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Background: In Sweden, the smoking prevalence has declined. In 2007, it was among the lowest in the
industrialized world. A steady increase in the use of Swedish oral moist snuff, snus, has occurred in parallel.
This development is neither solicited by authorities nor the medical establishment, but rather has occurred
along with increased awareness of the dangers of smoking, and has been promoted by product development
and marketing of snus.

Objective: To evaluate time trends in patterns of tobacco use in northern Sweden during 1990-2007.
Design: Cross-sectional (99,381 subjects) and longitudinal (26,867 subjects) data from the Visterbotten
Intervention Programme (VIP) 1990-2007 were analyzed. All adults in Visterbotten County are invited to a
VIP health examination at ages 40, 50, and 60 years, and until 1995 also 30 years. Smoking and use of snus
were evaluated by gender, age and educational groups. Intermittent smoking was categorized as smoking.
Results: From the period 1990-1995 to the period 2002-2007, smoking prevalence decreased from 26 to 16%
among men and from 27 to 18% among women. The differences in prevalence increased between educational
groups. The decline in smoking was less and the increase of snus use was greater among those with basic
education. The use of snus among basic-educated 40-year-olds reached 35% among men and 14% among
women during 2002-2007. Dual smoking and snus use increased among men and women with basic
education. Smoking without snus use was more prevalent among women. Gender differences in total smoking
prevalence (smoking only plus dual use) were small in all age groups, but increased among those with basic
education reaching 7.3% during 2002-2007, with women being more frequent smokers. Smoking prevalences
were similar among never, former and current snus users. Among the 30,000 former smokers, 38% of men and
64% of women had never used snus. Longitudinal data showed a decline in total tobacco use from baseline
until follow-up and this was mainly due to a smoking cessation rate of <1% a year. Snus use was started by
6.2% of the 30-year-old women (age at baseline), and this contributed to a stable prevalence of total tobacco
use in this group. Seventy percent of baseline snus users still used snus at follow-up. Among smokers, 55%
continued smoking, 12% of men and 7% of women switched to snus. Among those with dual tobacco use at
baseline, a third of men and a fourth of women remained dual users 10 years later.

Conclusion: There are increasing differences in tobacco use between educational groups. Higher smoking and
snus use prevalence are found among those with basic education, and this is most pronounced in the younger
group of this middle-aged population. In spite of a higher prevalence of smoking without snus use among
women, total smoking prevalence is similar in men and women due to a higher prevalence of dual tobacco
use, i.e. snus and cigarettes, among men. The increase in snus use is being paralleled by a slight increase in
dual use and the smoking prevalence does not seem to be influenced by snus. This should be the subject of
further studies and also have implications for tobacco control policies.
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obacco is the number one preventable cause of
I death worldwide. Smoking is a risk factor for six
of the eight leading causes of death and currently
causes over five million deaths annually (1, 2). From that
perspective the Swedish situation is positive. In Sweden,
the prevalence of daily smoking was 35% in men and 28%
in women in 1980, and declined to 13 and 15% in 2007,
which is among the lowest national rates in the world
(3, 4). Regional differences exist with smoking prevalence
varying from 16% in men and 22% in women in
Sodermanland County in southern Sweden, to 9% of
men and 11% of women, in the northern county of
Visterbotten. Parallel to the smoking decline, there has
been a steady increase in the use of Swedish oral moist
snuff, called snus. During the same period, the use of any
form of tobacco has been stable (5). The decline in
smoking prevalence is thought to be mainly due to
increased snus use. Smokers switch to snus as an aid
when stopping smoking (6, 7), and snus use may reduce
smoking initiation (5, 8). However, the majority of
Swedish smokers who quit smoking do so without
switching to snus (9, 10), and the largest increase in
snus use is seen among male teenagers and young adults
aged 1624 years (11).

Snus is a product that traditionally has been used in
Sweden since early nineteenth century. It differs from
many other smokeless tobacco products due to its lower
content of tobacco-specific nitrosamines. The maximum
blood nicotine level after single doses of snus is similar to
smoking one cigarette, although snus peaks slower, and
the elevated nicotine level has longer duration after snus
than after smoking a cigarette (12). The addictive
capacity of snus to nicotine is comparable to smoked
tobacco (13). These days Snus is largely consumed as
pouches, i.e. small tea-bag-like packages, that allow it to
remain under the upper lip for prolonged periods. The
increase in snus in Sweden has occurred more or less in
response to increased awareness of the dangers of
smoking. The authorities and the medical establishment
have not responded to this increase in a consistent way. In
contrast, the driving forces from manufactures, including
product development and marketing, have been strong
and obvious. It has been widely debated whether snus
should be given the credit for the low prevalence of
smoking in Sweden (8, 9). Sweden is the only country in
the European Union that has an exception from the ban
on manufacturing and selling snus. The tobacco industry
and their allies are pushing for lifting the ban in the EU.

A cohort study that included the middle-aged popula-
tion of Visterbotten County showed that the tobacco-
free proportion increased from 75.2 to 79.2% for women
and from 61.1 to 64.3% for men from the early 1990s to
the early 2000s (10). The present study aims to broaden
the results from this study by accounting for age and
socioeconomic status, measured as attained educational
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level, when evaluating time trends in tobacco use patterns
during the time period 1990-2007. We also evaluated
longitudinal changes in tobacco habits from baseline
(1990-1997) to 10-year follow-up (2000-2007).

