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Interest in snus (Swedish-type moist snuff) as a smoking alternative has increased. This wide-ranging
review summarizes evidence relating snus to health and to initiation and cessation of smoking. Meta-
analyses are included. After smoking adjustment, snus is unassociated with cancer of the oropharynx
(meta-analysis RR 0.97, 95% CI 0.68-1.37), oesophagus (1.10, 0.92-1.33), stomach (0.98, 0.82-1.17), pan-
creas (1.20, 0.66-2.20), lung (0.71, 0.66-0.76) or other sites, or with heart disease (1.01, 0.91-1.12) or
stroke (1.05, 0.95-1.15). No clear associations are evident in never smokers, any possible risk from snus
being much less than from smoking. “Snuff-dipper’s lesion” does not predict oral cancer. Snus users have
increased weight, but diabetes and chronic hypertension seem unaffected. Notwithstanding unconfirmed
reports of associations with reduced birthweight, and some other conditions, the evidence provides scant
support for any major adverse health effect of snus. Although some claims that snus reduces initiation or
encourages quitting are unsoundly based, snus seems not to increase initiation, as indicated by few
smokers using snus before starting and current snus use being unassociated with smoking in adults
(the association in children probably being due to uncontrolled confounding), and there are no reports
that snus discourages quitting.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Smokeless tobacco is used worldwide, but the products vary
considerably. In parts of North Africa and Central and South-East
Asia the tobacco is sometimes heavily roasted, often used with
other products, such as betel nut, slaked lime and areca nuts
(Critchley and Unal, 2003; International Agency for Research on
Cancer, 2007a; Scientific Committee on Emerging and Newly
Identified Health Risks (SCENIHR), 2008), and may contain high
levels of carcinogenic nitrosamines (Idris et al., 1991; Stepanov
et al., 2005) and other carcinogenic impurities, including signifi-
cant quantities of polycyclic aromatic hydrocarbons (International
Agency for Research on Cancer, 1985). The product used also varies
between the USA and Sweden, the only North American and
European countries where smokeless tobacco is commonly used
(International Agency for Research on Cancer, 2007a). In the USA
chewing tobacco is common, and moist and dry snuff are also used,
but in Sweden a type of moist snuff known as snus is the dominant
product (Scientific Committee on Emerging and Newly Identified
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Health Risks (SCENIHR), 2008). This review concentrates on the
rapidly accumulating epidemiological evidence relating snus to
health.

Swedish-type moist snuff (“snus”) consists of finely ground air-
or sun-cured tobacco, salt (sodium chloride), water, humidifying
agents, chemical buffering agents (sodium carbonate), and food-
grade flavourings. In former years a pinch (or dip) was placed be-
tween the gum and upper lip, often for 11-14 h daily (International
Agency for Research on Cancer, 2007a), but more recently the most
common method of application by far is by portion-packed tobacco
in small sachets. This change follows studies showing that use of
pack products greatly reduces the risk of tobacco-related oral path-
ological changes (Andersson and Axéll, 1989; Axéll, 1993). Use of
snus involves nicotine exposure similar to, and perhaps somewhat
greater than, that from smoking (Agewall et al., 2002; Bolinder
et al.,, 1997a,b; Bolinder and de Faire, 1998; Eliasson et al., 1991;
Holm et al., 1992; Wennmalm et al., 1991).

The potential carcinogenicity of smokeless tobacco products
used in western countries is practically wholly associated with
the presence of the tobacco specific nitrosamines (TSNA) NNK
(4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone) and NNN
(N'-nitrosonornicotine) (International Agency for Research on
Cancer, 2007a; Nilsson, 1998). It should be noted that snus has,
for several decades, been based on a low-nitrate tobacco that is
neither fermented nor fire cured, giving very low levels of TSNA
as well as of carcinogenic polycyclic aromatic hydrocarbons. Also,
Swedish retailers refrigerate packages to prevent formation of
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TSNA during storage (International Agency for Research on Cancer,
2007a; Nilsson, 1998). Current levels of TSNA is snus are below
2 pg/g dry weight (Osterdahl et al., 2004).

Although selling snus is banned in other EU countries, Sweden
has a special derogation due to its long history of use. In Sweden,
the proportion of tobacco sold as snus (by weight) fell from 67%
in 1925 to 19% in 1965, when use was concentrated in older
men, but then rose, to 54% in 2005 (Forey et al., 2006-2009), with
usage spreading to younger people (Nordgren and Ramstrém,
1990). Recent surveys report regular use by about 20% of males
and 3% of females aged 15+ (Forey et al., 2006-2009). Compared
with other West European countries, manufactured cigarette
smoking in males is less common in Sweden (Table 1). Also,
Sweden has a relatively low rate of major smoking-related diseases
(Table 2), although it should be noted that inter-country compari-
sons are affected by other factors (e.g. alcohol consumption) and
that Table 2 only considers an illustrative selection of countries.
Foulds et al. (2003) have commented on the strikingly favourable
lung cancer trend among Swedish (compared to Norwegian)
men, accompanied by their increased use of snus and decreased
smoking.

Recently, interest in snus as a possible safer alternative to
smoking has risen, various reviews being published (Broadstock,
2007; Colilla, 2010; Critchley and Unal, 2003; Nilsson, 1998;
Scientific Committee on Emerging and Newly Identified Health
Risks (SCENIHR), 2008). These are often limited by not including

Table 1
Age-adjusted?® prevalence (%) of manufactured cigarette smoking in males aged 15+ in
selected West European countries®.

Country 1991-1995 1996-2000 2001-2005
Austria 37 36 39
Denmark 29 29 28
France 33 25 31
Germany 35 34 33
Ireland 28

Italy 36

Portugal 34

Spain 47

Sweden 23 19 17
Switzerland® 39 37 36
UK 27 21 22

Data not yet available for some countries for 1996-2005.
2 Age-adjusted to the European standard population (Waterhouse et al., 1976).
b Source: International mortality and smoking statistics (Forey et al., 2010).
¢ Data are for smoking of any product. Cigarettes form the great majority of the
market in Switzerland.

Table 2
Age-standardized mortality rates® from smoking-related diseases in men in selected
countries relative to Sweden (100)P.

Sweden USA UK Hungary France Japan

Ischaemic heart disease 100 108 109 210 43 30
Stroke 100 72 113 284 70 128
COPD 100 204 205 226 75 69
Oral cancer 100 116 123 853 337 141
Oesophageal cancer 100 137 249 202 179 201
Stomach cancer 100 64 127 274 115 481
Liver cancer 100 106 88 181 231 398
Pancreatic cancer 100 102 86 151 104 122
Larynx cancer 100 237 200 1089 461 118
Lung cancer 100 209 175 369 206 155
Bladder cancer 100 97 135 184 151 67
Kidney cancer 100 82 90 127 96 63

¢ Rates for men aged 35+ in 2004 standardized to the European standard popu-
lation (Waterhouse et al., 1976).

b Estimated from WHO mortality database (<http://www.who.int/healthinfo/
morttables/en/>).

meta-analyses, considering few health effects, failing clearly to
separate effects of snus and other types of smokeless tobacco,
omission of some recent relevant studies, and/or (as demonstrated
later) inappropriately evaluating evidence on smoking initiation or
cessation. Recently, my colleagues and myself have reviewed the
evidence relating smokeless tobacco use in Europe and North
America to cancer (Lee and Hamling, 2009a), oropharyngeal cancer
(Weitkunat et al., 2007), pancreatic cancer (Sponsiello-Wang et al.,
2008), circulatory disease (CID) (Lee, 2007) and oral disease (Kal-
lischnigg et al., 2008). The current epidemiological evidence for
these and other possible effects of snus is summarized in Sections
3.1-3.14, with data on the interrelationship of snus with smoking
considered in Sections 3.15-3.17. Attention is limited to evidence
from Sweden and on occasion its neighbours. The intent is to pro-
vide an up-to-date, comprehensive summary of the main evidence
relating to snus use as a possible alternative to smoking.

2. Materials and methods

For cancer and CID methods are as described previously (Lee,
2007; Lee and Hamling, 2009a), with searches updated to
September 2010. Studies in Sweden, Norway, Denmark and Finland
are considered. Random-effects meta-analyses (Fleiss and Gross,
1991) are restricted to relative risk (RR) or odds ratio (OR) esti-
mates for snus use (ever vs. never or current vs. never) which are
controlled for smoking, based either on whole population data ad-
justed for smoking, or data for never smokers. Meta-analyses use
either whole population estimates if available and never smoker
estimates otherwise (maximising power but allowing possible bias
from incomplete smoking adjustment), or estimates for never
smokers (avoiding bias, but using far fewer cases). The main focus
is on effect estimates for ever snus use for cancer, and for current
snus use for CID. Results by duration and extent of snus use are
also discussed, but meta-analyses are not conducted.

For non-neoplastic oral disease and CID risk factors, meta-
analyses are not conducted, methods being as described previously
(Kallischnigg et al., 2008; Lee, 2007), with searches updated to
September 2010.

For other diseases, MEDLINE searches were conducted of “snuff
OR snus OR smokeless tobacco” alone, or along with terms for dis-
eases. These were supplemented by citations in recent reviews and
in papers obtained. As the data are so limited for any single end-
point, control for smoking was not a requirement to consider the
paper.

Searches were also conducted in conjunction with “smoking”,
“smoking initiation” or “smoking cessation”. Papers selected, as well
as studies cited in International Smoking Statistics (Forey et al.,
2010), provided data relating current snus use to current smoking
and ever snus use to ever smoking, and relating snus use to initiation
in never smokers and to cessation in current smokers.

