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We investigated patterns of cigarette smoking and Swedish snus (oral smokeless tobacco) use in a population-based
sample of 19,073 Swedish twins 20—47 years old who participated in the baseline assessment of a prospective study
of tobacco use and cessation in 2005-2006. Age-adjusted prevalence odds ratios (POR) and 95% confidence
intervals (CI) describe the association between tobacco use and sex, after adjustment for non-independence of twin
pairs. Kaplan-Meier survival methods produced cumulative incidence curves of age at initiation of tobacco use.
Slightly more than half of the baseline population was female (55.2%); the mean age at interview was 33.3 (+7.2)
years and did not differ by sex. Having ever smoked daily was less common among males than females (11.9% vs.
15.3%; POR=0.70 [0.64-0.77]), while having ever used snus daily was more common among males than females
(31.1% vs. 4.8%; POR 11.7 [95% CI=10.6-13.1]). The median age at initiation of smoking was 15 years for both
sexes; median age at onset of snus use was 15 years for males and 18 years for females. Nicotine dependence scores
were higher for males than females, and for current than former smokers. Findings from this study are in contrast
to our previously published report on tobacco use among 32,123 Swedish twins 42—64 years old who completed a
similar survey, and reported lower rates of snus use at later ages. Patterns of tobacco use may be changing in
Sweden; snus use appears to be increasing, while daily smoking appears to be decreasing in popularity among the
younger Swedish twins.

Introduction 2.3% achieve sustained abstinence despite available
smoking cessation methods (Silagy, Lancaster, Stead,
Mant, & Fowler, 2004). The extraordinary addictive-
ness of nicotine is a prominent cause of difficulties in
quitting tobacco, but cannot of itself explain the
marked interindividual differences in cessation rates.

To delineate etiological factors involved in tobacco

Smoking cessation remains an elusive goal for many
smokers as relapse is normative. Although approxi-
mately 70% of smokers wish to quit, and more than
46% make an active attempt to quit each year, only
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use, relapse and cessation, we conducted a population-
based, prospective study among Swedish twins, 2047
years old at baseline, from the Screening Twin Adults:
Genes and Environment (STAGE) study of the
Swedish Twin Registry (Lichtenstein et al., 2006).
Sweden is an ideal place for study of smoking
cessation because the proportion of daily smokers has
decreased from 35% to 14% among males and from
28% to 18% among females (StatisticsSweden, 2007)
over the past 25 years, and the availability of snus
(moist, oral smokeless tobacco) which Swedes may be
using to help them quit smoking (Foulds, Ramstrom,
Burke, & Fagerstrom, 2003; Furberg et al., 2005;
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Furberg, Lichtenstein, Pedersen, Bulik, & Sullivan,
2006; Gilljam & Galanti, 2003; Ramstrom, 2000,
2003a, 2003b; Ramstrom & Foulds, 2006; Rodu,
Stegmayr, Nasic, & Asplund, 2002; Rodu, Stegmayr,
Nasic, Cole, & Asplund, 2003; Stegmayr, Eliasson, &
Rodu, 2005). Swedish snus delivers similar levels of
nicotine as cigarettes but carries lower risks of cancer
than cigarettes (Accortt, Waterbor, Beall, & Howard,
2002; Lagergren, Bergstrom, Lindgren, & Nyren, 2000;
Levy et al., 2004; Lewin et al., 1998; Luo et al., 2007;
Rodu & Jansson, 2004; Schildt, Eriksson, Hardell, &
Magnuson, 1998; Ye, Ekstrom, Hansson, Bergstrom,
& Nyrén, 1999). Snus is available in Sweden and
Norway, but banned in the rest of the European
Union. The recent introduction of Swedish-style snus
into the American market by RJ Reynolds and Philip
Morris has forced the debate over Swedish snus as a
harm reduction product from the tobacco control
community (Fagerstrom & Schildt, 2003; Gilljam &
Galanti, 2003) to the international health community
(Foulds & Kozlowski, 2007; Gartner, Hall, Chapman,
& Freeman, 2007; Gray, 2005; Lambe, 2004, 2007;
McKee & Gilmore, 2007, Savitz, Meyer, Tanzer,
Mirvish, & Lewin, 2006).

