
gender-specific consumption data in order to describe
the association between cigarette use and lung cancer
incidence in a long-term perspective in Norway.

METHODS
We have updated the previous results of Rønneberg
et al9 with new data for the years 1992–2013, using the
same methodology and measures as in the 1994-study.

Data sources
For the years until 1992, the estimated prevalence of
smokers in birth cohorts was retrieved directly from the
study by Rønneberg et al,9 in which data from three dif-
ferent sources was combined to obtain prevalence data
for birth cohorts from 1890 to 1974 (table 1). First, for
the years prior to 1955, the information came from a
cross-sectional survey conducted in 1965, in which the
Cancer Registry of Norway collected retrospective
smoking histories from a representative sample of men
and women born in 1893–1927. Second, information on
smoking status split by gender and age groups for the
period 1954–1973 was taken from biannual reports
based on monthly telephone surveys, and published by
the commercial pollster Nielsen Norway.

Third, for the years 1973–1992, data on smoking status
was obtained from annual cross-sectional surveys among
15–74-year-olds, conducted by Statistics Norway, a gov-
ernment body responsible for official statistics.
This series of annual cross-sectional surveys was the

source also for the additional data used in the current
study, calculated for the years 1993–2013. For all these
surveys (1973–2013), samples of 15–74-year-olds were
drawn from Statistics Norway’s own database, updated
each month with the National Population Register, and
representative of the population in the survey years. The
gross sample sizes before 1993 included 2500–3000
people each year, with response rates ranging from 63%
to 80%, with a decreasing tendency over time.3 For the
years 1993–2013, yearly gross sample sizes were 2500–
7900 people, and response rates were in the range 55–
71%, decreasing over time. Group sizes (within gender
and birth cohorts) ranged from 306 to 6673 individuals,
with the earliest cohorts represented by the smallest
number of people, and cohorts born in the mid-1950s
with the largest.

Measures
The proportion of daily smokers in 5-year gender-and-birth
cohorts, defined as all those of one gender born in the
same 5-year period, was calculated for progressive ages
from the sources listed in table 1. Years of birth ranged
from 1890 to 1994. Smokers included daily users of man-
ufactured cigarettes, roll-your-own, pipe tobacco, cigars
or a combination of these.
Total sales: The Norwegian Directorate of Customs and

Excise have recorded domestic annual sales of tobacco
since 1927. Sales of loose tobacco have been reported by
weight, and manufactured cigarettes were converted to
weight from the registered number sold (1 cigarette
equals 1 g). Estimates of the magnitude of border trade
and travellers’ tobacco import12–14 were added to regis-
tered sales.
Relative proportion of tobacco consumption: Prevalence esti-

mates and consumption intensities were obtained from
the sources listed in table 1. To increase the stability of
the results, all calculations were based on 3-year moving
averages. Interpolation was used to replace missing con-
sumption data.
For each year (1927–2013), smoking prevalences for

men and women were multiplied by the number of
male and female inhabitants over 15 years, obtained
from Statistics Norway. The resulting gender-specific
number of smokers was multiplied by average self-
reported daily consumption giving a measure for accu-
mulated daily consumption within each gender and for
each year. These accumulated daily consumption mea-
sures were used to calculate the gender proportion of
consumption for the years 1927–2013, accounting for
gender differences in consumption intensity and
smoking prevalence.
Gender-specific per capita consumption: Total annual sales

(registered+unregistered) were multiplied with the

2 Lund I, et al. BMJ Open 2014;4:e005539. doi:10.1136/bmjopen-2014-005539

Open Access

 on A
pril 18, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-005539 on 17 O

ctober 2014. D
ow

nloaded from
 

http://bmjopen.bmj.com/


relative proportion consumed by each gender. To obtain
annual per capita figures, total consumption was divided
by the number of inhabitants over 15 years.
Age-adjusted incidence rates for lung cancer

(International Classification of Diseases 10 (ICD 10)
code C33-34) per 100 000 person-years for the period
1957–2011 were obtained from the Cancer Registry of
Norway.15