For cross-sectional studies relating snus to smoking, numbers of
subjects in four groups (both products, snus only, smoking only,
neither) are used to derive the OR with its 95% confidence interval
(CI) (Gardner and Altman, 1989). For predicting initiation and ces-
sation, cohort study data on numbers of users and non-users at
baseline and numbers starting smoking or quitting by the end
are used to estimate the RR with 95% CI (Gardner and Altman,
1989). Where data for a study are available from several publica-
tions, those presenting results consistently for several survey
waves, those including occasional smokers/users, and those pre-
senting sex- or age-specific results are generally preferred. Results
based on very few subjects are omitted, so often only male results
are presented. Publications on smoking initiation and cessation
based on retrospective studies are also considered, and their
propensity for bias discussed.
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While discussion of the results is mainly limited to Section 4,
discussion of issues specific to particular endpoints is, on occasion,
included in the relevant part of Section 3 to assist understanding.

3. Results
3.1. Cancer

Three cohort studies report relevant results; the construction
workers study (Bolinder et al., 1994; Fernberg et al., 2006, 2007;
Luo et al., 2007; Odenbro et al., 2005; Zendehdel et al., 2008), the
Norway cohorts study (Boffetta et al.,, 2005) and the Uppsala
county study (Roosaar et al., 2008). Eight publications (Blomqvist
et al., 1991; Hansson et al., 1994; Lagergren et al., 2000; Lewin
et al.,, 1998; Lindquist et al., 1987; Rosenquist et al., 2005; Schildt
et al,, 1998; Ye et al., 1999) describe case-control studies for one
or more cancer types. Apart from the Norway cohorts study
(Boffetta et al., 2005) all studies were conducted in Sweden. Table
3 presents results for ever use by cancer type.

Control for confounding variables is limited. Of the 16 publica-
tions cited in Table 3, two (Blomqvist et al., 1991; Hansson et al.,
1994) provide completely unadjusted estimates, while four (Boff-
etta et al., 2005; Bolinder et al., 1994; Lindquist et al., 1987; Oden-
bro et al., 2005) provide estimates adjusted only for age, sex (when
relevant) and, in two cases, area of residence. Other variables ad-
justed for include only body mass index in four publications (Fern-
berg et al., 2006, 2007; Luo et al., 2007; Zendehdel et al., 2008) and
only alcohol in another four (Lewin et al., 1998; Roosaar et al.,
2008; Rosenquist et al., 2005; Schildt et al., 1998). Only two publi-
cations provide estimates adjusted for multiple potential con-
founding variables other than age, sex and area of residence. One
(Ye et al., 1999) adjusted for body mass index and alcohol, while
the other (Lagergren et al., 2000) adjusted for these factors and also
diet, education, exercise and reflux symptoms.

No overall association is seen for oropharyngeal cancer, the
most studied cancer type. For the whole population, an increase
(RR 3.1, 95% CI 1.5-6.6) seen in the Uppsala county study (Roosaar
et al., 2008), based on 11 cases, contrasts with six studies showing
no increase, the overall estimate being 0.97 (0.68-1.37). The never
smoker estimate, 1.01 (0.71-1.45), based on four studies, is also
null. These results are supported by long-term follow-up of 1115
individuals with “snuff-dippers lesion” (Axéll et al., 1976), which
observed no oral cancers at the sites of lesions seen initially (Roos-
aar et al., 2006).

For oesophageal cancer, overall population estimates from four
studies provide a non-significant combined estimate (1.10, 0.92-
1.33). In contrast, a single estimate for never smokers from the
construction workers study (Zendehdel et al., 2008) of 1.92
(1.00-3.68), based on 11 exposed cases, adjusted for age and body
mass index but not alcohol consumption, is marginally significant.
Derived from widely differing separate estimates of 3.5 (1.6-7.6)
for squamous cell carcinoma and 0.2 (0.0-1.9) for adenocarcinoma,
this estimate of 1.92 (1.00-3.68) for never smokers can be com-
pared with a whole population estimate of 1.00 (0.79-1.27), based
on 77 cases, itself derived from estimates of 1.0 (0.8-1.4) for squa-
mous cell carcinoma and 1.0 (0.6-1.5) for adenocarcinoma. The
evidence for oesophageal cancer is at most suggestive of a possible
relationship, requiring confirmation in further studies.

The evidence for stomach cancer is similar to oesophageal can-
cer, whole population estimates from five studies showing no asso-
ciation (0.98, 0.82-1.17), but the construction workers study
(Zendehdel et al., 2008) showing some increase for never smokers
(1.33, 1.03-1.72). Here another study (Ye et al., 1999) shows no
association (0.5, 0.2-1.2) for never smokers, the overall data sug-
gesting no relationship.

The evidence for pancreatic cancer, discussed fully elsewhere
(Sponsiello-Wang et al., 2008), is difficult to interpret. The Norway
cohorts study (Boffetta et al., 2005) reported an increase for the
whole population (1.67, 1.12-2.50) but not for never smokers
(0.85, 0.24-3.07). In contrast, the construction workers study
(Luo et al., 2007) reported an increase for never smokers (2.0,
1.2-3.3) but not for the whole population (0.9, 0.7-1.2). Neither
combined estimate, for the whole population (1.20, 0.66-2.20) or
never smokers (1.61, 0.77-3.34), indicates any clear effect. Overall,
these studies, neither of which controlled for alcohol or diabetes,
provide an inconclusive suggestion of a possible association. One
should note that the smokeless tobacco consumed in the Norway
cohorts study was not Swedish snus, but a poorly defined snuff
probably characterized by a higher content of TSNA than compara-
ble Swedish products. Although probably not representative for the
snuff consumed, two samples of Norwegian oral snuff analyzed in
1983 (Osterdahl et al., 1984) exhibited rather high levels of NNK
(5.4 and 7.8 pg/g) and NNN (26 and 58 pug/g).

Table 3 presents limited results for various other cancers, with
no individual estimate increased. Not included in Table 3 is a RR
estimate of 4.7 (1.6-13.8) from one study (Lewin et al., 1998), asso-
ciated with ever snus use in never smokers for the combined inci-
dence of cancer of the oropharynx, oesophagus and larynx. Bearing
in mind the lack of association seen in the whole population esti-
mates for the individual sites (see Table 3) this increase provides
unconvincing evidence of a true effect.

The construction workers study (Bolinder et al., 1994) and the
Uppsala county study (Roosaar et al., 2008) present results for
overall cancer, with the combined estimates 1.03 (0.91-1.16) for
the whole population and 1.10 (0.94-1.29) for never smokers.
One study (Roosaar et al., 2008) reported an increase for smok-
ing-related cancers combined in never smokers (1.6, 1.1-2.5),
though not for the whole population.

Estimates in Table 3 relate to ever (vs. never) snus use except
where indicated. As described elsewhere (Lee and Hamling,
2009a), some studies provide results for current use but these do
not affect the conclusion that no clear effect on cancer risk has
been demonstrated.

Of the 16 publications cited in Table 3, eight (Fernberg et al.,
2006; Lagergren et al., 2000; Lewin et al., 1998; Luo et al., 2007;
Odenbro et al., 2005; Rosenquist et al., 2005; Schildt et al., 1998;
Ye et al., 1999) reported results by duration or amount of snus
use. One study (Fernberg et al., 2006) reported an increased risk
of Hodgkin’s disease in users of snuff for over 30 years (RR 3.78,
95% CI 1.23-11.60), based on four exposed cases, but no corre-
sponding increase for Non-Hodgkin’s lymphoma (0.69, 0.41-
1.15). However, no other study reported any significant tendency
for risk of any cancer to increase with increasing duration or
amount of use (results not shown), and the overall dose-response
results do not affect the interpretation of the data for snus use and
cancer.

3.2. Non-neoplastic oral disease

Three experimental studies (Andersson et al., 1995; Andersson
and Warfvinge, 2003; Larsson et al, 1991), one cohort study
(Roosaar et al., 2006), one case-control study (Rosenquist, 2005),
and nine cross-sectional studies (Andersson and Axéll, 1989;
Andersson et al., 1994; Axéll et al., 1976; Frithiof et al., 1983; Hirsch
et al., 1982; Jungell and Malmstrom, 1985; Pindborg and Renstrup,
1963; Roed-Petersen and Pindborg, 1973; Rolandsson et al., 2005;
Salonen et al., 1990) relate snus to “snuff-dipper’s lesion”, as de-
fined by Axéll et al. (1976) or similarly. Generally current users
have 100% incidence, with severity clearly associated with daily
time used and amount consumed (Andersson and Axéll, 1989;
Axéll et al., 1976; Rolandsson et al.,, 2005; Rosenquist, 2005).
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Short-term quitting reduces severity (Frithiof et al., 1983), longer-
term quitting eliminating the lesion (Jungell and Malmstrém,
1985; Larsson et al., 1991; Roosaar et al., 2006). Switching to lower
nicotine, lower pH or portion-bag snuff also reduces severity
(Andersson et al., 1995; Andersson and Warfvinge, 2003; Larsson
et al., 1991; Roosaar et al., 2006). As noted earlier, a cohort study
(Roosaar et al., 2006) observed no subsequent cancers at sites
where lesions were identified initially.