Baseline data collection for the STAGE follow-up
study of smoking cessation occurred between 2005 and
2006, when we obtained extensive tobacco use data via
web and/or telephone interviews from 19,073 male and
female twins born between 1959 and 1985. From the
baseline population we have identified participants
who had ever used cigarettes or snus in their lifetime
and are following them prospectively at yearly
intervals to identify changes in tobacco use including
cessation attempts, relapses, and transitions between
cigarette and snus use. The STAGE follow-up study of
smoking cessation within the Swedish Twin Registry
has the potential to advance significantly our knowl-
edge of cigarettes and snus use patterns, nicotine
dependence, cessation attempts, and relapse. The
population-based twin design of STAGE allows us to
investigate the genetic architecture of tobacco-related
outcomes, but also to conduct traditional epidemiolo-
gical analyses after adjusting for twin correlation (such
as the results presented here).

This paper describes tobacco use at the baseline
interview for STAGE participants, and contrasts
them with those of older Swedish twins from a prior
survey. The aim of this paper is threefold: (1) to
describe the recruitment and data collection meth-
ods of STAGE, (2) to present tobacco use
characteristics of the STAGE baseline sample, and
(3) to compare tobacco use prevalence between
twins from the STAGE sample (N=19,073) with
twins who participated in a highly similar survey of
older Swedish twins (42-64 years of age) called
Screening Across the Lifespan Twin (SALT) study
(N=31,213).

Methods
Swedish Twin Registry

The Swedish Twin Registry (http:/ki.se/twinreg) is
the largest population-based registry of twin births in
the world (Pedersen, Lichtenstein, & Svedberg,
2002). The Swedish Twin Registry contains data on
current vital status, marital status, address, and place
of birth for >99.0% of all ~160,000 Swedish twins
born between1886-2000. The data collection proce-
dures were reviewed and approved by the Swedish
Data Inspection Board and the Regional Ethics
Committee of the Karolinska Institutet. All subjects
provided informed consent during the web ques-
tionnaire or through the telephone interview, which
was later confirmed by postcard.

Two recent studies have been conducted within the
Swedish Twin Registry population to screen for
common diseases, and included detailed questions
about tobacco use. These studies have been described
in detail elsewhere (Lichtenstein et al., 2002,
Lichtenstein et al., 2006; Pedersen et al., 2002). The
SALT study was conducted between 1998-2002 and
focused on twins born prior to 1958. We have
published several cross-sectional, tobacco-related
analyses among these twins from SALT
(N=31,213) (Furberg et al., 2005; Furberg et al.,
2006; Furberg et al., in press). As cross-sectional
studies have critical limitations (Rothman &
Greenland, 1998), we initiated a longitudinal twin
study focused on smoking cessation. The Study of
Twin Adults: Genes and Environment (STAGE)
began in 2005 and recruited a younger cohort of
twins born in Sweden between 1959-1985
(Lichtenstein et al., 2006). SALT and STAGE studies
have representation from all 25 counties in Sweden,
but differ from each other in age-composition and
richness of information on tobacco use.

STAGE study

The target population of STAGE was approxi-
mately 43,000 eligible twins, with both twins living
to at least one year of age. Beginning in May 2005,
twins were sent a letter inviting them to participate
in the study and were given a personal login to the
study webpage which asked approximately 1,300
questions about common complex diseases within
34 sections, including a detailed tobacco use
assessment. Twins could also select to complete
the interview by phone with a trained interviewer
using a computer-based data collection method.
The response rate for the baseline tobacco use
assessment of STAGE was 47.0% (N=20,117). As
1,044 twins (5.2%) had to be excluded due to
missing data, the final sample size of the analyses
presented in this paper was 19,073.



