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ntroduction: The ability of Swedish snus to serve as a smoking cessation aid has been documented

in several observational, population surveys from Scandinavia, but randomised clinical trials provide
more reliable information on efficacy. Aims: To perform a systematic review and meta-analysis of
randomised clinical trials of Swedish snus as an aid to smoking cessation. Methods: Literature searches
were conducted in MedLine, Cochrane Library, and Embase to identify relevant clinical trials. The
primary outcome was defined as biologically confirmed smoking cessation during around six months.
Meta-analyses based on primary subject data tested for effect of allocated treatment as well as selected
baseline characteristics. Results: There were two relevant clinical trials, one conducted at five sites in
the US (n = 250), the other at two sites in Serbia (n = 319). Based on the primary outcome, success was
higher in the treated group in both Serbia (5.7% vs 1.9%) and the US (4.0% vs 1.6%). Meta-analysis
estimated the relative success rate at 2.83 (95% CI 1.03-7.75), which was of borderline significance
(exact p = 0.06, chi-squared p = 0.03). For smoking cessation in the last 4 weeks of each study, rates
were 12.4% for snus and 6.6% for placebo (RR 1.86, 95% CI 1.09-3.18). Efficacy of snus was not clearly
related to any baseline characteristic. Conclusions: Swedish snus increased quit rates similarly in US
and Serbia. These results confirm and extend previous information based on observational population

surveys.
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Introduction

Sweden demonstrates a unique pattern in terms of
smoking-related disease; male smoking-related morbidity
and mortality are substantially lower than in other Eu-
ropean countries (Rodu & Cole, 2004). Smoking among
Swedish males has decreased to a larger extent than among
women over the past 40-50 years, possibly related to the
prevalent use of snus instead of cigarettes (Foulds et al.,
2003).

Swedish snus is associated with health risks that are
radically lower than those caused by smoking (Royal Col-
lege of Physicians, 2002; Lee, 2011; Lee & Hamling, 2009).
A recent overview of the available epidemiological evi-
dence (Lee, 2011) demonstrated that, after smoking ad-

justment, snus is unassociated with cancer of the orophar-
ynx (meta-analysis relative risk 0.97, 95% CI 0.68-1.37),
oesophagus (1.10, 0.92-1.33), stomach (0.98, 0.82-1.17),
pancreas (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), with no clear associations evident in
non smokers. However, an increased risk of some ad-
verse pregnancy outcomes has been reported in snus users
(Wikstrom et al., 2010a; Wikstrom et al., 2010b) possibly
due to their nicotine exposure, which is comparable to
that observed among smokers (Lee, 2011).

Although snus has never been marketed for smoking
cessation, snus is the most frequently reported cessation
aid in Scandinavian population-based surveys (Lund et al.,
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2010; Ramstréom & Foulds, 2006). Use of snus at the latest
quit attempt was reported to be associated with higher
rates of sustained quitting than other methods, such as
nicotine replacement therapy. However, the role of snus
for smoking cessation remains controversial. Critics have
cited the lack of controlled clinical trials, as well as un-
certainties regarding trying to export experiences from
one country to another (Scientific Committee on Emerg-
ing and Newly Identified Health Risks (SCENIHR), 2008
(Accessed Oct 2010)).

Two randomised trials on the role of Swedish snus
to improve quit rates among smokers were recently pub-
lished. One (Joksi¢ et al., 2011) was conducted at two sites
in Belgrade, Serbia, and the other (Fagerstrom et al., 2011)
at five sites in the USA. Both were placebo-controlled,
double-blind trials testing whether ad lib provision of snus
affected subsequent smoking habits among adult smokers.
However, the trials were relatively small (319 randomised
subjects in Serbia, and 250 in the USA) and success rates
in absolute terms were relatively low. The fact that none of
the trial sites had previous experience with smoking ces-
sation interventions may help to explain the reported low
success rates and accompanying low statistical precision
of the effect estimates.

Although there are differences between the trials, there
are enough similarities to make it worthwhile to com-
bine the evidence from the two studies to allow a more
powerful test of whether use of snus affects the rate of
quitting smoking. It is reasonable to assume that a formal
meta-analysis of appropriately defined endpoints would
improve statistical precision and allow better insight into
the main hypothesis of interest.