Some studies relate snus to periodontal and gingival diseases
(Bergstrom et al., 2006; Modéer et al., 1980; Montén et al., 2006;
Rolandsson et al., 2005; Wickholm et al., 2004). No relationship
is seen with plaque or calculus (Montén et al., 2006; Wickholm
et al., 2004), pocket depth (Bergstrom et al., 2006; Montén et al.,
2006; Wickholm et al., 2004), attachment loss (Montén et al.,
2006), alveolar bone level (Montén et al.,, 2006), bone height
(Bergstrom et al., 2006) or periodontal disease, defined as three
or more teeth with pocket depth >5mm (Wickholm et al.,
2004). One study (Modéer et al., 1980) reported an increased
(p <0.001) gingival index in snus users, others (Bergstrém et al.,
2006; Montén et al., 2006; Rolandsson et al., 2005; Wickholm
et al,, 2004) finding no relationship with gingivitis, gingival index
or gingival bleeding. One study (Montén et al., 2006) reported in-
creased gingival recession in snus users, and one (Wickholm
et al., 2004) did not. A relationship of snus to periodontal and gin-
gival diseases is not clearly established.

Snus is unrelated to number of teeth present (Bergstrom et al.,
2006; Rolandsson et al., 2005) or number filled (Rolandsson et al.,
2005). A reported increase in dental caries in 14-19 year old users
(Hirsch et al., 1991) is questionable, analyses not being age-ad-
justed, and users being markedly older than non-users. A possible
relationship of snus use with tooth loss and dental caries is not
established.

A recent nationwide study in Finland (Rintakoski et al., 2010)
reports an increased risk (OR 2.06, 95% CI 1.19-3.56) of weekly
bruxism (teeth grinding) in regular users of snuff, after adjustment
for covariates.

3.3.CD

Five cohort studies report relevant results; the construction
workers study (Bolinder et al., 1994, 1992; Hergens et al., 2007,
2008a), the Swedish living conditions survey (Haglund et al.,
2007; Johansson et al., 2005), the Uppsala county study (Roosaar
et al., 2008), the Malmé study (Janzon and Hedblad, 2009) and
the Swedish twin registry study (Hansson et al., 2009). There are
also case-control studies, some nested within cohort studies
(Ahmed et al., 2000; Asplund et al., 2003; Wennberg et al., 2007),
and some not (Hergens et al., 2005; Huhtasaari et al., 1992, 1999).
All the studies were conducted in Sweden. Table 4 presents results
for current use by disease type. All these data are for men, and fatal/
non-fatal cases combined. Reasons for excluding some studies are
given in Table 4. Although an attempt was made to avoid CID cases
being included more than once, some overlap is likely, e.g. for
reports based on the Multinational Monitoring of trends and deter-
minants in Cardiovascular disease (MONICA) study (Asplund et al.,
2003; Huhtasaari et al., 1992, 1999; Wennberg et al., 2007). This
seems unavoidable without unacceptable power loss.

As for cancer, control for confounding variables is somewhat
limited. Of the 12 publications cited in Table 4, one (Huhtasaari
et al., 1999) provides completely unadjusted estimates, while
three (Bolinder et al., 1994; Hergens et al.,, 2005; Huhtasaari
et al.,, 1992) provide estimates adjusted only for age and, in two
cases, area of residence. Other variables adjusted for include only
body mass index in two publications (Hergens et al., 2007, 2008a)
and only alcohol in one (Roosaar et al., 2008). Although the other
studies (Asplund et al., 2003; Haglund et al., 2007; Hansson et al.,

2009; Janzon and Hedblad, 2009; Wennberg et al., 2007) adjust
for multiple confounders, none consider all of such classical risk
factors as blood pressure, cholesterol level, obesity, diabetes and
exercise.

The results for ischaemic heart disease (IHD) and acute myocar-
dial infarction (AMI) suggest no relationship with current use, an
early report from the construction workers study (Bolinder et al.,
1994) of an increase in never smokers being outweighed by
numerous studies showing no relationship. The overall estimates
are close to 1.00 both for the whole population (1.01, 0.91-1.12)
and never smokers (0.99, 0.85-1.14). RRs for current (rather than
ever) use are presented, since the risk from smoking declines rap-
idly following quitting (International Agency for Research on Can-
cer, 2007b). Using estimates for ever use does not affect the
conclusion that snus is unassociated with AMI/IHD (data not
shown).

The results are for fatal and non-fatal cases combined, partly to
allow greater power. Also, publication bias is an issue, some stud-
ies not reporting results separately. Anyway, an association for
fatal cases but not for all cases seems unlikely unless implausibly
snus protects against non-fatal cases. The construction workers
study (Hergens et al., 2007) shows an increase in fatal AMI (RR
1.32, 1.08-1.61) for current use among never smokers, but no in-
crease in non-fatal AMI (0.94, 0.83-1.02). Four other small studies
(Haglund et al., 2007; Hergens et al., 2005; Huhtasaari et al., 1999;
Wennberg et al., 2007) show no significantly increased risk of fatal
AMI/IHD.

The results for stroke also suggest little association with current
use. No estimate is significant, with the combined estimates, 1.05
(0.95-1.15) for the whole population and 1.06 (0.96-1.17) for
never smokers. Conclusions are unaffected by considering ever
use (data not shown). Two studies (Haglund et al., 2007; Hergens
et al., 2008a) report results for fatal stroke, neither showing a sig-
nificant increase in risk of stroke.

The results for any CID are similar to IHD/AMI, with an increase
only in the early construction workers study report (Bolinder et al.,
1994). The overall estimates are 1.08 (0.92-1.27) for the whole
population and 1.08 (0.87-1.33) for never smokers.

Of the 12 publications cited in Table 4, only four (Hansson et al.,
2009; Hergens et al., 2007, 2008a; Huhtasaari et al., 1992) reported
results by duration or amount of snus use, but none showed any
significant trends by level of exposure for IHD/AMI, stroke or any
CID (results not shown).

Although a small effect of snus on the incidence of CID cannot
be excluded, this has not been demonstrated by the available epi-
demiological data.

3.4. Diabetes

Some publications (Attvall et al., 1993; Eliasson et al., 1996,
1991, 1995, 2004; Hergens et al., 2005; Johansson et al., 2005;
Norberg et al., 2006; Persson et al.,, 2000; Wallenfeldt et al.,
2001; Wandell et al., 2008) report results for diabetes or related
endpoints. One study of diabetes (Persson et al., 2000) reported a
notable association, with ORs of 3.9 (1.1-14.3) comparing current
exclusive snus users and never tobacco users, and 2.7 (1.3-5.5)
in current heavy snus users, regardless of tobacco consumption.
Other studies (Eliasson et al., 2004; Hergens et al., 2005; Johansson
et al., 2005; Norberg et al., 2006; Wandell et al., 2008) report no
clear relationship. No clear association is reported with glucose
intolerance (Eliasson et al., 2004; Norberg et al., 2006; Persson
et al., 2000), fasting glucose levels (Eliasson et al., 1991, 1995;
Wallenfeldt et al., 2001) or fasting insulin levels (Attvall et al., 1993;
Eliasson et al.,, 1991, 1995; Wallenfeldt et al., 2001). An association
of metabolic syndrome with high consumption (OR 1.6, 1.26-2.15
for >4 cans/week) in one study (Norberg et al., 2006) was not seen
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Summary of evidence comparing risk of CID in current and never snus users based on studies conducted in Sweden®.

Disease Source Study type® Whole population Never smokers Adjustment factors?
N¢ RR/OR (95% CI) N¢ RR/OR (95% CI)

IHD/AMI® Bolinder et al. (1994) PC 172 1.35 (1.13-1.62)f Age, res
Hergens et al. (2007) PC 416 1.02 (0.92-1.14) Age, BMI, res
Haglund et al. (2007) PC 43 0.83 (0.60-1.15)"¢ 28 0.77 (0.51-1.15)8" Age, exe, hea, ill, res, ses
Wennberg et al. (2007) NCC 88 0.90 (0.67-1.22)"¢ 21 0.82 (0.46-1.43) Age, BMLI, cho, edu, lei, phy
Huhtasaari et al. (1992) cc 91 1.01 (0.66-1.55)"¢ 59 0.89 (0.62-1.29)%" Age
Huhtasaari et al. (1999) cC 79 0.89 (0.64-1.23)"¢ 59 0.93 (0.65-1.34)" None
Hergens et al. (2005) cC 147 0.99 (0.78-1.25)f 10 0.73 (0.35-1.50) Age, res
Janzon and Hedblad (2009) PC 33 1.05 (0.80-1.40)* 4 0.75 (0.30-1.80)8 Age, BMI, bp, dia, mar, occ, phy
Hansson et al. (2009) PC 70 0.86 (0.66-1.14) 18 0.85 (0.51-1.41) Age, bp, chol, dia
Total' 9 1.01 (0.91-1.12) 9 0.99 (0.85-1.14)

Stroke Bolinder et al. (1994) PC 30 1.29 (0.83-1.99) Age, res
Hergens et al. (2008a) PC 412 1.05 (0.95-1.17) Age, BM], res
Haglund et al. (2007) PC 28 1.18 (0.78-1.77)" 19 1.07 (0.65-1.77)2" Age, exe, hea, ill, res, ses
Asplund et al. (2003) NCC 30 0.87 (0.41-1.83)8 Age, bp, cho, coh, dia, edu, mar, per, res
Janzon and Hedblad (2009) PC 35 0.97 (0.70-1.40)® 4 0.59 (0.20-1.50)8 Age, BMI, bp, dia, mar, occ, phy
Hansson et al. (2009) PC 36 0.91 (0.64-1.31) 14 1.18 (0.67-2.08) Age, bp, chol, dia
Total' 6 1.05 (0.95-1.15) 6 1.06 (0.96-1.17)