Assessment of smoking and snus use in STAGE

Participants answered questions regarding the kind
of tobacco they used during their lifetime (cigarettes
and/or snus), and the type of tobacco user they
considered themselves to be. We classified cigarette
smokers as either having smoked cigarettes daily
(defined as smoking at least once a day), having
smoked cigarettes occasionally (defined as having
smoked less than once a day), or having never
smoked. Daily smokers and occasional smokers were
combined together to form the category ‘““Ever
smoked cigarettes.” We classified snus users as either
having used snus daily (defined as having used snus
at least once a day), having used snus occasionally
(defined as having used snus less than once a day), or
having never used snus. Daily snus users and
occasional snus users were combined together to
form the category “Ever used snus.” We created four
mutually-exclusive categories of “Lifetime combina-
tion tobacco use” which were those who had ever
smoked cigarettes and never used snus (exclusive
cigarette users), those who had ever used snus but
never smoked cigarettes (exclusive snus users), those
who ever used both products in their lifetime, and
those who never smoked cigarettes or used snus in
their lifetime. In addition, respondents provided
information about age at initiation of cigarette and
snus use, and whether they used either kind of
tobacco at the time of interview. Lifetime daily
smokers who had not smoked cigarettes in the past
month were considered former smokers; all other
daily smokers were classified as current smokers. The
same classification was used for snus status at the
time of interview. The Fagerstrom Test for Nicotine
Dependence (FTND) was used to assess nicotine
dependence  (Fagerstrom, 1978;  Heatherton,
Kozlowski, Frecker, & Fagerstrom, 1991).

Statistical analyses

Analyses were conducted with SAS 9.1 (SAS
Institute, 2004) and were stratified by sex. To
examine differences between participants and non-
participants of STAGE, we compared proportions of
categorical variables using chi-square tests and
compared the means of continuous variables using
Student ¢ tests. Prevalence odds ratios (POR) and
95% confidence intervals (CI) were obtained from
age-adjusted logistic regression models as measures
of association between sex and tobacco use. Least
squares means and standard errors (SE) were
conducted for FTND scores. We used the Kaplan-
Meier estimator method to examine age at initiation
curves of cigarette smoking and snus use among
males and females (Allison, 1995; Cox & Oakes,
1984). For the age at initiation of tobacco use curves,
time was defined as chronological age. Ages at
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initiation of tobacco use were used to define the event
(ie., “Ever smoked cigarettes” and “Ever used
snus’’), while age at interview was used as the
censoring variable for those who never used cigar-
ettes or snus in their lifetime.

Since twin pairs contribute correlated data that
can influence the standard errors of the parameter
estimates (Liang & Zeger, 1986), we used generalized
estimating equations to adjust for the clustering or
non-independence of members of a twin pair (Stokes,
1995). Specifically, we utilized the sandwich estima-
tor of the variance and specified the exchangeable
correlation structure. To cross-check our results, we
randomly selected one member from each twin pair
and repeated the aforementioned analyses on this
subset of singletons. As expected, the results were
nearly identical with the exception of wider con-
fidence intervals due to diminished sample size.

Results
Representativeness of the STAGE study

We conducted analyses to determine the extent of bias
between STAGE participants and non-participants
with regard to individual-level characteristics includ-
ing age, sex, birth weight, parents’ birthplace,
whether they had ever been convicted of any type
of crime, ever been diagnosed with a neurological
condition, or ever been diagnosed with a psychiatric
condition. STAGE participants and non-participants
did not differ by age, birth weight or whether they
had been diagnosed with a neurological condition
(all p values >.05; data not shown), but significant
differences were observed for the remaining variables
(p<.0001). Compared with STAGE participants, a
higher proportion of non-participants were male,
had at least one parent born outside of Sweden,
had been convicted of any type of crime, and had
been diagnosed with a psychiatric disorder. Non-
participants were also less educated and, among
males, had lower mean intellectual performance
scores at the time of conscription.