RESULTS
Birth-cohort perspective
Over the last century, there has been large variability in
the proportion of smokers within and across cohorts
(table 2). Within male cohorts the typical development
has been a gradual increase in the proportion of
smokers from the youngest age groups and up to the
age of 30, when the situation tended to stabilise for a
number of years, followed by a decline in smoking preva-
lence in the higher age groups. While in the earliest
cohorts this decline usually started around the age of 60,
an increasing tendency in later cohorts has been for this
decline to start earlier in life. For cohorts born after
1950, smoking prevalence started to decline as early as
the age of 30, and in effect there was no prolonged
period of stable smoking prevalence in the subsequent
cohorts.
The highest proportions of male ever-smokers were

observed in cohorts born between 1905 and 1935, with
peak prevalence often above 70%, and occurring when
the cohorts were between 20 and 45 years old. The
single highest smoking prevalence of 78% was found for
the age group 20–24 years, for the cohort born in 1925–
1929.
Among women, the prevalence of smoking has

changed in a similar manner, but with a 20-year
time-lag, and at lower (peak) prevalence levels. The
highest prevalence reached by women was 52% among

25–29-year-olds from the 1940 to 1944 cohort, and
20–24-year-olds from the 1945 to 1949 cohort. Even for
female cohorts there was a clear tendency for the pro-
portion of smokers to increase in younger age groups
and decline towards old age. As for men, this decline
tended to set in at earlier ages in later cohorts.
A more visual way to illustrate these findings is dis-

played in figure 1, where the age and birth dates are
used to calculate smoking prevalence in cohorts in
5-year intervals from 1915 to 2010. Similar to table 2,
figure 1 shows how the proportion of smokers first
increased and then decreased with age within all
cohorts. The differences in absolute levels and the
time-lag between men and women are also clearly
demonstrated.
The downward trend observed in male cohorts after

the mid-1950s9 has continued to the end of our observa-
tion period. For female cohorts, the sign of a decline
started to appear in some cohorts after the mid-1970s,
while the years after 1990 have been characterised by
declining smoking prevalence in all cohorts. Large
groups of smokers within the younger female cohorts
had quite short smoking careers. Women born during
1970–1974 for example, sustained the maximum cohort
smoking prevalence of 32–33% only for about 0.5–1
decade before it started to diminish in the first half of
the 2000s.

Age-group perspective
Variations in smoking over time are also demonstrated
in figure 2, where the proportion of smokers in three
specific age groups (15–19, 25–29 and 70–74 years) are
drawn as coloured lines. The cohorts from figure 1 are
indicated in grey. Among men, the youngest age group
has consistently had a lower prevalence of smoking than
the older age groups. Among women, 15–19-year-olds
have tended to smoke more than higher age groups
from earlier cohorts. For both genders, 25–29-year-olds

Table 1 Data sources for smoking habits in the population

Source Data obtained by: Sample size Age range Available as:

Nielsen Norway’s monthly

surveys 1954–1992*

Guided interview 12 000–

20 000 per

year

1954–1957: 18–29,

30–44, 45–59, 60+

1958–1966: 15–29,

30–44, 45–59, 60+

1967–1992: 15–19,

20–29, 30–44, 45–64,

65+

Half-yearly reports with results

tabulated for each age group

The Cancer Registry

survey 1965*

Self-administered

questionnaire

14 245 37–73 Individual data

Statistics Norway’s

annual surveys 1973–92*

Guided interview 2500–3000

per year

15–74 Individual data

Statistics Norway’s

annual surveys

1993–2013

Guided interview 2500–7900

per year

15–74 Individual data

*From Rønneberg et al.9
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have had a high proportion of smokers relative to other
age groups. Among women this was the age at which
smoking prevalence was highest until approximately
1985. The smoking prevalence in the oldest age group
has consistently been quite low for both genders.
However, while the proportion of smokers among 70–
74-year-olds has been declining among men since the
end of the 1970s, it has remained stable among women
since the mid-90s.