Methods

Population

The Visterbotten Intervention Programme (VIP) has
been ongoing in the county of Visterbotten since 1985.
In 1985, the county’s cardiovascular (CVD) mortality
rate was remarkably high and therefore VIP was
launched by local authorities to reduce the burden of
CVD and diabetes. VIP was designed in collaboration
between health care providers and Umea University. The
methodology was first tested in a single community and
gradually spread to the rest of the county. Since 1990 the
whole county has been involved. Thus, VIP is population-
based and a longstanding activity. All inhabitants are
invited to a health examination the year they turn 40, 50,
or 60 years of age. One underpinning principle is that
individuals are invited to attend the survey by their local
primary health care centre, and the examination takes
place at each center. Until 1995, those aged 30 years were
also included. The health examination is integrated in
routine activities and includes assessment of the classical
CVD risk factors and a comprehensive questionnaire
with questions on socioeconomic factors and housing, as
well as self-reported health and life style habits including
tobacco use. Individually, each participant is given the
results of the examination and health promoting issues
are discussed using motivational interviewing. Details of
the VIP design and methodology have been described
previously (14).

This paper is based on consecutive surveys from 1990
to 2007 and include a total of 112,920 subjects (49.2%
men). Participation rates were 48—-57% during 1990-1995,
then increased and has been 66-67% since 2005 (14).
Since subjects aged 30 years (n=8,980) were only
included in the VIP until 1995, this age group was
excluded from the cross-sectional analyses.

Three panels including yearly cohorts of VIP-partici-
pants in 1990-1997 aged 30, 40 or 50 years and who
returned to a follow-up visit 10 years later, are also
investigated. A drop-out analysis based on the Swedish
population register, that covers the whole Swedish
population, showed that among participants 1990-1997
(N =38,041) a total number of 2,649 were not eligible for
follow up due to migration from the region (N =1,508) or
from the country (N =173), death (N =909), change in
person number (N =13), or other causes (N =47). Of
eligible participants 75.9% (N =26,867) returned a sec-
ond time after 10 years. Thus, both cross-sectional and
longitudinal data are evaluated.
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Variables

Assessment of tobacco habits are based on two different
questions in the questionnaire. Smoking was separated
into three categories: never-smokers, former smokers and
current smokers. Former intermittent smokers (used to
smoke occasionally but not daily) and former daily
smokers were categorized as former smokers. Subjects
who currently were smoking intermittently or daily were
grouped together as current smokers in this article. For
comparison, mean values of the prevalence of smoking
with this categorization (I) and an alternative categoriza-
tion (IT), where the 3.6% male and 3.5% female inter-
mittent smokers are included in the not smoking category,
are shown for the period 1990-2007 in Table 1. The use of
snus was categorized into never, former and current use.
Cross-tabulation of the three smoking and snus categories
resulted in nine categories: never used tobacco,
never smoker and former snus user, never smoker and
current snus user, former smoker and never snus user,
former smoker and former snus user, former smoker and
current snus user, current smoker and never snus user,
current smoker and former snus user, and current smoker
and current snus user (also called dual use).

To reduce the complexity of tobacco habit categories,
never and former smokers, as well as never and former
snus users, were further grouped into non-smokers and
non-snus users. Participants were then divided into
smokers/non-smokers and snus-users/non-snus users.
These two variables were cross-tabulated, and thus
defined four mutually exclusive categories of tobacco-
free, exclusive snus users, exclusive smokers and smokers
also using snus (dual use).

Table 1. Prevalence (%) of smoking by two different
classifications among participants in the VIP, Sweden

Men Women
n=47,850 n=51,531
Classification I*
Never smoker 45.7 47.7
Former smoker 34.8 30.0
Current smoker 19.6 22.3
Classification 1I**
Not smoking 49.3 51.2
Former smoker 34.8 30.0
Daily smoking 16.0 18.8

Note: Values are mean values for the period 1990-2007. The
difference between the two classifications is statistically signifi-
cant in both men and women (p <0.001).

*Classification I: Intermittent smokers are categorized as current
smokers. Classification | is used throughout this paper.
**Classification |lI: Intermittent smokers are categorized with
never smokers as not smoking.
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Socioeconomic status was assessed by the highest
educational level according to the Swedish educational
system. Nine years in school is compulsory and was
defined as basic education. Completion of 12 years
in school was defined as mid-level education, and
university or academic graduation was categorized as
high education.

Statistics

Prevalence for the nine categories of tobacco habits and
three educational levels are presented by sex and age for
the three periods of 1990-1995, 1996-2001, and 2002—
2007. The age-adjusted distributions of the four cate-
gories (tobacco-free, exclusive snus users, exclusive
smokers, and dual users) are given for each educational
group during the study period. The age-distribution of
the whole study-group is used as a reference-population;
men and women are analyzed separately. Comparisons
between distributions are done with chi-squared-test, and
multinomial logistic regression was used to compare the
tobacco habits in the different educational groups over
time and by age and gender. Longitudinal data are
used to estimate age-adjusted changes in tobacco habits
from baseline to 10-year follow-up by gender and
education and statistical significance is analyzed using
the Marginal Homogeneity test. Statistical significance
was assumed at p <0.001. All analyses were done with
SPSS version 18.