Demographic characteristics of the STAGE baseline
cohort

Detailed tobacco use information was obtained on
19,073 participants, slightly more than half of whom
were female (55.2%). Ages of participants ranged
from 2047 years and mean ages at interview (+ SD)
for each sex were similar, 33.4 (£ 7.7) years for males
and 33.1 (£7.6) years for females (p>0.05). Nearly
half of the STAGE sample had attended university
(45.2%), and 63.7% were married or cohabitating.
There were 5,466 complete twin pair sets, (N=10,932;
57.3%).
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Prevalence of cigarette smoking and snus use

Table 1 presents the lifetime prevalence of cigarette
use and snus use for the total STAGE population,
and by sex. More than 70% of STAGE participants
reported ever using tobacco in their lifetime (71.4%);
ever tobacco use was more common among males
(76.6%) than females (67.3%; POR=1.57, 95%
CI=1.46-1.68).

Although the proportion of participants in
STAGE who had ever smoked cigarettes in their
lifetime was higher than those who had ever used
snus (62.1% vs. 40.9%, respectively), lifetime daily
snus use (16.6%) was more common than lifetime
daily smoking (13.7%). Type of tobacco used differed
significantly by sex. Males were less likely to have
ever smoked daily than females (POR=0.70,
CI=0.64-0.77), and more likely to have ever used
snus daily (POR=11.7, CI=10.6-13.1). Among
males, lifetime daily snus use (31.1%) was more
common than lifetime daily smoking (11.9%).
Among females, the prevalence of lifetime daily snus
use was less than 5%, but it was 20.6% for lifetime
occasional snus use.

Table 1. Baseline tobacco use distributions among 19,073 male

Significant sex differences were observed also for
“Lifetime combination tobacco use.” Fewer males
than females reported exclusive cigarette use
(POR=0.55, CI=0.51-0.60); exclusive snus use, and
having used both products in their lifetime was more
common in males than females (POR=541,
CI=4.81-6.19) and (POR=2.82, CI=2.61-3.06,
respectively). Among males it was more common to
have ever used both products (44.0%) than either
cigarettes or snus exclusively (~16%). Among
females, only 4% had used snus exclusively, while
21.4% had used both products in their lifetime.

Also shown in Table 1 is the distribution of current
and former smoking status at interview among daily
tobacco users. The prevalence of current daily smoking
in the total STAGE study population was 8.8%; 7.5%
for males, 9.9% for females; prevalence of current daily
snus use was 13.5%; 25.7% for males, 3.7% for females.

Table 2 presents mean FTND scores by sex and by
smoking status at interview. Among people who had
ever smoked daily in their lifetime, mean FTND
scores were higher among males (mean 3.5+0.09)
than females (3.2+0.08; p=.0031). Mean FTND
scores were higher for people who were current daily

and female STAGE participants 20—47 years old.

All

Males Females Age-adjusted

N=19,073 (%)

n=8,553 (44.8) n=10,520 (55.2) POR (95% CI)?

LIFETIME TOBACCO USE (Cigarettes or snus)

Ever used cigarettes or snus 13626 (71.4)

Never used cigarettes or snus 5447 (28.6)
LIFETIME CIGARETTE SMOKING

Ever smoked cigarettes® 11844 (62.1)
Ever smoked cigarettes daily 2624 (13.7)
Ever smoked cigarettes occasionally 9220 (48.4)
Never smoked cigarettes 7229 (37.9)
LIFETIME SNUS USE

Ever used snus® 7796 (40.9)
Ever used snus daily 3168 (16.6)
Ever used snus occasionally 4628 (24.3)
Never used snus 11277 (59.1)

LIFETIME COMBINATION TOBACCO USE®

Ever smoked cigarettes, never used snus 5830 (30.6)
Ever used snus, never smoked cigarettes 1782 (9.3)
Used both cigarettes and snus in lifetime (
Never smoked cigarettes or used snus (