Gender-specific cigarette consumption
For men, annual consumption of cigarettes per person
(over 15 years) peaked at 2.8 kg in the middle of the
1970s (figure 3). Approximately 30 years later, consump-
tion had reduced to 1.5 kg, about the same as at the end
of the 1920s. For women, consumption peaked at
around 1990, at 1.8 kg per person. After this, consump-
tion decreased to about 1.2 kg in 2010. The result of the
combined effect of higher prevalence rates and higher

Table 2 The proportion of current smokers for Norwegian men and women by 5-year birth cohorts 1890–1994, and 5-year

age groups 15–74 years*

Birth cohorts

The proportion of smokers by age (%)

15–19 20–24 25–29 30–34 35–39 40–44 45–49 50–54 55–59 60–64 65–69 70–74

Men

1890–1894 37 53 56 57 56 57 57 57 57 57 46 39

1895–1899 40 57 61 61 61 62 62 63 62 52 45 41

1900–1904 43 62 66 68 68 69 69 68 59 53 47 32

1905–1909 44 63 67 70 71 71 70 66 56 53 43 39

1910–1914 47 67 71 74 74 73 68 61 58 52 41 32

1915–1919 46 70 75 77 75 73 65 61 50 40 42 33

1920–1924 49 75 76 75 73 67 61 57 44 42 33 29

1925–1929 55 78 76 73 67 61 61 48 48 38 30 25

1930–1934 57 76 71 66 61 52 41 43 42 29 28 19

1935–1939 57 70 61 61 54 42 46 39 37 28 20 17

1940–1944 42 57 60 52 48 46 41 37 29 27 17

1945–1949 35 52 54 48 47 42 38 35 28 23

1950–1954 36 51 49 46 43 40 39 28 24

1955–1959 37 40 41 45 40 35 31 26

1960–1964 27 38 36 37 33 27 23

1965–1969 25 37 38 34 28 20

1970–1974 18 32 33 24 20

1975–1979 26 33 26 19

1980–1984 23 27 21

1985–1989 17 18

1990– 8

Women

1890–1894 1 2 3 3 4 6 7 9 10 10 4 5

1895–1899 1 3 4 5 7 10 12 15 15 10 8 7

1900–1904 1 4 7 10 13 16 19 21 15 13 13 7

1905–1909 2 8 11 15 20 24 26 21 18 19 11 11

1910–1914 4 11 17 23 27 30 25 22 24 19 12 10

1915–1919 5 15 24 31 35 30 27 29 24 22 13 16

1920–1924 8 26 36 37 34 34 34 32 25 24 21 16

1925–1929 13 37 40 37 38 38 35 30 29 27 22 15

1930–1934 23 42 40 38 43 37 37 35 33 27 22 15

1935–1939 28 40 39 47 42 32 38 31 31 23 18 15

1940–1944 27 39 52 39 36 34 38 34 30 23 17

1945–1949 26 52 46 42 40 39 36 36 28 21

1950–1954 35 47 43 44 44 37 39 30 23

1955–1959 36 42 45 43 41 33 30 27

1960–1964 29 41 41 37 34 32 24

1965–1969 23 34 34 34 28 24

1970–1974 24 32 31 25 18

1975–1979 23 31 23 16

1980–1984 27 29 20

1985–1989 17 19

1990– 10

*Numbers in italics are from Rønneberg et al.9
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consumption intensities was that men consumed about
95% of all cigarettes around 1930, while in the past few
decades they consumed about 55% of the total quantity.
Figure 3 also depicts time trends for the incidence of

lung cancer. Among men, the rate increased rapidly
throughout the second half of the 20th century, and
peaked around 2000, with a maximum incidence rate of
approximately 38%. Among women, the rate has been
considerably lower, the increase started later, and the
incidence has not yet peaked. In 2011 the female inci-
dence rate was 25.2%. The latency period between cigar-
ette exposure and lung cancer incidence was around
30 years for both genders, confirming results from
earlier research.15 16