Ethical considerations

This study was approved by the regional Research Ethics
Board in Umea (08-131M). Each individual gave in-
formed consent prior to the health screening.

Results

Cross-sectional data: population trends in tobacco
use

During 1990-2007, a total of 103,940 subjects aged 40,
50, or 60 years participated in VIP. This was 52-69% of
the eligible population. The lowest participation rates
were in the mid 1990s and the highest during the more
recent years (14). Data regarding tobacco use were
completed by 47,850 men and 51,531 women, with
missing data among 4.3% of men and 4.4% of women.
Data are presented in three periods, 1990-1995, 1996—
2001, and 2002-2007. The proportion of 60-year-olds
increased from 27% in 1990-1995 to 34% in 2002-2007. A
corresponding reduction from 38 to 32% was seen in the
40-year-old group and the 50-year-old group was a stable
proportion of approximately 35%.

During the study period, the level of education
increased in all groups but it was highest and increased
more markedly among women (Table 2). The highest
prevalence of university graduation was found among
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40-year-old women and was 40.7%, during 2002-2007,
compared to 11.1% among 60-year-old men during 1990—
1995. Mid-level education increased in all age groups, but
particularly among men.

In the early 1990s, 40.1% of men and 28.1% of women
used some form of tobacco (all ages); a reduction of 1.5%
for men and 3% for women was seen until 2002-2007.
Time trends for the nine categories of smoking and snus
use by age group are shown in Table 2.

The overall smoking prevalence (smoking only plus
dual use and all age groups together) decreased by 10%
(from 26 to 16%) among men from 1990-1995 to 2002—
2007, and by 9% (from 27 to 18%) among women. Dual
use was more common among men in all ages, and
therefore, in spite of smoking only being more prevalent
among women, the difference between men and women
was small with regard to total smoking prevalence in the
three age groups; 1.6% among 40-year-olds, 4.2% among
50-year-olds, and 2.2% among 60-year-olds.

Among 40-year-olds, smoking (smoking only plus dual
use) decreased from 28 to 13% among men and from 32
to 14% among women. Never-smoking increased from 41
to 67% in men and from 40 to 59% in women. Former
smoking decreased from 31 to 21% in men and was stable
at 27% among women. Fifty-year-old men and women
also reported a reduction in smoking prevalence of 10
and 7%, respectively. Among those aged 60 years, there
were only small shifts between smoking categories among
men. Among women, the smoking group was stable, the
proportion of former smokers increased from 22 to 36%,
and a corresponding decrease in never-smokers from 60
to 45% was seen.

Snus was most frequently used among 40-year-old men
and increased from 28% during 1990-1995 to 34% during
2002-2007. This increase of snus user was dominated by
never smokers while the group of former smokers was
stable. Among 40-year-old women, the group of snus
users increased more than four-fold, from 3 to 14%,
dominated by former smokers. The trend of increasing
prevalence of snus use was even more obvious among
50-year-old men, and increased from 18% in the first
period to 30% in the third period. This increase was
similarly distributed between never smokers and former
smokers. At the same time, the prevalence of 50-year-old
male never snus users declined with 14% from 66 to 52%,
and the prevalence of 50-year-old male former snus-users
increased with 3% and was 18.7% in the third period.
Fifty-year-old women increased their snus use from 0.8 to
8.2%, and this mainly occurred among former smokers.
Among 60-year-olds, the use of snus increased from 14 to
21% among men and from 0.3 to 3% among women and
among both genders the snus users were predominately
former smokers.

Among men during the period from 1990 to 2007,
58.5% did not have any history of snus use, 16.4% were
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former users and 25.1 were daily users. Among women
these proportions were 91.8, 3.2 and 5.0%, respectively.
The prevalence of current smoking (daily or intermittent)
in the three snus using groups among men was 18.2, 21.6
and 21.4%, and among women 22.1, 28.3 and 21.4%.
Thus, the prevalence of smoking was similar in five of
these snus using groups with differences <3% between
groups. The only exception being the 3.2% of women who
were former snus users, among whom 28.3% were
smokers. Smoking has declined over time in all snus
using groups in both men and women.

During the study period more than 30,000 former
smokers (48% women) participated in VIP (Table 3).
Among them 38% of the men and 84% of the women had
never used snus. Thirty-six percent of the men and 8% of
the women were former snus users. During 2002-2007,
the prevalence of former snus use among women who
were former smokers was two-fold higher among
40- versus 50-year-olds, and thirty-fold higher compared
to 60-year-olds during 1990-1995. Moreover, during
20022007 40-year-old female former smokers had quit
smoking without using snus to a similar extent (55.8%) as
60-year-old male former smokers had done during 1990—
1995 (58.2%).