SMOKING STATUS AT INTERVIEW®

5447 (28.6)

Current daily cigarette smoker 1685 (8.8)
Former daily cigarette smoker 936 (4.9)
Never smoked cigarettes 7229 (37.9)
SNUS USE STATUS AT INTERVIEW®

Current daily snus user 2581 (13.5)
Former daily snus user 581 (3.1)

Never used snus 11277 (59.1)

6547 (76.6) 7079 (67.3) 1.57 (1.46-1.68)
2006 (23.4) 3441 (32.7) 1.0 (reference group)
5187 (60.7) 6657 (63.3) 0.88 (0.83-0.94)
1016 (11.9) 1608 (15.3) 0.70 (0.64-0.77)
4171 (48.8) 5049 (48.0) 0.94 (0.88-1.01)
3366 (39.3) 3863 (36.7) 1.0 (reference group)
5123 (59.9) 2673 (25.4) 4.46 (4.18-4.76)
2664 (31.1) 504 (4.8) 11.7 (10.6-13.1)
2770 (28.8) 2169 (20.6) 2.62 (2.44-2.82)
3430 (40.1) 7847 (74.6) 1.0 (reference group)
1424 (16.7) 4406 (41.9) 0.55 (0.51-0.60)
1360 (15.9) 422 (4.0) 5.41 (4.81-6.19)
3763 (44.0) 2251 (21.4) 2.82 (2.61-3.06)
2006 (23.4) 3441 (32.7) 1.0 (reference group)
645 (7.5) 1040 (9.9) 0.69 (0.61-0.77)
369 (4.3) 567 (5.4) 0.73 (0.63-0.84)
3366 (39.3) 3863 (36.7) 1.0 (reference group)
2196 (25.7) 385 (3.7) 12.6 (11.2-14.2)
463 (5.4) 118 (1.1) 9.1 (7.3-11.2)
3430 (40.1) 7847 (74.6) 1.0 (reference group)

Note. ®Prevalence Odds Ratios (POR) describe the association between each smoking and snus variable comparing males with

females, adjusted for age and twin clustering.

b“Ever smoked cigarettes” is the sum of “Ever smoked cigarettes daily” and “Ever smoked cigarettes occasionally.”
®“Ever used snus” is the sum of “Ever used snus daily” and “Ever used snus occasionally.”

9 ifetime Combination Tobacco Use” shows mutually-exclusive categories of lifetime tobacco use.

®Percentages do not add to 100% because occasional tobacco users are not represented.



Table 2. Fagerstréom Test for Nicotine Dependence (FTND)
scores by sex and smoking status among daily smokers in
STAGE.

MEAN FTND

SCORE (SE) All Males Females p value

Ever smoked 3.3 (0.09) 3.5 (0.09) 3.2 (0.08) p—.00312

cigarettes daily

Current daily 3.5(0.08) 3.7 (0.15) 3.4 (0.14) p=.1389%
smoker
Former daily

smoker

2.9 (0.10) 3.2 (0.14) 2.6 (0.11) p=.00172

p=.0101®*  p<.001®

Note. ®Least square means, standard errors (SE) and p values
obtained from mixed models which examined whether FTND
scores differed for males vs. females, among all daily smokers,
among current daily smokers and among former daily smokers
while adjusting for twin correlation.

PlLeast square means, standard errors (SE) and p values
obtained from mixed models which examined whether FTND
scores differed for current daily smokers vs. former daily
smokers, among males and among females while adjusting for
twin correlation.

smokers at interview (3.540.08) than former daily
smokers (2.94+0.10; p=.0001). Males had signifi-
cantly higher FTND scores than females in all
categories of daily smoking, except current daily
smoking (3.7+0.15 vs. 3.44+0.14, p=.1389).