Any CID¥ Bolinder et al. (1994) PC 220 1.40 (1.20-1.60) Age, res
Haglund et al. (2007) PC 71 0.94 (0.72-1.21)"¢ 24 0.87 (0.64-1.18)%"  Age, exe, hea, ill, res, ses
Roosaar et al. (2008) PC NA 1.11 (0.96-1.25)! NA 1.15 (0.97-1.37)! Age, alc, per, res
Janzon and Hedblad (2009) PC 68 1.02 (0.82-1.26)"¢ 8 0.67 (0.35-1.30)"¢ Age, BMI, bp, dia, mar, occ, phy
Hansson et al. (2009) PC 104 0.91 (0.73-1.13) 32 1.00 (0.69-1.46) Age, bp, chol, dia
Total' 5 1.08 (0.92-1.27) 5 1.08 (0.87-1.33)

@ All results are for males and include fatal and non-fatal cases, where relevant. No evidence was found for countries other than Sweden. Excluded are a study of
subarachnoid haemorrhage (Koskinen and Blomstedt, 2006), with no valid controls or smoking adjustment; a stroke study (Ahmed et al., 2000) with no smoking adjustment;
an early publication from the living conditions survey (Johansson et al., 2005) superseded by a later one (Haglund et al., 2007); and the first construction workers study
publication (Bolinder et al., 1992) superseded by the second (Bolinder et al., 1994). Results from this second publication (Bolinder et al., 1994) are retained, later publications
(Hergens et al., 2007, 2008a) involving different workers receiving medical checks at different times.

b PC = prospective cohort, NCC = nested case-control, CC = case-control.

¢ For individual estimates the number of cases exposed to ST. For total estimates the number of individual estimates combined. NA = not available.

d Abbreviations used: alc = alcohol consumption, BMI = body mass index, bp =blood pressure, cho = cholesterol level, coh = cohort, dia = diabetes, edu = education,
exe = exercise, fhi = family history of early MI, hea = self reported health, ill = longstanding illness, lei = leisure time, mar = marital status, per = period, phy = physical activity,
res = area of residence, ses = socioeconomic status. All whole population estimates are also adjusted for smoking.

¢ IHD/AMI = ischaemic heart disease or acute myocardial infarction.
f Estimated from data in source article.

& Estimate is for current vs. non-current snus users.

" Estimate is for non-current smokers.

! Includes estimates for never smokers for studies where whole population estimates are not available.

I Significant heterogeneity at p < 0.05.
K CID = circulatory disease.
! Estimate is for ever vs. never snus users.

in another (Wdndell et al., 2008). An association of snus use with
diabetes is not clearly established.

3.5. Blood pressure

Two crossover studies (Hirsch et al., 1992; Rohani and Agewall,
2004) investigating acute effects of snus both reported significantly
increased blood pressure during rest, though only one (Rohani
and Agewall, 2004) found an effect during exercise. However,
cross-sectional studies (Ahlbom et al., 1997; Angman and Eliasson,
2008; Bolinder and de Faire, 1998; Bolinder et al., 1992; Eliasson
et al.,, 1991; 1995; Hergens et al., 2005, 2008b; Janzon and Hedblad,
2009; Johansson et al., 2005; Wallenfeldt et al., 2001; Wennmalm
et al.,, 1991) have generally not found higher blood pressure in snus
users, exceptions being two publications from the construction
workers study (Bolinder et al., 1992; Hergens et al., 2008b). One
of these (Hergens et al., 2008b) also found that, among never
smokers with normal blood pressure initially, ever snus users
had a significantly increased age- and body mass index (BMI)-
adjusted risk of hypertension (1.36, 1.07-1.72) occurring during
follow up. The results for blood pressure and CID are similar in that
an association with snus use was seen only in the construction
workers study. The overall evidence does not demonstrate a
chronic effect of snus on blood pressure.

3.6. Other risk factors for CID

Numerous publications (Ahlbom et al., 1997; Berggren et al.,
2007; Bolinder et al., 1997a,b, 1992; Ekenvall and Lindblad, 1985;
Eliasson et al., 1991, 1995; Ellingsen et al., 2009; Hergens et al., 2005;
Janzon and Hedblad, 2009; Nafziger et al., 2007; Norberg et al.,
2006; Rohani and Agewall, 2004; Stegmayr et al., 1993; Sundbeck
etal.,2009; Wallenfeldtet al.,2001; Wennmalm et al., 1991) provide
information on snus and CID-related endpoints. No relationship is
reported with atherosclerosis (Bolinder et al., 1997a; Wallenfeldt
etal.,2001), response to exercise (Bolinder et al., 1997b; Wennmalm
et al.,, 1991), cholesterol levels (Ahlbom et al., 1997; Bolinder et al.,
1997a; Eliasson et al., 1991, 1995; Hergens et al., 2005; Norberg
et al,, 2006; Wallenfeldt et al., 2001), fibrinogen (Ahlbom et al.,
1997; Bolinder et al., 1997a; Eliasson et al., 1991, 1995), platelet
activity (Berggren et al., 2007; Wennmalm et al., 1991) or antioxidant
and vitamin levels (Ellingsen et al., 2009; Stegmayr et al., 1993).
However, consistent reports (Hergens et al.,, 2005; Janzon and
Hedblad, 2009; Nafziger et al., 2007; Norberg et al., 2006; Sundbeck
et al.,, 2009) show users have increased obesity. There are two
reports (Bolinder et al., 1992; Ekenvall and Lindblad, 1985) of an
increase in Raynaud-type symptoms and one (Rohani and Agewall,
2004) of impaired endothelial function in snus users. For triglycer-
ides two studies (Norberg et al.,2006; Wallenfeldt et al.,2001) found
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an increase in users, but three (Ahlbom et al., 1997; Bolinder et al.,
1997a; Eliasson et al., 1991) found no relationship.

3.7. Respiratory system diseases

The Uppsala county study (Roosaar et al., 2008) reported in-
creased respiratory mortality among male users aged 80+ (1.8,
1.2-2.7), after adjustment for age, residence and smoking, but
not at age <80 (RR 0.8, 0.4-1.6). Similar relationships were seen
in never smokers. The construction workers study has not reported
mortality results, but did report (Bolinder et al.,, 1992) that, in
never smokers, users had an increased age-adjusted risk of morn-
ing cough (2.1, 1.8-2.4), >3 months’ cough/year (1.4, 1.1-1.7), and
breathlessness on effort (1.4, 1.3-1.6). It is unclear whether these
associations are due to confounding by other factors or are relevant
to snus as currently used.

3.8. Digestive system diseases

No study reports overall mortality results for digestive system
diseases. In the construction workers study (Bolinder et al., 1992)
no positive association was reported in never smokers with age-
adjusted risk of heartburn (0.9, 0.8-0.9) or peptic ulcer (1.1, 0.9-
1.2). No association between snus and gallstone disease was seen
in a prospective study of twins (Katsika et al., 2007). After adjust-
ment for sex, age, zygosity, BMI, alcohol and smoking, an OR of 1.05
(0.49-2.23) was reported when comparing diseased twins with all
other twins in the study, with no relationship also seen in twin
pairs with one having the disease. A case-control study of inflam-
matory bowel disease (Persson et al., 1993) reported an increased
risk in snus users of both Crohn’s disease (2.1, 1.0-4.6) and ulcer-
ative colitis (2.2, 1.1-4.6), after adjustment for age and smoking, in
current and former cigarette smokers. The increased risk of ulcer-
ative colitis in current smokers using snus seems surprising, as it
contrasts with the often reported reduced risk in current smokers
(Mahid et al., 2006). It also contrasts with a recent report from the
construction workers study (Carlens et al., 2010) that ever snus use
was not associated with the onset of either Crohn’s disease (RR 0.9,
0.8-1.1) or ulcerative colitis (1.1, 0.9-1.2), after adjustment for
smoking, during follow-up of over 20 years.

3.9. All-cause mortality

In never smoking construction workers (Bolinder et al., 1994),
age-adjusted all-cause mortality was increased in users (1.4, 1.3-
1.8), more clearly at age 35-54 (1.9, 1.6-2.4) than at age 55-65
(1.2, 1.0-1.3). The excess corresponds largely to the CID increase
in this study. An increased all-cause mortality was also reported
in the Uppsala county study (Roosaar et al., 2008) in analyses ad-
justed for age, area of residence, alcohol and smoking (1.10,
1.01-1.21), and in never smokers (1.23, 1.09-1.40). While the com-
bined estimate for never smokers from the two studies (1.30, 1.15-
1.47) suggests an association, more evidence is clearly needed.

3.10. Pregnancy and reproductive effects

One study of singleton live births in Sweden in 1999-2000
(England et al., 2003) compared pregnancy outcomes in snus users,
smokers and non-tobacco users. Compared to non-users, adjusted
mean birthweight was reduced in users by 39 g (6-72 g) and in
smokers by 190 g (178-202 g). Preterm delivery was increased in
both snus users (OR 1.98, 1.46-2.68) and in smokers (1.57, 1.38-
1.80). Preeclampsia was reduced in smokers (0.63, 0.53-0.75), as
often reported (Conde-Agudelo et al., 1999), but was increased in
users (1.58, 1.09-2.27). Adjustment factors included maternal
age, parity, BMI and infant sex, but not alcohol or illicit drug use.