Age-adjusted time trends for tobacco consumption
patterns from 1990 to 2007 by educational group are
shown in Fig. 1. The tobacco-free proportion of the
population was approximately 55, 60 and 70% among
men with basic, mid-level and high education, and 65, 70
and 80%, in comparable groups of women. These
proportions were stable (within +2%) during the study
period, however, there was a declining trend among men
(-3.3%) and women ( —6.4%) with basic education.

Smoking decreased in all ages and educational groups,
but this was less marked throughout the study period
among men and women with basic education. Smoking
declined 5.9 and 1.8% among men and women with basic
education, compared to 10.1 and 7.1% among high
educated. Therefore, the difference in smoking prevalence
between those with basic and high education increased in
both genders. Similarly, the lower the educational level,
the greater the increase was in prevalence of snus use.
This resulted in increasing differences between educa-
tional groups among snus users. Among women, those
with high education took up snus use earlier than those
with basic education, but the increase was more marked
from the mid-1990s among the basic educational group
and surpassed the prevalence of snus use among the
highly educated. This resulted in a higher prevalence of
snus use among women with basic education and larger
differences between educational groups at the end of the
study period. Among men with either basic or high
education, the increasing trend of snus use slowed down
during 2002-2007. Dual use was more common among
men, in particular among those with basic education, and
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Table 2. Distribution (%) of tobacco use and attained educational level among men and women who participated in the VIP,
Sweden, 1990-2007. There were statistically significant differences (p <0.001) for tobacco habits in all comparisons between
periods in both men and women, and between men and women in all three periods, and also for education in all comparisons
between periods in both men and women. Furthermore, in education comparisons between men and women in the three periods
were statistically significant (p <0.001), except among 60-year-olds, among whom there was no difference between men and
women during 1990-1995 p =0.82 and in the period 19962001 the difference was significant with p =0.004

1990-1995 1996-2001 2002-2007 1990-1995 1996-2001 2002-2007

Men, 40-year-olds Women, 40-year-olds
Number 4,976 5,323 6,055 5,599 5,774 6,286
Tobacco
Never smoker, never used snus 30.4 37.8 44.2 39.5 421 52.8
Never smoker, former snus user 3.9 5.1 6.6 0.3 1.1 2.3
Never smoker, current snus user 6.5 12.4 15.8 0.3 1.6 3.9
Former smoker, never used snus 9.5 7.0 4.0 24.2 23.0 15.0
Former smoker, former snus user 9.0 6.7 4.3 1.6 3.7 3.9
Former smoker, current snus user 12.9 13.1 12.3 1.7 5.0 7.9
Current smoker, never used snus 13.2 8.0 4.7 29.8 19.7 10.2
Current smoker, former snus user 6.4 4.0 2.4 1.3 21 2.0
Current smoker, current snus user 8.1 6.0 5.6 1.2 1.9 21
Education
Basic, 9 years 18.0 134 6.9 15.3 10.5 5.2
Mid-level, 10-12 years 58.1 62.6 65.5 51.6 54.6 54.1
High, university 23.9 24.0 27.6 33.1 34.9 40.7
Men, 50-year-olds Women, 50-year-olds
Number 4,641 6,203 6,348 5,245 6,436 6,698
Tobacco
Never smoker, never used snus 31.7 29.9 34.0 46.2 42.5 41.3
Never smoker, former snus user 2.5 3.4 5.7 0.1 0.1 0.5
Never smoker, current snus user 29 5.0 8.5 0.1 0.2 0.6
Former smoker, never used snus 17.5 13.8 9.4 25.0 28.7 27.7
Former smoker, former snus user 9.1 10.9 9.8 0.4 0.9 2.8
Former smoker, current snus user 9.4 14.7 15.3 0.4 2.2 5.6
Current smoker, never used snus 16.7 12.1 8.1 27.4 241 18.3
Current smoker, former snus user 4.1 4.0 3.2 0.2 0.5 1.1
Current smoker, current snus user 6.0 6.3 5.9 0.3 0.8 2.0
Education
Basic, 9 years 37.6 24.1 13.4 35.3 21.7 12.1
Mid-level, 10-12 years 42.9 53.1 60.6 42.0 45.6 49.9
High, university 19.5 22.8 26.1 22.7 32.7 38.0
Men, 60-year-olds Women, 60-year-olds
Number 3,371 4,520 6,413 3,911 4,972 6,610
Tobacco
Never smoker, never used snus 36.9 36.1 31.6 59.8 54.0 45.3
Never smoker, former snus user 1.3 2.3 2.9 0.0 0.0 0.1
Never smoker, current snus user 2.4 3.3 3.6 0.0 0.0 0.1
Former smoker, never used snus 22.9 20.9 19.3 21.4 26.8 32.5
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Table 2 (Continued)

1990-1995

1996-2001

2002-2007 1990-1995 1996-2001 2002-2007

Men, 40-year-olds

Women, 40-year-olds

Number 4,976 5,323 6,055 5,599 5,774 6,286
Former smoker, former snus user 7.6 9.5 12.2 0.1 0.3 0.8
Former smoker, current snus user 8.8 10.6 13.9 0.2 0.7 2.4
Current smoker, never used snus 14.7 11.6 10.5 18.4 18.0 17.9
Current smoker, former snus user 2.6 2.5 2.6 0.1 0.1 0.3
Current smoker, current snus user 2.7 3.2 3.5 0.1 0.1 0.6

Education
Basic, 9 years 58.0 48.1 34.2 57.4 45.8 30.8
Mid-level, 10-12 years 30.9 37.3 451 31.2 37.4 42.9
High, university 111 14.6 20.7 11.5 16.8 26.3

was 6.6% during 1990-1995 and 8.3% during 2002-2007
in this group. Dual use also increased slowly among
women with basic education, from 0.1 to 2.6%. The age-
adjusted prevalence of dual use among men (all educa-
tional groups) was 3.8% in the period 1990-1995 and
5.1% in 2002-2007, and among women 0.5 and 1.1%.