Ages at initiation of tobacco use

As shown in Figure 1, age at initiation of ever lifetime
cigarette smoking occurred almost entirely before age
25 in this population, with an accelerated rate
between 8 and 20 years of age. Ages at initiation
were similar for male and female cigarette users and
male snus users (median age at onset 15 years), while
female snus users exhibited a later age at onset at 18
years.

a. Among mabes.
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Figure 1: Age at onset of cigarette use and snus use by
sex in STAGE.

Comparison of tobacco use prevalence in SALT and
STAGE

Details about the SALT study have been previously
published (Furberg et al., 2005; Furberg et al., 2006;
Furberg et al., in press). That study and STAGE
were similar in sex composition and region surveyed,
but differed by age. Participants in the SALT study
were older and therefore more educated, had higher
incomes, and were more often married than the
STAGE participants (data not shown).

Figure 2a-b compares the prevalence of tobacco
use of the younger twins of STAGE with the older
twins of the SALT study, stratified by sex. For all
comparisons p<<.0001, except “Ever Smoker” among
females where p=.0088. The prevalence of ever
lifetime tobacco use was slightly higher in STAGE

b. Among females.
80
70
60 -
50 - —
40 -

W STAGE
OSALT

Figure 2. Comparing prevalence of tobacco use in STAGE (twins 20—47 years old) and Screening Across the Lifespan
Twin study (SALT) (twins 42—64 years old). Top panel: males; bottom panel: females. Statistically significant p values of
logistic regression analyses indicated that tobacco use differ across the two studies, when age and twin correlation are
considered. All p<<.0001 except for “Ever Smoker” among females, p=.009.
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than in SALT study for both males and females.
There were striking differences in the prevalence of
lifetime daily smoking and snus use between the two
studies; having ever smoked daily was less common
in STAGE, while having used snus daily was more
common in STAGE.

Discussion
Summary

In the baseline assessment of the STAGE cohort, we
found that the prevalence of types of tobacco use
differed significantly by sex—females tended to smoke
cigarettes more than use snus, while males were more or
less equally likely to use either product. Among males,
the prevalence of daily snus use was higher than that of
daily cigarette use. The age at initiation curves for
cigarette and snus use overlapped for males, and was
similar to the age at onset curve of cigarettes for
females. Comparison of prevalences between the
younger STAGE and older SALT study cohorts
highlighted that snus use appears to be increasing while
daily cigarette smoking appears to be decreasing among
younger twins.

Comparison to previous reports

Several papers using data from two Swedish cohorts
have described prevalence of cigarette smoking and
snus use in detail, and findings are generally in line with
this report (Ramstrom & Foulds, 2006; Rodu et al.,
2002; Stegmayr et al., 2005). Ramstrom and Foulds
(2006) conducted a retrospective analysis of data from
a cross-sectional survey conducted in 2001-2002
among 6,752 adult Swedes ages 16-79 years. Since
they presented tobacco use prevalence rates by age-
group we compared our findings among STAGE twins
20-47 years old to their participants who were most
similar in age, and our estimates of regular smoking
and regular snus use were nearly identical. They also
examined how patterns of cigarette and snus impact
smoking initiation or smoking cessation, and con-
cluded that snus use is associated with a reduced risk of
becoming a smoker and an increased likelihood of
quitting smoking. Given our prospective study design,
we plan to evaluate over time how transitions between
tobacco use in the STAGE cohort are associated with
smoking cessation and relapse.

Findings from two other papers (Rodu et al., 2002;
Stegmayr et al.,, 2005), based on data from the
Northern Sweden component of the World Health
Organization (WHO) Multinational Monitoring of
Trends and Determinants in Cardiovascular
Diseases, are also supportive of our conclusions.
The WHO study collected detailed tobacco use
characteristics from five separate population-based

surveys between 1986-2004 (Rodu et al., 2002).
Conversion of our sex-specific prevalences into
population prevalences shows that our findings are
similar to Rodu et al. (2002), with the exception of
exclusive snus use, where they found a higher
prevalence in males (13% vs. about 8% in STAGE).
It is possible this difference is attributable to study
location, since snus consumption appears to vary by
region in Sweden and is higher among males in
northern Sweden (Lindstrom & Isacsson, 2002).