Recently Wikstrom and her colleagues have reported extended
results from the Swedish Medical Birth Register based on births in
1999-2006. In one publication (Wikstrém et al., 2010b) exclusive
snus users, compared to non-users of tobacco, were found to have
no increased risk of preeclampsia (OR 1.11, 0.97-1.28), after
adjustment for early pregnancy BMI, maternal age, parity and years
of education, conflicting with the substantial increase reported ear-
lier (England et al., 2003). There was also no increased risk of ges-
tational hypertension (0.89, 0.68-1.15). In another publication
(Wikstréom et al., 2010a) exclusive snus users were found to have
an increased adjusted risk of very preterm birth (1.38, 1.04-
1.83), and moderately preterm birth (1.25, 1.12-1.40), associations
being weaker than reported earlier (England et al., 2003). These
publications (Wikstrém et al., 2010a,b) confirmed the reduced inci-
dence of preeclampsia and increased risk of preterm delivery in
smokers.

In a study of military conscripts (Richthoff et al., 2008), average
age 18 years, 51 reported using snus. Smokers had a lower sperm
count, sperm concentration and follicle-stimulating hormone level
than non-smokers, but snus was unassociated with any reproduc-
tive parameter. Analyses adjusted for alcohol and length of
abstinence.

Recent reviews (Rogers, 2008; Scientific Committee on Emerg-
ing and Newly Identified Health Risks (SCENIHR), 2008) criticize
the limited data, too sparse to allow conclusions.

3.11. Psychiatric disorders

In never smoking construction workers (Bolinder et al., 1992),
users had an increased age-adjusted risk of sleeping disturbances
(1.2, 1.1-1.4) and nervous problems (1.2, 1.1-1.4).

In a study of patients with risperidone-treated schizophrenia or
schizophrenia-related disorders (Levander et al., 2007), snus use in
men and smoking in both sexes was more frequent than nationally
reported. Nicotine users and non-users did not differ in diagnosis,
symptoms, side effects, weight, cognitive functions, personality or
outcome. The authors suggested that patients with psychosis fail to
desist from nicotine rather than experience positive effects of
usage. Snus users were not considered separately.

In a study of students (Lund et al., 2008), smoking and snus
were both associated with increased alcohol, drug taking and gam-
bling. Physical activity was negatively associated with smoking
and positively with snus. After adjustment for these and other vari-
ables, poor mental health was associated with smoking but not
with snus use.

There is no reliable indication that snus use affects the onset of
psychiatric disorders.

3.12. Neurodegenerative disorders

A 20 year follow-up of the construction workers (Fang et al.,
2006) investigated the relationship of smoking and snus use to
amyotrophic lateral sclerosis. Compared to never tobacco users,
no tobacco-related increases were seen, with RRs 0.6 (0.3-1.5)
for pure snus users and 0.9 (0.6-1.4) for smokers using snus.

In a case-control study of multiple sclerosis (Hedstrom et al.,
2009), an increased risk was evident in smokers in both sexes. In
never smokers, no increase was seen for current snus use (0.8,
0.4-1.3) or for long-term snus use before disease onset (0.3, 0.1-
0.8). Similar results were reported based on the construction work-
ers study (Carlens et al., 2010) with multiple sclerosis increased in
smokers, but not (1.0, 0.9-1.2) in ever snus users, after adjustment
for smoking.

These results provide no suggestion that snus use increases the
incidence of neuro-degenerative disease.
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3.13. Musculoskeletal disorders and other conditions

In never smoking construction workers (Bolinder et al., 1992),
users had increased recent low back pain (OR 1.1, 1.0-1.2). In mil-
itary conscripts (Mattila et al., 2008), low back pain was associated
with smokeless tobacco, with the OR 1.4 (1.2-1.7), adjusted for
age, health status and diseases in the last year. The authors sug-
gested this association may arise because snus is popular in sports-
men, the sport causing the low back pain. In a 12 year study
(Holmberg and Thelin, 2006), snus was unassociated with primary
care or sick leave due to neck and/or low back pain, but was asso-
ciated with an increased OR (3.46, 1.35-8.84) of disability pension
for such pain. This is difficult to interpret, being adjusted for cur-
rent neck and/or low back pain and for back diagnosis during fol-
low-up. In people with chronic pain (Jakobsson, 2008), pain
intensity was higher in smokers, but not snus users, after age
and sex adjustment. The endpoint here was any pain for at least
three months, though this would often be musculoskeletal.

Some studies investigated other endpoints. A study of military
conscripts (Heir and Eide, 1997) found that snus was associated
with proneness to musculoskeletal injuries during training, with
the OR 2.31 (1.34-3.99) after adjustment for age and fitness. A
study of men operated on for knee deformity (W-Dahl and
Toksvig-Larsen, 2007) found no effect of snus on bone healing or
post-operative complications, though effects were seen in smokers.
In never smoking construction workers (Bolinder et al., 1992) the
risk of disability pension for musculoskeletal diagnoses was in-
creased in snus users, with ORs increased at both age 46-55 years
(2.8, 1.6-4.8) and 56-65 years (1.5, 1.2-1.8).

Recently, the construction workers study reported (Carlens
et al., 2010) that ever snus use, adjusted for smoking, was unasso-
ciated with onset of rheumatoid arthritis (RR 1.0, 0.9-1.2) during
the follow-up period. The same publication also noted no relation-
ship of ever snus use with onset of sarcoidosis (RR 1.1, 0.8-1.5).

A case-control study (Wolk et al., 2009) reported finding no
association between current snus use and the onset of plaque pso-
riasis (OR 1.0, 0.6-1.9).

A study of pain and post-operative nausea and vomiting following
three common surgical procedures (Brattwall et al., 2010) reported a
significantly reduced incidence in regular users of tobacco, both
smokers and snus users, during the early post-operative period.
However, the results were mainly presented for combined nicotine
users, and specific effects of snus could not be clearly identified.

3.14. General health

In never smoking construction workers (Bolinder et al., 1992)
the age-adjusted RR for snus use was 1.1 (1.0-1.2) for frequent sick
leave (>1 day four times yearly) and 1.2 (1.1-1.2) for long leave
(=30 days yearly). Among those aged 46-55 years, snus was asso-
ciated with an increase (2.5, 1.7-3.5) of having a disability pension.
No RR for age 55-64 years was given.

In a cross-sectional study (Halling et al., 2007), having “best
general health”, assessed by five indicators, was unassociated with
either daily snus or daily smoking, with ORs adjusted for age and
demographic variables of, respectively, 0.94 (0.79-1.12) and 0.90
(0.79-1.02) compared to never tobacco users. Past snus (OR 0.74,
0.61-0.90) and past smoking (0.82, 0.74-0.90) were associated
with lower risk. Whether giving up snus causes, or results from,
poorer health is unassessable in a cross-sectional study.

3.15. Interrelationship of snus use and smoking

Snus use might in theory encourage initiation or discourage
quitting. Before considering evidence on smoking changes, evi-
dence on joint smoking and snus use is considered.

Table 5 presents prevalence ORs from eleven publications in
adults (Christensen, 2004; Lundqvist et al., 2009; Novo et al.,
2000; Persson et al, 2004; Ramstrém, 1986; Ramstrom and
Tibblin, 1987, 1988; Ramstrém and Foulds, 2006; Rodu et al.,
2002; Stegmayr et al., 2005; Wadman, 2009) and eight in adoles-
cents (Danielson, 2003; Galanti et al.,, 2001b; Grotvedt et al.,
2008; Hedman et al., 2007; Hvitfeldt and Nystrom, 2009; Nilsson
et al.,, 2009; Rosendahl et al., 2005; Wiium et al., 2009) relating
current snus and current smoking. In adolescents ORs range from
about 4 to over 10, with one exception (Wiium et al., 2009). In
adults there is no clear association, with 28 ORs greater than 1.0,
and 25 less than 1.0, and no consistent tendency for the OR to vary
by sex, age or time of survey.

Table 6 presents prevalence ORs relating ever snus use to ever
smoking from six publications in adults (Furberg et al., 2005, 2008b;
Hergens et al., 2005; Ramstrom and Tibblin, 1988; Ramstrém and
Foulds, 2006; Rodu et al., 2002) and four in adolescents (Galanti
et al.,, 2001a,b; Haukkala et al., 2006; Rosendahl et al., 2005). A
strong relationship is consistently seen, with ORs typically over
10 for children, though lower in adults.

These results could be explained by some people avoiding to-
bacco, many of the rest trying both products and ultimately set-
tling for one. The percentage currently using both (Table 5) is
quite low, rarely exceeding 10%, but the percentage ever using both
(Table 6), is higher, especially for men.

3.16. Does snus use affect smoking initiation?

This question can be investigated in cohort studies following up
never smokers. Table 7 presents data from three publications
(Galanti et al., 2001a, 2008; Lundqvist et al., 2009), the unadjusted
RRs consistently showing a positive relationship. While one study
(Galanti et al., 2008) reported an adjusted OR (1.95, 0.96-3.80)
similar to the unadjusted OR (1.81, 0.92-3.56), the adjustment
was only for age and sex and not for factors predictive of initiation,
e.g. propensity for risk taking. Table 7 also presents results from
some studies (Haukkala et al., 2006; Lundqvist et al., 2009; Stenbeck
et al., 2009; Tillgren et al., 1996) where smoking at the end of
follow-up was related to snus use in non-smokers, not never
smokers, at the start, so some people smoking at the end might
have been ex-smokers initially. These also show a positive relation-
ship. One study (Haukkala et al., 2006) reported that adjustment
for school, sport participation, and school achievement substan-
tially reduced the association. However, the range of adjustment
factors was far less than those considered in US studies of smoke-
less tobacco use which reported that adjustment substantially re-
duced (Severson et al., 2007) or even eliminated (Timberlake
et al.,, 2009) the observed association of smokeless tobacco with
initiation.