The difference between men and women with regard to
overall smoking prevalence (smoking only plus dual use)
was stable throughout the study period among those with
high (1.5%) and mid-level (3.5%) education. In contrast,
among those with basic education the difference between
men and women increased from 3.3% during 1990-1995
to 7.3% during 2002-2007, with women smoking the
most frequently.

Smoking and snus use trends crossed in the mid-1990s
among men, resulting in snus use becoming more
prevalent than smoking. Among women, rates of smok-
ing and snus use approached equilibrium and the
difference among highly educated women was only 1%
in 2007, compared to 8% among mid-level, and 11%
among women with basic education. This was despite
snus use being more prevalent among women with mid-
level (10%) and basic (14%) education. Thus, in 2007
smoking was three-fold more prevalent among men and
women with basic education as compared to those with
high education. Prevalence rates of snus use showed less
marked differences between educational groups of both
genders and were 31, 29, and 23% among men with basic,

Table 3. Number of former smokers among participants in the VIP, Sweden, during 1990-2007, and the proportion without a
history of ever using snus, or with a history of former snus use. The rest of the participating former smokers were current snus
users at the time of the health survey. All comparisons between periods in both men and women, as well as all comparisons

between men and women in all three periods are statistically significant p <0.001

Men Women
1990-1995 1996-2001 2002-2007 1990-1995 1996-2001 2002-2007

40-Year-olds

Number 1,565 1,424 1,250 1,827 1,424 1,684
Never used snus (%) 30.4 26.3 19.5 87.9 72.7 55.8
Former snus user (%) 28.7 24.9 20.8 5.8 11.5 14.7
50-Year-olds

Number 1,673 2,443 2,194 1,354 2,050 2,423
Never used snus (%) 48.5 35.2 27.2 96.9 90.2 76.6
Former snus user (%) 25.3 27.6 28.4 1.7 2.9 7.8
60-Year-olds

Number 1,326 1,850 2,910 848 1,380 2,362
Never used snus (%) 58.2 51.0 42.6 98.7 96.4 90.9
Former snus user (%) 19.3 231 26.9 0.5 0.9 2.3
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Men, basic education
n=12,180

= = Tobacco-free
------- Smoking only
Snus use only

= = Dual use

2002-2007

Men, mid-level education
n=24,867

= = Tobacco-free
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Snus use only
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Men, high education
n=10,538
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Fig. 1. Patterns of tobacco use among participants in the VIP, Sweden, from 1990 to 2007 by gender and educational status.
Data are mean values for three 6-year periods, adjusted to the age-distribution for men and women in the whole dataset.

mid-level and high education, and 14, 10, and 8% among
women in those educational groups.

Using the trend of non-tobacco use as a reference,
multinomial logistic regression showed that smoking was
stable among low educated while those with middle and
high education reduced their smoking. The increase in
dual use was statistically significant among those with
low education (OR 1.4, 95% CI 1.25-1.50), nearly
significant among middle educated (OR 1.1, 95% CI
0.998 —1.13) but not among highly educated (OR 0.96,
95% CI 0.86 —1.07). Snus increased significantly in all
educational groups.

Citation: 2011, 4: 5613 - DOI: 10.3402/gha.v4i0.5613

Panel data: changes in tobacco use over 10 years in
panels aged 30, 40 and 50 years at baseline

The 26,867 subjects who participated twice in VIP were
30, 40 or 50 years of age at baseline during 1990-1997,
and 92.4% completed all questions regarding education
and tobacco use. A drop-out analysis comparing baseline
characteristics for participants and non-participants
(participated at baseline but did not return for the
10-year follow-up) was performed among eligible VIP
participants. This showed that among the participants
there were fewer men (difference of 3.6%), 30-year-olds
(difference of 6.6%), daily smokers (difference of 5.9%),
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and snus users (difference of 2.1%) compared to those
who did not participate at follow-up. The difference
among educational groups was 1.5%, with more non-
participants who had high education.

The transition of tobacco habits are shown in Table 4.
The tobacco-free group was the most stable group over
the 10-year period. In both genders approximately 90% of
those who were tobacco-free at baseline remained so at
follow-up and 2.6% of men and 3.2% of women became
smokers and 4.2 and 1.4% became snus users. In contrast,
among baseline snus users 6.1% of men and 8.1% of
women were smokers at 10-year follow-up and the
majority of them were dual users. A larger proportion
of smokers compared to snus users quit using tobacco
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during the period. Among baseline smokers 7.4% of men
and 2.4% of women, changed to dual tobacco use.
Among those who were dual users at baseline 34.4%
of men and 25.7% of women remained dual users at
follow-up.