An additional year of follow-up of the WHO cohort
was recently reported by Stegmayr et al. (2005), who
found that the prevalence of cigarette smoking
decreased and snus use increased between previous
survey years and 2004. Similar to our report, daily snus
use was more popular than cigarette smoking among
males, particularly those 25-34 and 35-44 years old.
Among females, the prevalence of snus use was highest
in 2004 than prior survey years.

Stegmayr et al.(2005) and Ramstrom and Foulds
(2006) reported that 0%-2% of Swedes are current
daily dual users of cigarettes and snus. As we did not
assess current daily dual use in this analysis, it was not
appropriate to contrast the prevalence of “Lifetime
Combination Tobacco Use” in STAGE (31.5%) with
estimates of dual use from these reports. However, it is
notable that such a large proportion of STAGE
participants reported that they had ever used both
products in their lifetime. We intend to examine this
subgroup more closely in future prospective analyses
where we examine their tobacco consumption and
cessation patterns, as current daily dual use of
cigarettes and snus could potentially reduce the impact
of smoking bans on tobacco use and the likelihood for
complete cessation (Gartner et al., 2007).

Sweden’s history with snus

Snus use may be more common among the younger
twins of STAGE than among the older twins from the
SALT study for several reasons. First, as described by
Gilljam and Galanti (2003), snus has become more
accessible in Sweden. Snus was first produced in
Sweden in the early 19th century when it was the
preferred tobacco product among working class men.
Sales of snus decreased during the 20th century when
cigarettes became popular, but increased following
intense marketing to young men and athletes since the
1970s. In 1995, Sweden entered the European Union
but was exempted from the oral smokeless tobacco
sales ban. Today Swedish snus is sold only in Sweden
and Norway, and is being test-marketed in the United
States (where it costs less than a pack of cigarettes).
Second, snus is considered by many to be a less
harmful alternative to cigarettes since it contains lower
concentrations of cancer-causing tobacco-specific
nitrosamines than found in other smokeless tobacco



products and cigarettes (Curvall, Romert, Norlen, &
Enzell, 1987; Foulds et al., 2003; Levy et al., 2004;
Osterdahl, Jansson, & Paccou, 2004). Among Swedish
men followed-up for 20 years, snus use was associated
with increased pancreatic cancer, but not oral or lung
cancer (Luo et al., 2007). The high levels of nicotine in
snus may contribute to the increased risks in metabolic
syndrome (Norberg, Stenlund, Lindahl, Boman, &
Weinehall, 2006) and type II diabetes mellitus (Persson
et al., 2000), but not all studies support this hypothesis
(Eliasson, Asplund, Nasic, & Rodu, 2004). Data on the
risk of circulatory disease, including cardiovascular
disease and stroke, with snus use are conflicting
(Asplund, 2003; Asplund, Nasic, Janlert, &
Stegmayr, 2003; Bolinder, Alfredsson, Englund, & de
Faire, 1994; Haglund, Eliasson, Stenbeck, & Rosen,
2007; Hergens, Ahlbom, Andersson, & Pershagen,
2005; Huhtasaari, Asplund, Lundberg, Stegmayr, &
Wester, 1992; Huhtasaari, Lundberg, Eliasson,
Janlert, & Asplund, 1999; Johansson, Sundquist,
Quist, & Sundquist, 2005; Lee, 2007). The Swedish
population has become more aware of snus as a
potential harm reduction product through increased
coverage of this topic in scientific journals and in
popular media.