Two studies of Swedish adults (Furberg et al., 2005; Ramstrom
and Foulds, 2006) used retrospective data to study effects on initi-
ation. Ramstrom and Foulds (Ramstrém and Foulds, 2006) divided
3125 men into five groups (snus only, n=402; snus first, then
smoking, n = 100; smoking only, n = 888; smoking first, then snus,
n =338; never tobacco, n = 1397). The authors noted that the per-
centage subsequently smoking among those who started on snus
(100/502 = 20%) was substantially lower than among those who
had not started on snus (1226/2623 =47%, OR 0.28, 0.22-0.36).
Furberg et al. (2005) compared any lifetime smoking between
men using snus before smoking and men who had never used snus.
Lifetime smoking was negatively related to both regular snus use
(OR 0.2, 95% CI 0.2-0.3) and occasional snus use (OR 0.5, 95% CI
0.3-0.7). Though both authors (Furberg et al., 2005; Ramstrom
and Foulds, 2006) concluded that snus use is associated with re-
duced initiation, neither of the tests used are valid. Although the
ORs calculated were both substantially less than 1.0 this does not
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Table 7
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Smoking initiation (or resumption) during follow-up by initial snus use?® based on cohort studies in Sweden (or other Scandinavian countries)P.

Study/start date® Source Age (years, at start) Follow up (years)? Sex No snus Snus’ RR (95% CI)
N4 n® Ne n®

Never smoked at start

VIP cohort 1990-94 Lundqyvist et al. (2009) 30, 40, 50, 60 10 M 3596 51 965 40 2.92 (1.94-4.39)
30, 40, 50, 60 10 F 5210 121 131 4 1.31 (0.49-3.51)

BROMS cohort 1997-98 Galanti et al. (2001a) 11 1 M 1114 201 34 14 2.28 (1.50-3.48)
11 1 F 1185 200 18 5 1.65 (0.77-3.50)

Galanti et al. (2008) 11 7 M +F 1960 424 39 13 1.54 (0.98-2.42)%

Never smoked or ex-smoker at start

VIP cohort 1990-94 Lundqyvist et al. (2009) 30, 40, 50, 60 10 M 4695 109 1573 70 1.92 (1.43-2.57)
30, 40, 50, 60 10 F 6616 224 227 11 1.43 (0.79-2.58)

SSLC cohort 1980-81 Tillgren et al. (1996) 16-84 8 M 1334 80 286 29 1.69 (1.13-2.54)

SSLC cohort 1988-89 Stenbeck et al. (2009)" 16-44 8 M 503 20 200 11 1.38 (0.68-2.83)
45-84 8 M 789 16 120 6 2.47 (0.98-6.18)

ESFA cohort 1998 Haukkala et al. (2006) 13 1 M 833 - 11 - 6.21 (3.20-12.1)'
14 1 M 563 - 29 - 4.38 (2.82-6.80)'
15 1 M 363 - 44 - 4.37 (2.44-7.82)'

¢ Estimates derived from data provided in source where necessary.
5 In Sweden except for study of ESFA cohort, conducted in Finland.

¢ Abbreviations used: BROMS = Children Smoking and their Environment in Stockholm Region, VIP = Vdsterbotten Intervention Programme, SSLC = Swedish Survey of

Living Conditions, ESFA = European Smoking Prevention Framework Approach.
4 Number of never (or non) smokers at the start of the study.

€ Number of never (or non) smokers at the start who were smoking at the end. Smoking is of cigarettes except for the SSLC cohort where it is any product. n not available for

ESFA cohort.

f Snus use is regular or daily for the studies of adults and ever tried for the studies of adolescents.
& Galanti et al. (2008) report an odds ratio adjusted for sex and age at entry of 1.95 (95% CI 0.96-3.80).

h_ Estimates derived from additional data provided by Dr. Stenbeck.
! ORs, not RRs.

demonstrate an association of snus use and smoking actually ex-
ists. As shown in the Appendix, one can easily produce a hypothet-
ical example data set which generates similarly reduced ORs,
despite the data set being constructed assuming that smoking
and snus use are completely independent. The ORs that the authors
(Ramstrom and Foulds, 2006; Furberg et al., 2005) used are inher-
ently biased by the time available for initiation not being con-
trolled for in the analysis. For a given follow-up period, those
starting on snus can only initiate smoking from that time point
on, but those not starting on snus can initiate smoking from the
start of the period.

It must be concluded that there is little reliable information on
snus use and initiation. Cohort study analyses lack confounding
control, while retrospective study analyses use biased methodol-
ogy. Even if snus does affect initiation it seems unlikely to contrib-
ute much to total smoking incidence. Swedish twin data (Furberg
et al., 2005) shows that, of 9151 ever smoking men, few (3.2%) used
snus first. This low figure may be because the men, born pre-1959,
were mainly adult before snus became popular among adolescents
(Nordgren and Ramstrom, 1990). However, a later survey, of adult
Swedes born after 1984 (Ramstrom and Foulds, 2006), also re-
ported a low percentage (7.5%). Another cohort (Galanti et al.,
2008) found that, among adolescents who used either product,
only 11.2% started with snus. Other studies (Galanti et al., 2001a;
Lundqvist et al., 2009; Ramstrém and Tibblin, 1988) also report re-
sults suggesting that, among mixed smokers and snus users, start-
ing with smoking is much commoner than starting with snus. The
low percentage of smokers in Sweden (Table 2) also suggests that
snus does not increase smoking prevalence.

3.17. Does snus use affect smoking cessation?

This question can be investigated in cohort studies following up
current smokers. Table 8 summarizes data from five studies in
Sweden (Lindstrém and Isacsson, 2002; Lundqvist et al., 2009;
Rodu et al., 2003; Stenbeck et al., 2009; Tillgren et al., 1996), all
showing cessation is higher in snus users, significantly so (with

minor exception) in the longer studies (Lundqvist et al., 2009;
Rodu et al., 2003; Stenbeck et al., 2009; Tillgren et al., 1996). In
one study involving a one year follow-up (Lindstrom and Isacsson,
2002), the association was clearer with the combined incidence of
quitting or becoming an intermittent smoker. Table 8 also includes
results of a one year study (Helgason et al., 2004) reporting a non-
significant tendency for cessation to be likelier in snus users. Here,
however, snus use was only assessed at the end. All the RRs in Ta-
ble 8 are unadjusted for any potential confounding variable. Re-
sults for the telephone cohort (Helgason et al., 2004) showed
that adjustment for age, sex and factors related to smoking absten-
tion did not affect the association between quitting and snus.

Four publications (Furberg et al., 2005, 2008a; Gilljam and
Galanti, 2003; Ramstrom and Foulds, 2006) presented analyses of
retrospective studies. Although consistently showing an associa-
tion between snus use and quitting, none are unbiased. Thus, a first
set of analyses based on the Swedish Twin Registry (Furberg et al.,
2005) compared smoking status (current or quit) at the time of
interview in men using snus after they began smoking and in
men who never used snus, reporting an OR of 3.7 (3.3-4.2) for quit-
ting among snus users. This is not comparable to the Table 8 RRs,
partly as the users include people starting snus after quitting
smoking, and partly as snus users and never users have different
time available to quit. However, since the time available should
be less for snus users, who might not have started until near the
time of interview, the bias seems unlikely to explain the associa-
tion. Additional analysis of these data could clarify the relationship
based on the information apparently available on age at starting
and stopping smoking and snus use.

Another analysis based on the Swedish Twin Registry (Furberg
et al., 2008a) reported that, among ever regular smokers, ever snus
use was associated with not currently being a regular smoker, with
a hazard ratio of 2.70 (2.30-3.20) after adjustment for other pre-
dictors of cessation. This has similar limitations to the earlier anal-
ysis (Furberg et al., 2005), which is also true for analyses of a
telephone survey of smokers and ex-smokers (Gilljam and Galanti,
2003) which reported that the probability of being a former rather
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Table 8

Smoking cessation during follow-up by initial snus use based on cohort studies of Swedish adults®.

Study/start date® Source Follow-up (years) Sex No snus Snus® RR (95% CI)
N© nd N© nd
VIP cohort 1990-94 Lundqyvist et al. (2009) 10 M 1104 436 314 184 1.48 (1.32-1.67)
F 1914 788 43 30 1.69 (1.38-2.08)
SSLC cohort 1980-81 Tillgren et al. (1996) 8 M 643 180 119 52 1.56 (1.23-1.98)
SSLC cohort 1988-89 Stenbeck et al. (2009) 8 Mt 183 63 38 21 1.61 (1.13-2.28)
8 Mf 286 100 37 16 1.24 (0.83-1.85)
MONICA cohorts 1986, 90, 94 Rodu et al. (2003) 5913 M 287 117 67 37 1.35 (1.05-1.75)
MSNS cohort 1992-94 Lindstrom and Isacsson (2002) 1 M +F 2893 207 82 8 1.36 (0.70-2.67)
M+F 2893 388¢ 82 208 1.82 (1.23-2.69)
Telephone helpline cohort 1999 Helgason et al. (2004) 1 M+F 400 106 59 21 1.34 (0.92-1.96)"

¢ Estimates derived from data provided in source where necessary.

b Abbreviations used: VIP = Visterbotten Intervention Programme, SSLC = Swedish Survey of Living Conditions, MONICA = Multinational Monitoring of trends and deter-

minants in Cardiovascular disease, MSNS = Malmo Shoulder-Neck Study.