DISCUSSION
Our study shows that the 20th century smoking epidemic
hit Norwegian men much harder than women. While
consumption of cigarettes per capita for men reached a
maximum of 3 kg around 1970, consumption for
women reached an all-time high of 1.7 kg in the 1990s.
The gender-specific lung cancer trends, with a levelling
off observed in men in recent years and a rapid increase
in women, largely reflect the time lags in tobacco use
patterns for men and women.
The all-time maximum smoking prevalence of around

75% was found during the 1950s, among men born
between 1920 and 1935, who were then in their 30s and
40s. For male cohorts born after 1935, our study demon-
strates a steady drop in peak smoking prevalence, a

trend that has continued in the most recent cohorts. For
women, peak smoking prevalence increased until the
1940–1944 cohort reached their late 20s around 1970.
Peak prevalence has then dropped in successive cohorts.
All cohorts of men reported higher daily cigarette

consumption than women during the entire period.
This difference explains why men continued to
consume more tobacco than women, despite the

Figure 1 The proportion of current smokers 1915–2010 in

Norwegian men and women by birth cohort.

Figure 2 The proportion of current smokers in three

Norwegian age groups 1905–2013.

Figure 3 Estimated total annual sales in grams per capita

1927–2013 (registered and unregistered) and yearly lung

cancer incidence 1957–2010, men and women.
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gender-convergence in smoking prevalence in cohorts
born after 1970. Owing to their longer and more
intense exposure to cigarettes, men have consumed
more than 70% of the approximately 1.5 trillion cigar-
ettes smoked in Norway since 1930.

Age, cohort and period effects
Age, period and cohort effects are mathematically
dependent, and cannot be studied independently.
Smoking tends to be reduced by age, particularly after
mid-life. External shocks may influence smoking preva-
lence across all ages, and create period effects. New
cohorts might take up smoking to a larger or smaller
degree than previous cohorts. Our results reflect all
these effects. Reduced smoking prevalence in older age
is a typical trait of all cohorts, although the point at
which this reduction starts has shifted downwards.
Period effects and cohort effects can be particularly dif-
ficult to separate. Since the 1960s, the smoking environ-
ment has been characterised by a series of external
shocks as regulations and limitations have become pro-
gressively stricter, and the level of knowledge about
harms from smoking has increased. While increased
tobacco consumption in the first half of the 1900s coin-
cided with extensive commercial pressure linking cigar-
ette smoking with modernism, a refined lifestyle, and
elegance,10 the decline in tobacco consumption among
men started at the time when nationwide tobacco legisla-
tion was implemented. In 1975, the first publicly
financed health information campaign was launched by
the State Information Services. In the same year, a total
ban on all tobacco commercials was implemented,
health warnings on cigarette and tobacco packs were
introduced, and a 16-year age limit for buying and
selling tobacco became effective. The law was later
expanded to protect people from passive smoking in
work places and means of transportation (1989), and in
places where food was served (2004), new nicotine pro-
ducts were banned (1989), more (1984) and larger
(2003) health warnings were introduced and the age
limit for buying and selling tobacco was raised to
18 years (1995). The real price of tobacco increased
several times, systematic preventive measures were insti-
gated, and campaign activity was intensified.
These initiatives from the authorities have probably sti-

mulated both period effects, discouraging existing
smokers of all ages from continued smoking, and cohort
effects, such that fewer people from new cohorts would
take up smoking, for example due to reduced availability
for adolescents after the introduction of age limits.
Interaction between period and cohort effects is also not
unlikely.
One might for example argue that reduced smoking

among parents, which could be a result of a period
effect, stimulates a child-rearing atmosphere which dis-
courages smoking, thus accelerating a cohort effect for
the next generation.

Factors outside the direct control of the authorities,
such as the changed symbolic content of smoking, the
lowered status of user groups, have most likely aided
these processes. In addition it is probable that the
launching of nicotine-containing drugs to quit smoking,
and the renaissance of the smokeless tobacco snus, have
influenced both smoking cessation rates and smoking
initiation rates in this time period.