Finally, snus may be increasing in popularity
among Swedes as the anti-smoking climate becomes
stronger. In 2002, the Swedish Parliament decided
that drinking and dining establishments should be
smoke-free; it went into law in June 2005. It is
possible that some smokers turn to snus as a
nicotine source when they can’t smoke. In this
analysis, we observed that 40% of males reported
having used cigarettes and snus in their lifetime. As
we did not examine the timing of such use, we
cannot reliably say whether snus use is being used
as a smoking cessation aid (smoking first, then
snus), as a gateway to smoking (snus first, then
smoking), or as current daily dual use (cigarettes
and snus together). We plan to address these
important distinctions in future analyses in our
prospective cohort of tobacco users.

Sex differences in tobacco use

Prior studies support that cigarette smoking is more
common among Swedish females than males
(Ramstrom & Foulds, 2006; Rodu et al., 2002;
Stegmayr et al., 2005). Although snus use was more
common among females from STAGE than the
SALT study, the highest prevalence of tobacco use
among females in STAGE was exclusive cigarette
use. In addition, STAGE females appear to be
initiating cigarette use earlier than snus use, and at
a higher rate than males. As all of the females in
STAGE are of child-bearing age, this is especially
concerning since nicotine is a neuroteratogen, and all
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nicotine-containing products should be avoided
especially during pregnancy (Ginzel et al., 2007).

Differences in FTND scores

We found that FTND scores were higher for males
than females, and for current than former smokers.
Fagerstrom et al. (1996) suggested that current
smokers might be more nicotine dependent since
the less dependent smokers succeed in quitting
smoking. Termed the hardening hypothesis, this
theory is currently being debated (Hughes &
Brandon, 2003; Warner & Burns, 2003). Results
from smoking cessation trials suggest that remaining
smokers are more dependent and more difficult to
treat (Irvin, Hendricks, & Brandon, 2003). However,
O’Connor et al. (2006) recently reported that the
number of cigarettes smoked and nicotine intake
have decreased in two populations of American
smokers between 1998 and 2002. The latter data do
not support the hypothesis that remaining smokers
are becoming more dependent on nicotine over time.
In future prospective analyses we will examine how
FTND scores are associated with quit attempts and
successes and whether they differ by sex.

Study limitations and strengths

Limitations of the SALT study and STAGE are
acknowledged. The response rate of STAGE was
47.0% and may have been due to the lengthy
questionnaire. Non-participants of STAGE were more
likely than participants to be male, less educated, have
at least one parent born outside of Sweden, been
convicted of any type of crime, and been diagnosed
with a psychiatric disorder. As tobacco use is more
prevalent among these groups of people, it is possible
that associations observed in this study are under-
estimated. At this time, the generalizability of our
findings is limited to the Swedish population since
Swedish snus use not widely available in the rest of the
world. However, with the recent introduction of
Swedish-style snus into the American tobacco market,
insights gained from the prevalence and patterns of
tobacco use in Sweden are increasingly relevant.

All tobacco use data from the SALT study and
STAGE were obtained through self-report, and use
of either tobacco product at interview was not
confirmed through biochemical testing. It is possible
that recall bias could have affected our findings,
particularly among the older Swedish twins of the
SALT study. However, there are no reasons to
suspect that participants would recall their uses of
cigarettes and snus differently. Nor would one
expect that males and females recall tobacco use
in a different manner. Thus, it is unlikely that
differential misclassification error affected our
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results within each cohort. If non-differential
misclassification of tobacco use influenced our
findings, they would have biased our results
towards the null (Rothman & Greenland, 1998).

Strengths of the STAGE study include its popula-
tion-based design with representation of a wide age
range of males and females, detailed assessment of
cigarette and snus use, and excellent statistical
power. The most promising feature of STAGE is
its prospective design. All lifetime cigarette smokers
and/or snus users identified at baseline and who
consented to follow-up are being re-contacted and
followed-up yearly for cessation attempts (among
current tobacco users), or relapses (among former
tobacco users). The first follow-up began in 2006. In
future analyses we will investigate how snus use
impacts cigarette smoking and utilize the twin study
design to delineate genetic and environmental effects
of tobacco use, nicotine dependence, cessation and
relapse.
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