€ Number of daily smokers at the start of the study. Smoking is of any product except for the VIP and MONICA cohorts where it is of cigarettes.
4 Number of daily smokers at the start who were no longer smoking at the end of follow-up.
€ Snus use at the start of the study - exceptionally in the telephone helpline cohort snus use is at the end of follow-up. Snus use is daily except for the VIP and MSNS cohorts

where it is any use.

f Estimates derived from additional data provided by Dr. Stenbeck, ages 16-44 and 45-84.

& Number who had quit smoking or become intermittent smokers.

" The authors reported a crude odds ratio of 1.5 (0.9-2.7) which was unaffected by adjustment for age, sex and other potential confounding variables.

than a current smoker increased with ever snus use (OR 1.72, 1.30-
2.28) or with current snus use (OR 1.81, 1.31-2.53). More relevant,
as it avoids the possibility that the snus use is not concurrent with
the smoking, is a report that having used snus at the latest quit at-
tempt increased the probability of abstinence (OR 1.54, 1.09-2.20).
However, even this analysis is biased by not adjusting for the time
of the quit attempt. Similar issues relate to a cross-sectional survey
(Ramstrom and Foulds, 2006) which found that the success of the
latest quit attempt was greater for men using snus as their single
cessation aid (66%) rather than nicotine gum (47%, OR 2.2, 1.3-
3.7), or the nicotine patch (32%, OR 4.2, 2.1-8.6).

Also relevant may be data from successive MONICA surveys
(Rodu et al., 2002) showing that the proportion of men with a his-
tory of snus is substantially greater for ex-smokers than current
smokers (e.g. 1986 53% vs. 35%), though this does not directly re-
late to whether concurrent snus use affects quitting. Further data
from these surveys (Rodu et al., 2003) suggests that, among ex-
smokers, there is little difference in the relapse rate by previous
snus use.

The analyses summarized above are consistent with snus use
facilitating quitting, but have limitations. The cohort studies did
not adjust for predictors of quitting, while the retrospective studies
did not control for time available to quit or clearly distinguish ef-
fects on quitting of previous snus use, concurrent use, and use after
quitting (perhaps to maintain abstinence). Even so, it seems unli-
kely from these data that snus use could discourage quitting.

4. Discussion
4.1. Possible health effects of snus

The evidence provides little support for the existence of any
major adverse health effect of snus. Some associations are consis-
tently demonstrated, but seem either of relatively minor conse-
quence, or not necessarily causally related. Thus snuff-dipper’s
lesion (Kallischnigg et al., 2008) does not predict oral cancer
(Roosaar et al., 2006), and a reported acute effect of snus on blood
pressure (Hirsch et al., 1992; Rohani and Agewall, 2004) is unsup-
ported by evidence of increased blood pressure in snus users from
cross-sectional studies (Ahlbom et al., 1997; Angman and Eliasson,
2008; Bolinder and de Faire, 1998; Bolinder et al., 1992; Eliasson
etal,, 1991, 1995; Hergens et al., 2005, 2008b; Janzon and Hedblad,

2009; Johansson et al., 2005; Wallenfeldt et al., 2001; Wennmalm
et al., 1991). Whether the increased BMI in snus users (Hergens
et al., 2005; Janzon and Hedblad, 2009; Nafziger et al., 2007;
Norberg et al., 2006; Sundbeck et al., 2009) results from snus use
is unclear, as is the less consistently reported increase in musculo-
skeletal disorders (Bolinder et al., 1992; Heir and Eide, 1997;
Holmberg and Thelin, 2006; Jakobsson, 2008; Mattila et al.,
2008), which may arise as participants in occupations or sports
with increased risk of back problems may prefer snus to cigarettes
for practical reasons.

For many endpoints, little evidence is available and, for some,
isolated reports suggest a possible relationship. Reports that snus
increases the risk of respiratory disease in older men (Roosaar
et al,, 2008), respiratory symptoms (Bolinder et al., 1992), Raynaud-
type symptoms (Bolinder et al.,, 1992; Ekenvall and Lindblad,
1985), bruxism (Rintakoski et al., 2010) and reduced birthweight
(England et al., 2003) have no other supportive evidence, while re-
ports of an increased risk of preterm delivery if the mother used
snus are based on two overlapping analyses of the same database
(England et al., 2003; Wikstrom et al., 2010a).

For some endpoints, more evidence is available but reported
associations are unconfirmed by other evidence. This is true for
ulcerative colitis and Crohn’s disease, where reported increases
in risk (Persson et al., 1993) were not seen in the construction
workers study (Carlens et al., 2010), and for preeclampsia, where
an increased risk reported in 2003 (England et al., 2003) was not
confirmed by a more extensive study of the same database
(Wikstréom et al., 2010b). It is also the case for gingival diseases,
where the associations seen (Modéer et al., 1980; Montén et al.,
2006) are not replicated (Bergstrom et al., 2006; Rolandsson
et al., 2005; Wickholm et al., 2004), and for diabetes, where one
study (Persson et al., 2000), but not others (Eliasson et al., 2004;
Hergens et al., 2005; Johansson et al., 2005; Norberg et al., 2006;
Wadndell et al., 2008) reported an association. Other examples are
metabolic syndrome, where one study (Norberg et al., 2006), but
not another (Wdndell et al., 2008) reported an association; and
triglyceride levels, where two studies reported an increase (Nor-
berg et al., 2006; Wallenfeldt et al., 2001) but three found no rela-
tionship (Ahlbom et al., 1997; Bolinder et al., 1997a; Eliasson et al.,
1991).

The discussion above does not concern the data for cancer and
CID. For CID, eleven reports (Asplund et al., 2003; Haglund et al.,
2007; Hansson et al., 2009; Hergens et al., 2005, 2007, 2008a;
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Huhtasaari et al., 1992, 1999; Janzon and Hedblad, 2009; Roosaar
et al., 2008; Wennberg et al., 2007) and meta-analyses consistently
show no relationship, except for an early report from the construc-
tion workers study (Bolinder et al., 1994) of an increase in IHD/AMI
and any CID, which contrasts with later reports from the same
study (Hergens et al., 2007, 2008a). Although a weak effect of snus
use on CID remains possible, the overall data are certainly consis-
tent with no effect.

Boffetta and Straif (2009) have recently concluded that studies
in Sweden show an increased risk of death from myocardial infarc-
tion and stroke, citing a combined RR estimate of 1.27 (1.07-1.52)
for fatal myocardial infarction based on five studies (Haglund
et al.,, 2007; Hergens et al., 2005, 2007; Huhtasaari et al., 1999;
Wennberg et al., 2007) and of 1.25 (0.91-1.70) for fatal stroke
based on two studies (Haglund et al., 2007; Hergens et al., 2008a).
Their conclusion seems unjustified. For stroke, neither the combined
nor the individual study RR estimates are statistically significant.
For AMI the combined estimate is dominated by the estimate of
1.32 (1.08-1.61) from the construction workers study (Hergens
et al., 2007), a study which is open to question, as discussed later,
and the estimate must be interpreted in the light of the lack of
evidence of an association for combined fatal and non-fatal cases.

For cancer, there are more reports of an association, but the
meta-analyses are generally null. The claim by Boffetta et al.
(2008) that smokeless tobacco increases risk of oropharyngeal,
oesophageal and pancreatic cancer has been discussed fully else-
where (Lee and Hamling, 2009a,b). While the discussion relates
to smokeless tobacco use in North America and Sweden, some
points relate to snus.

For pancreatic cancer, Boffetta et al. (2008) cited only the in-
creases for never smokers from the construction workers study
(Luo et al., 2007) and for the whole population from the Norway
cohorts study (Boffetta et al., 2005), not mentioning the lack of in-
crease for the whole population for the construction workers (Luo
et al., 2007) and for never smokers for the Norway cohorts (Boffetta
et al., 2005). For both whole population and never smokers, the
meta-analyses only suggest a possible association.

The same is true for oesophageal cancer, three studies (Boffetta
et al., 2005; Lagergren et al., 2000; Lewin et al., 1998) showing no
relationship, and the construction workers study (Zendehdel et al.,
2008) an increase only in never smokers. Remarkably, Boffetta
et al. (2008) considered only the never smoker RR of 3.5 (1.6-
7.6) for squamous cell carcinoma, not mentioning the RR of 0.2
(0.0-1.9) for adenocarcinoma, or the smoking-adjusted whole pop-
ulation RRs of 1.0 (0.8-1.4) for squamous cell carcinoma and 1.0
(0.6-1.5) for adenocarcinoma. Until the increase in squamous cell
carcinoma in never smokers is confirmed, an association of snus
use with oesophageal cancer is undemonstrated.

For oropharyngeal cancer, the analyses reported here are con-
sistent with those of Boffetta et al. (2008) in finding no association.
One study (Roosaar et al., 2008) reported an association, but six
studies did not (Blomgqvist et al., 1991; Boffetta et al., 2005; Lewin
et al., 1998; Luo et al., 2007; Rosenquist et al., 2005; Schildt et al.,
1998) and the combined data show no relationship. This is consis-
tent with our earlier review (Lee and Hamling, 2009a) which noted
an increased risk for past use in the USA, but found no evidence of
an increase at all in studies published since 1990 in either the USA
or Scandinavia.