Duration of smoking careers
Our results suggest that the time frame for maximum
smoking prevalence within cohorts has been shrinking,
from including the larger part of adult life for those
born in the first half of the 20th century, to involving
only people in their 20s and 30s for those born in the
second half. This result is not unique to the current
study. A study of US cohorts born between 1900 and
1980, showed that cessation rates started to increase
from age 30 after 1960 for men, and after 1970 for
women,17 while increasing age-specific cessation rates
were seen in progressively more recent US cohorts born
after 1965.18 For Ontario-cohorts born between 1940
and 1975, Birkett19 found that the period until one-third
of the smokers had quit was much reduced from the
1940 cohort to the 1970 cohort. An analysis of British
birth cohorts from the 20th century similarly showed
that the age at which smokers quit appeared to be
falling in successive cohorts.20

Seen in the light of the long-term character of most
smoking-related diseases, the tendency for shorter
smoking careers is positive. An important factor in the
long-term effect on public health is not just how many
adolescents start smoking, but also how the proportion
that smokes varies within birth cohorts as people reach
middle to old age. As shown repeatedly,21–23 even
middle-aged smokers who quit smoking will increase
their life expectancy to almost never-smoking levels
within a few years. However, long time lags between
population smoking and disease implies that health
improvements at the population level may take some
time to materialise, as illustrated by the approximately
30-year time-lag between the incidence of lung cancer
and sales of tobacco in figure 3.

Delays in changes among women
Women started to smoke later than men both historic-
ally and biographically, a result also observed in
Canada19 and the USA.24 This gender difference must
be interpreted in the light of the restrictive norms for
female smokers, which prevented the industry from tai-
loring market campaigns specifically for women in the
early days. The increase in smoking among women was
associated with more liberal norms and the subsequent
increase in marketing directed towards women.10

The authorities’ antismoking campaigns started at an
earlier point in the development of smoking habits for
women than for men, and this has probably contributed
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to the lower level of tobacco consumption at the time of
culmination among women.
The delayed decline in women’s total tobacco con-

sumption was caused by a cohort effect. In the 1970s,
elderly female smokers were rare, as it had been uncom-
mon for women to smoke when they were young in the
1920s and 30s. As the women who grew up in the more
smoking-positive atmosphere in the 1950s grew older,
their relatively high share of smokers diminished the
effect of reduced consumption among women from
more recent cohorts. However, this cohort effect
decreased towards the turn of the century, and since
then women have reduced their tobacco consumption
to the same extent as men.

Limitations
Mapping cigarette consumption over a period of nearly
90 years is challenging in terms of accuracy of the mea-
surements. Heterogeneity between the various surveys in
terms of sampling methodology, administration of the
questionnaire, and sample characteristics may have influ-
enced the measures of smoking prevalence derived from
each survey. Unregistered consumption is inherently dif-
ficult to measure correctly, some point estimates are
missing (1940–1945) and the estimates include only
border trade and tourist import, and not smuggling.
Furthermore, the one-to-one conversion of cigarettes to
weight is a simplification that has given estimates that
are too high for recent years, as the weight of machine-
made cigarettes has become somewhat reduced since
the 1980s. However, results from representative surveys
of supply sources have corresponded well with the
industry-supplied information used to obtain the
unregistered consumption estimates, and smuggling has
been shown to have contributed only modestly to cigar-
ette consumption in our study period.25

Interpolation and reconstruction was necessary for
some annual prevalence and intensity observations early
in the period, and some point observations are therefore
less reliable for the years 1927–1954 than in later
periods. Under-reporting of smoking status may have
increased over time, as smoking now deviates more from
accepted norms.26 The absence of a measure for excess
mortality among smokers is also a limitation, as the
lower proportion of smokers in older age groups results
partly from excess smoker mortality.
Despite these limitations, we believe that the overview

is representative for the development of cigarette con-
sumption for both men and women.

CONCLUSION
Men have consumed more than 70% of all cigarettes
smoked in Norway since 1930. In an epidemiological
perspective, men have had a longer and more intense
exposure to cigarettes than women. The reduction in
smoking started in the 1950s in male cohorts, and in the
1970s in female cohorts. The gender-specific lung

cancer trends largely reflect the time-lag in tobacco use
patterns for men and women, and confirm the 30-year
latency period found previously.
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