Tobacco consumption at baseline (1990-1997) and
follow-up (2000-2007) by gender, education and age at
baseline, as well as the 10-year changes are shown in
Table 5. Similar to the cross-sectional data, this shows
that smoking and snus use were more prevalent among
those with lower education. The use of tobacco from
baseline until follow-up decreased in all age and educa-
tional groups. This was most marked among 40- and
50-year-old men and women, reflecting a high smoking
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Table 4. Transition of tobacco use (%) from baseline during 1990-1997 until 10-year follow-up during 20002007 among

participants in the VIP

Men at base line

Women at base line

Ten-year Tobacco-free  Snus user Smoker Dual user  Tobacco-free  Snus user Smoker Dual user
follow-up n =6,846 n=2,218 n=1,792 n=765 n=9,520 n =369 n =3,361 n=113
Tobacco-free 93.2 20.4 28.7 12.3 95.4 21.4 33.9 18.6
Snus user 4.2 73.5 12.8 45.0 1.4 70.5 7.6 49.6
Smoker 2.2 1.1 51.1 7.3 3.0 1.9 56.1 6.2
Dual user 0.4 5.0 7.4 34.4 0.2 6.2 2.4 25.7

cessation rate among all ages of women and the 40- and
50-year-old men. A high frequency of uptake of snus
among women with basic education who were 30-years-
old at baseline contributed to the stable overall tobacco
use in this group, in spite of the high smoking cessation
rate. Smoking prevalence decreased by < 1% per year and
during the 10-year period by 7-10% in most groups. An
exception was 30-year old men, who reduced their
smoking by 2.4-5.4% between surveys, and high educated
30-year old women, who reduced their prevalence by
4.7%. The latter group was also the one with the lowest
smoking prevalence of all both at baseline and follow-up.
The use of snus increased most markedly among 30- and
40-year old women, and in particular among those with
basic education (+6.0% and +6.6%, respectively) whose
overall use of snus reached 15.5% and 8.0% at follow-up.
The younger age groups of women with basic education
also had the highest prevalence of smokers at follow-up,
31.5% of 30-year olds and 29.4% of 40-year olds. Despite
a small 10-year reduction from baseline of snus use only,
dual use and smoking among 30-year old men with basic
education, among men this group had both the highest
prevalence of snus users (37.4%) and smokers (25.4%),
including dual use, at follow-up. The decline of dual use
from baseline until follow-up among men was smaller
than the decline in smoking alone, i.e. a few percentage
points in all categories. Dual use was uncommon among
women but showed an increasing tendency in most
groups.

Discussion

The main finding of both the repeated cross-sectional and
longitudinal data analyses was the substantial and
increasing differences between educational groups among
both men and women with regard to tobacco consump-
tion patterns. This was most marked in the younger part
of the population. Among 40-year-old men and women
with basic education, non-use of tobacco actually
decreased. This is in line with findings from several
previous studies (15-18). During the observation period,
smoking decreased and the use of snus increased. This
was seen most clearly in the younger part of this middle-
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aged population. Never-smokers were seen to increase
among male snus users while the female snus users were
dominated by former smokers. This demonstrates the
ongoing transition in Sweden from smoking to use of
snus. Men started this practice 10-15 years before
women. In spite of a low smoking prevalence in an
international perspective, there remains considerable
nicotine dependence in this middle-aged population.
More than one out of three men and one out of four
women smoked or/and used snus in 2002-2007. Our next
finding is that the smoking prevalence was nearly the
same among former, current and never snus users. If this
was a randomized trial it would definitely refute the
argument that snus use reduces smoking prevalence.
However, as the subjects have self-selected themselves
into the three groups of snus use, the conclusion must be
limited to say that our data is not in support of the claim
of smoking reduction of snus. This, and the fact that most
people who quit smoking in Sweden do so without using
snus (9, 10), points to the fact that on a population level,
snus has played a small role in the decision process to
quit smoking. In addition, our longitudinal data show
that among those who are tobacco-free in middle age few
begin smoking, whereas 6% of men and 8% of women
who used snus at base-line became smokers. This raises
the question whether snus to some extent contributes to
maintenance of the smoking prevalence, at least in a
society with a high proportion of snus users.

Longitudinal data show that tobacco habits are most
stable among men with basic education who were
30-years-old at baseline. At 10-year follow-up they were
both the most frequent smokers and the most frequent
snus users among men. Their female counterparts
(30-years-old at baseline) frequently quit smoking, and
yet had the highest smoking prevalence at 10-year follow-
up. In addition, due to frequent uptake of snus, they were
also the most frequent snus users among women. The
overall aim of the Swedish national public health policy is
to promote good health for the entire population (19).
Our results underscore the need of new strategies and
policies in tobacco control that target less privileged
groups, and in particular, the young.
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Table 5. Tobacco use (%) by sex and attained educational level at baseline (Bl) during 1990-1997 and at follow-up (F) after 10 years during 20002007, and the change between
surveys among participants in the Visterbotten Intervention Programme, Sweden, who were 30, 40 or 50 years old at baseline. The change from baseline to follow-up was not
statistically significant among men who were 30 years old at baseline and with basic education (p =0.213). Among 30 years old men with high education and 30 years old
women with basic or high education the p-value was <0.05. All other p-values were <0.001.