For lung cancer, the two studies (Boffetta et al., 2005; Luo et al.,
2007) show no association. Boffetta et al. (2008) considered insuf-
ficient evidence was available to study other cancers. However,
there are five studies (Boffetta et al., 2005; Hansson et al., 1994;
Lagergren et al., 2000; Ye et al., 1999; Zendehdel et al., 2008) on
stomach cancer, the combined evidence showing no increase, de-
spite the increased risk for never smoking construction workers
(Zendehdel et al., 2008). For other cancers, the evidence is limited,

the only significant association reported being the increase for
smoking-related cancers in never smokers in the Uppsala county
study (Roosaar et al., 2008). This requires confirmation, this study
being the only one reporting an increase for oropharyngeal cancer.

The lack of clear relationship of snus use with cancer risk is con-
sistent with the very low estimated risk predicted from extrapola-
tion of the dose response relationships found in rodents to actual
exposures to NNK and NNN from snus, which would be expected
to result in pro-mutagenic DNA adduct levels that are more than
an order of magnitude below those normally found in humans
(Nilsson, 2006).

4.2. The construction workers study

The tendency for the construction workers study to report asso-
ciations not found elsewhere is interesting. This is true for oesoph-
ageal cancer (Zendehdel et al., 2008), stomach cancer (Zendehdel
et al., 2008), IHD/AMI (Bolinder et al., 1994), any CID (Bolinder
et al.,, 1994), blood pressure (Bolinder et al., 1992; Hergens et al.,
2008b), and some endpoints not investigated in other studies;
respiratory symptoms, sleep disturbances, nervous problems and
sick leave (Bolinder et al., 1992). Though the study is large, pro-
spective, and involves long-term follow-up, there are two features
of it that require comment. First, many later publications (e.g. Her-
gens et al., 2007, 2008a,b; Luo et al., 2007) from the construction
workers study restricted attention to data collected since 1978
based on personal interviews, no data being collected on snus or
smoking in 1976-77, and data collected earlier by questionnaire
being limited for snus and ambiguously coded for smoking. Many
papers reporting associations (including Bolinder et al., 1992,
1994) used the data collected earlier despite its limitations, and
for IHD/AMI an association with snus was reported using the
earlier data (Bolinder et al., 1994), but not using the later data
(Hergens et al., 2007). Second, none of the publications adjusted
for job type. One would imagine that for some jobs using snus is
more convenient than is smoking, and associations may reflect
the risk of the job rather than of snus use. Confounding by the
reason for using snus might also affect reported relationships in
other studies for other endpoints; e.g. back pain (Bolinder et al.,
1992; Mattila et al., 2008).

4.3. Limitations of the evidence on health effects

There are limitations to the health data for snus. There are few
studies on some endpoints, some studies include few cases using
snus, data on extent and duration of use are limited, and confound-
ing control is sometimes inadequate. No study adjusts for smoking
misclassification, possibly relevant for strongly smoking-related
diseases. Given that ever snus use and ever smoking are associated,
analyses of self-reported never smokers are biased if some subjects
deny their smoking.

There are also limitations to meta-analysis, used to summarize
the evidence for circulatory disease and for cancer. These include
doubts about combining RR estimates for exposures and outcomes
defined somewhat differently in different studies, failure to ac-
count for study quality, and possible omission of relevant unpub-
lished evidence.

4.4. Comparison with effects of smoking

Despite these limitations, it seems clear that any risks from snus
are overall much lower than from smoking. Early reports (England
et al., 2003; Persson et al., 1993) suggested possible increased risks
of ulcerative colitis and preeclampsia in users, in contrast to the
decreased risks in smokers (Conde-Agudelo et al., 1999; Mahid
et al., 2006), but these have not been confirmed by later publica-
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tions (Carlens et al., 2010; Wikstréom et al., 2010b), and generally it
seems true for the wide range of conditions discussed that effects
of snus are either non-existent or quite modest. In particular, there
is convincing evidence that the risks of cancer and circulatory dis-
ease are much lower for snus users.

For cancer, Lee and Hamling (2009a) estimated that tobacco-
attributable deaths would reduce by about 99% if all smokers
switched to smokeless tobacco (as used in North America or Europe)
and had the excess risks of smokeless tobacco users. As the
association with cancer seems no greater for snus than smokeless
tobacco (Lee and Hamling, 2009a), it can be concluded that snus-
related cancer deaths (if they exist) are much lower than smok-
ing-related deaths.

For CID, one can compare meta-analysis RR estimates of 1.01
(0.91-1.12) for IHD/AMI and 1.05 (0.95-1.15) for stroke with esti-
mates for smoking of 2.95 (2.77-3.14) for AMI from a 52 country
study (Teo et al., 2006) and a similar estimate for stroke from a re-
view (Hankey, 1999). Again any excess risk from snus seems two
orders of magnitude less.

Respiratory disease, particularly COPD, is another major cause
of smoking-related death. Though evidence is lacking for snus, it
seems unlikely that any major effect exists, partly as one might
have been reported had it existed, and partly as snus does not pro-
duce smoke.

4.5. Does snus encourage initiation of smoking or discourage quitting?

Even if snus has little direct effect on health, there is concern
that allowing sale in countries other than Sweden might encourage
initiation of smoking or discourage quitting. While one cannot
extrapolate with certainty from Sweden, such concerns seem
unjustified. While ever snus users are clearly likelier ever to have
smoked, and never smokers who use snus at one point in time
are more likely to smoke later on, this does not demonstrate that
snus use encourages initiation. These results are also explicable
by confounding by “risk-taking”, with non-risk takers tending
not to try either product, and risk takers quite likely to try both.
The evidence on initiation from cohort studies suffers from lack
of confounding control, while the evidence from retrospective
studies (Furberg et al., 2005; Ramstréom and Foulds, 2006) may
be markedly biased. However the evidence shows that the propor-
tion of ever smokers using snus before starting smoking is low
[3.2% (Furberg et al., 2005), 7.5% (Ramstrom and Foulds, 2006)]
and that among users of both products, the great majority start
by smoking. It therefore seems probable that snus is at worst a
minor determinant of smoking, consistent with smoking preva-
lence being low in Sweden.

Evidence from cohort studies following up current smokers
(Lindstrom and Isacsson, 2002; Lundqvist et al., 2009; Rodu
et al., 2003) and from retrospective studies (Furberg et al., 2005,
2008a; Gilljam and Galanti, 2003; Ramstréom and Foulds, 2006)
consistently suggests that snus encourages rather than discourages
quitting. However, this evidence is actually not so strong. The co-
hort study data are unadjusted for any potential confounding var-
iable, and would fit in with risk takers trying both products, then
generally choosing one. Furthermore, the analyses of retrospective
data are generally not strictly valid, as they do not account for time
at risk, or distinguish between using snus at the time of smoking or
subsequently. Notwithstanding, it is notable that no published evi-
dence actually suggests that snus discourages quitting.

5. Conclusions

Using snus is clearly much safer than smoking. While smoking
substantially increases the risk of cancer and CID, any increase

from snus use is undemonstrated, and if it exists is probably about
1% of that from smoking Even were isolated reports of some ad-
verse health consequences of snus confirmed, switching to snus
should improve the health prospects of those smokers who are un-
able or unwilling to relinquish nicotine. There is no good evidence
that introducing snus in a population would encourage smoking
initiation or discourage cessation.
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Appendix

This example illustrates the potential for large bias in estimates
of the effect of snus use on smoking published by Ramstrom and
Foulds (Ramstrém et al.,, 2006) and by Furberg et al. (Furberg
et al., 2005)

It is based on four assumptions:

1) At baseline there are 3000 men who have never used
tobacco.

2) During the follow-up period 20% start smoking and 10% start
snus.

3) Starting of smoking and starting of snus are independent.

4) The onset time distributions for both products are the same.

It is then possible to calculate the expected numbers in the five
possible smoking groups at the end of follow-up

N, Never used either 3000 x 0.8 x 0.9 = 2160
product

N, used snus only 3000 x 0.8 x 0.1 = 240

N3 Smoked only 3000 x 0.2 x 0.9 = 540

Ny Started on snus, 3000 x0.2x0.1x01 = 20
then smoked / (0.1+0.2)

Ns Started smoking, 3000 x 0.2 x0.1x02 = 40
then snus / (0.1+0.2)

Total 3000

The probabilities for smoking initiation can then be derived

P, among starters on Ny [ (N2+Ny) = 0.077
snus

P, among others (N3+Ns) [ (Ny+N3+Ns) = 0.212

P3 among never snus N3 [ (N;+N3) = 0.200
users




212 P.N. Lee/Regulatory Toxicology and Pharmacology 59 (2011) 197-214

Ramstrom and Foulds (Ramstrém et al., 2006) compared P; and
P, and derived, as a test of independence, the odds ratio
(OR;y) =P¢(1-P;) | (P5(1-P¢)) and assumed that values less than
1.0 indicated that snus use protected against initiation.

Furberg et al. (Furberg et al., 2005) compared P; and P5; and sim-
ilarly derived a test of independence based on the odds ratio
OR; = P{(1-P3) [ (P3(1-P7)) and also assumed that values less than
1.0 indicated protection against initiation.

For the hypothetical data, which was derived assuming inde-
pendence, OR; =0.31 and OR; =0.33. The observation that these
ORs are less than 1 therefore does not indicate a lack of indepen-
dence, or that snus use protects against initiation.
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