Men Women
Basic Mid-level High Basic Mid-level High

Education BI F Change BI F Change BI F Change BI F Change BI F Change BI F  Change
30-year olds n=201 n=1759 n=34 n=200 n=1689 n=688

Tobacco-free 42.8 473 4.5 58.2 60.4 2.2 69.7 69.9 0.2 535 55.0 1.5 669 71.0 41 81.3 83.9 2.6
Snus-user 294 274 -20 250 281 3.1 17.1 21.4 4.3 6.0 13.5 7.5 7.4 11.8 4.4 6.4 8.6 2.2
Smoker 17.4 154  -2.0 9.7 6.0 387 8.7 6.6 —2.1 37.0 295 —-75 23.9 14.6 —9.3 11.6 6.7 —4.9
Dual user 104 10.0 -04 7.2 55 —1.7 4.6 20 -—-26 3.5 2.0 —1.5 1.8 2.6 0.8 0.7 0.9 0.2
p-value 0.213 <0.001 0.039 0.040 <0.001 0.002
40-year olds n=718 n=2888 n=1073 n=745 n=2895 n=1759

Tobacco-free 476  52.9 5.3 55.0 59.6 4.6 62.8  69.1 6.3 59.1 64.3 5.2 66.4 71.8 5.4 779 834 515
Snus-user 209 2238 1.9 222 245 2.3 19.6 218 2.2 1.3 6.3 5.0 2.6 5.7 3.1 3.4 5.6 2.2
Smoker 22.4 16.7  —5.7 14.9 96 —53 13.9 6.0 —-79 395 277 —11.8 30.0 20.9 —941 17.2 99 73
Dual user 9.1 75 —16 8 6.3 —1.7 3.7 32 -05 0.1 1.7 1.6 1.0 1.6 0.6 1.5 1.1 0.4
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
50-year olds n=1592 n=2094 n=884 n=1739 n=2308 n=1259

Tobacco-free 58.1 65.0 6.9 61.6 68.9 7.3 732 778 4.6 68.8 76.4 7.6 73.8 828 9.0 81.7 88.2 6.5
Snus-user 15.6 17.4 1.8 13.9 16.3 2.4 114 149 3.5 0.5 2.2 1.7 0.9 1.9 1.0 1.0 1.7 0.7
Smoker 19.7 141  —56 18.8 116 —72 11.1 57 —54 306 21.0 —9.6 25.1 151 —10.0 16.8 9.7 —741
Dual user 6.6 35 —31 5.7 32 -25 4.3 16 —-27 0.2 0.4 0.2 0.1 0.2 0.1 0.5 03 —-02
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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We have shown both a trend of increasing prevalence
of dual smoking, that was statistically significant among
those with basic education, and also of snus use in this
middle-aged population, that in comparison to many
other populations have a high prevalence in use of oral
tobacco. Previous reports from this region that were
based on data from the Northern Sweden MONICA
study included 25-64-year-olds and reported dual use
among only 2-5% (5, 8). It was also suggested that dual
use is an unstable and transient category, and described it
as a transition between smoking and snus use (5). If this
is true, one would expect combined smoking and snus use
to decline in parallel with the decline in smoking alone.
Our cross-sectional data indicate that this is not the case
(Fig. 1). In all educational groups and in spite of a
declining prevalence in smoking, the proportion of those
who both smoke and use snus was stable or tended to
increase, and reached an age-adjusted 8.3% among men
with low education. Moreover, in our longitudinal
analysis, although the majority (45%) had switched to
snus only, 33% of male and 25% of female dual users were
still dual users after 10 years. This shows that dual use is
not entirely a transient phenomenon. We hypothesize that
dual smoking and snus use, which seems to be more
frequent in this population with its high prevalence of
snus use, might contribute to continuation of smoking
among some smokers. Contrary to previous studies from
this population (5), and in spite of a higher prevalence of
smoking without using snus among women, we also
document that the difference in overall prevalence of
smoking was small between men and women of all age
groups. A higher prevalence of dual use among men
contributes to this finding. This should be considered a
red flag, and further development of dual use and its role
in tobacco use should be followed. The possible con-
sequences from continued combined smoking and snus
use are in itself a matter for future research. Dual use
might create a vicious circle with more frequent tobacco
use and difficulty in quitting tobacco use, and has also
been shown to be related to a strong tobacco addiction
(20, 21). Taken together, our findings indicate that the
suggestion that snus has the potential to reduce smoking
on a population level should be questioned. These data
also have implications for tobacco control policies and is
relevant for the ongoing discussions with respect to lifting
the ban on snus in the European Union.

We grouped intermittent smokers and daily smokers in
the smokers’ category, and this should contribute to
discrepant results of smoking prevalence compared to
previous studies that consider intermittent smokers as
non-smokers or exclude them from the analyses. The
health hazards associated with smoking increase as
exposure increases, and they are well known and docu-
mented even at low exposure (22). Therefore we question
whether intermittent smoking can be regarded as non-
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smoking. Snus use among intermittent smokers might
reflect one stage in a smoking cessation process, if snus
during a shorter period is used in parallel with inter-
mittent smoking when a smoker gradually goes from
daily smoking to non-smoking. However, this is not
supported by a study that demonstrated that intermittent
smoking tends to be a long term habit (23). Our data
cannot separate ‘party smoking’ from smoking 6 days a
week, which would also be categorized as intermittent
smoking. Further studies targeting the nature of inter-
mittent smoking and its relation to relapses and snus use
and dual tobacco use are warranted.

Our cross-sectional and longitudinal results, as well as
findings of previous studies (6, 8, 24), show that using
snus is a more stable habit than is smoking. Even though
research on possible health effects from snus are incon-
clusive and limited and the studies often underpowered
(25), there are results that raise concerns. For example,
associations are found between snus use and pancreatic
cancer(26), fatal myocardial infarction (27), fatal stroke
(28), obesity (29, 30), and hypertension (31). Scientific
evidence on the harms of smoking started to be compiled
in the 1950s but it took decades before consensus was
reached by the scientific community. Similarly, it might
also take long time until the evidence on risks from snus
use are established. It is clear that the health hazards
from snus are much smaller than those from smoking.
However, even small risks associated to the use of snus
may be serious enough to cause public health problems in
populations with high snus use prevalence (32).

Age-adjusted smoking prevalence only differed slightly
between men and women within each educational group,
with the exception of those with basic education. This
might contribute to increasing health inequalities
between men and women with basic education as they
grow older, and is in agreement with other Swedish (15)
and European studies (16). Also noteworthy is that in the
younger age group with high education, the men were
both the most frequent smokers and snus users, and this
might contribute to future worsening health among
highly educated men as compared to women.

The low prevalence of daily smoking in Sweden has by
some been attributed to the use of snus (6, 33, 34).
However, the decline in smoking has been equally
dramatic in other developed countries where snus is not
available, e.g. Canada has a prevalence of smoking that is
lower among both men and women compared to Sweden
(3). Data from the US, where smokeless tobacco is widely
available, also show that male and female US smokers
have higher cessation rates than Swedish smokers despite
a higher prevalence of snus use in Sweden (35). Since the
early 2000s, a higher proportion of 40-year-old men who
use snus are never-smokers rather than former smokers.
The use of snus among women has increased most in the
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younger groups and these women are primarily former-
smokers.

Taken together these data demonstrate the ongoing
transition from smoking to using snus among Swedish
tobacco consumers, and tobacco consumers remain a
relatively stable proportion of the population. Our
finding that a considerably larger proportion (84%) of
female former smokers succeeded in smoking cessation
without any use of snus, compared to 38% of men is in
line with previous Swedish findings which showed that
most smokers who quit smoking do not take up snus (9,
36). The fact that during 2002-2007, 40-year-old female
former smokers had a history of snus use that was similar
to that found in 60-year-old male former smokers during
1990-1995, illustrates that snus as a smoking cessation
aid is a time-bound and gender-linked phenomenon and
rather the result of trends in norms and attitudes. The
driving forces in the development of increasing use of
snus in Sweden may be a combined effect of successful
marketing and weak tobacco control policies with regard
to snus use, as well as current limited evidence regarding
the effects of snus on public health.

It should be observed that this is a very large study
including almost 100,000 subjects. As a consequence, it is
relatively easy for even a small difference to attain
statistical significance. However, this does not mean
that they should be considered relevant. What is relevant
from a public health perspective is rather a question of
judgement. Overall we have described differences as
‘small’ if they are only a few percentages regardless of
statistical significance. This study has the strengths of
being large-scale, long-term, performed in a setting where
health surveys target the whole middle-aged population
without any selection, and are integrated into primary
care routines. This allows for population-based measure-
ments with high participation rates in both cross-
sectional and longitudinal standardized surveys. One
limitation is that only middle-aged adults are included,
and thus our conclusions are restricted to the ages of
30-60 years. The drop-out analysis was in line with a
previous analysis (37)and showed that those who parti-
cipated initially but not in follow-up were more likely to
be young, men, smokers, and snus users but with minimal
difference in education. Although we consider these
differences to be small, they suggest that our results
should be conservative and not overestimate tobacco,
especially among men and the younger age groups.
Determinants and patterns of intermittent smoking and
dual tobacco use should be studied further. Qualitative
methodology might be appropriate for such research.

In conclusion, both cross-sectional and longitudinal
analyses show that there are increasing differences in
tobacco use between educational groups in this middle-
aged population. Higher prevalence rates exist for both
smoking and snus use among those with basic education
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compared to those with mid-level and higher education.
These differences are most marked in the younger men
and women. Therefore better tobacco control strategies
are needed that target the young. In spite of a higher
prevalence of only smoking among women, a higher
prevalence of dual use among men contributes to similar
smoking prevalence rates in men and women. Dual
smoking and snus use is slowly increasing in parallel to
a high prevalence of snus use, and among dual users one
out of three of men and one out of four women are still
dual users after 10 years of follow-up. The role of snus in
dual use and intermittent smoking should be investigated
in further studies.
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