However, in order to ensure that such a meta-analysis
can be considered a systematic review, it is necessary to
ensure that no other relevant studies have been pub-
lished. Although the lack of such data was noted by
an EU-commissioned report in 2008 (Scientific Com-
mittee on Emerging and Newly Identified Health Risks
(SCENIHR), 2008 (Accessed Oct 2010)), and reiterated
by several Nordic public health officials in 2009 (Holm
et al., 2009), we conducted literature searches to confirm
this. This report may be regarded, therefore, as a systematic
review of all the available data. It was conducted according
to the PRISMA guidelines (Liberati et al., 2009).

Methods
Inclusion/exclusion criteria and literature searching

Relevant studies were defined as randomised clinical trials
including smokers of the effect of provision of Swedish
snus on smoking cessation outcomes. We were already
aware of the two recently published trials in Serbia (Joksi¢
et al.,, 2011) and the US (Fagerstrom et al., 2011). To de-
termine whether there were other relevant trials, literature
searches were conducted by one of the authors (PNL), lim-
ited to clinical trials, on PubMed, the Cochrane Library,
and Embase using the search criteria: (‘quitting smoking’

OR ‘smoking cessation’ OR ‘smoking reduction’) AND
(‘smokeless tobacco’ OR ‘snus’ OR ‘snuff’). We reviewed
abstracts and, in some cases, full reports to determine
whether identified publications met the mentioned inclu-
sion/exclusion criteria.

Design of meta-analysis

The design was developed assuming that the only rele-
vant studies would be those we were aware of, in Serbia
(Joksi¢ et al., 2011) and in the US (Fagerstrom et al.,
2011). These studies had a design similar in terms of def-
initions, statistical methods, and biochemical verification
of smoking cessation outcomes. In these regards, the trials
adhered to recommendations by the Society for Research
on Nicotine and Tobacco (SRNT) for smoking cessation
trials (Hughes et al., 2004). The meta-analysis was also
conducted according to these recommendations, having a
pre-specified protocol including definitions of end-points
and statistical methodology.

Data available

By courtesy of the study sponsor, and the contract re-
search organisations responsible for data monitoring and
data handling in the trials, the authors responsible for
the current data analysis (PNL, JSF) were provided with
individual subject data for each study based on the infor-
mation included in the case record forms used in each trial.
The meta-analysis thus used information on the following
parameters for each randomised subject:

« site where the subject attended;

« gender;

* age;

 smoking history;

« history of quit attempts and use of cessation aids;

« baseline Fagerstrom score;

« date at which the subject was randomised;

o whether the subject was randomised to snus or placebo;

« results of the CO exhaled air test (weeks 0, 6, 10, 16 and
28 for the US study; weeks 0, 2, 6, 12, 18, 24, 30, 36, 42
and 48 for the Serbian study);

o self-reported smoking status for each week of the study;

o whether the subject used the study product (snus or
placebo) for each week of the study;

» whether the subject completed the study or was with-
drawn;

« date of completion or withdrawal.

History of past oral tobacco use was not recorded in either
study.

Endpoints, objectives and populations

In deriving endpoints, we focused on the period following
when the advice given to subjects concentrated on quit-
ting, i.e. from week 5 in the US study and from week 24 in
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Figure 1

Study time-lines and meta-analysis endpoints for the US and Serbian studies. The period during which the advice to participants focused on smoking-cessation
is shown in grey, while the preceding period is shown in white. Triangles indicate timing of CO tests in exhaled air. Periods corresponding to the primary and

secondary meta-analysis outcomes are indicated.

the Serbian study (see Figure 1 for details of the time-lines
for each study).

The primary objective of the meta-analysis was to
examine if snus, compared to placebo, can increase the
quit rate among cigarette smokers motivated to change
their smoking habits, as quantified by prolonged, com-
plete smoking cessation following advice to quit smoking.
Thus, the primary outcome was defined for the US study
as complete abstention during 23 weeks (weeks 6 to 28
after randomisation) verified by expired air CO less than
8 ppm at all clinical visits, and for the Serbian study as
complete abstention during 24 weeks (weeks 25 to 48 after
randomisation), verified by expired air CO less than 10
ppm at all clinical visits.

Secondary objectives of the meta-analysis involved
comparison of CO confirmed quit rates at specific weeks
and within specific periods. Thus, five secondary out-
comes were defined based on confirmed quitting at the
following times in the two studies:

1. week 6 USA and week 24 Serbia,
2. week 16 USA and week 36 Serbia,

3. week 28 USA and week 48 Serbia,
4. weeks 25-28 USA and weeks 45—48 Serbia, and
5. weeks 17-28 USA and weeks 37—48 Serbia.

The times selected for each of these secondary out-
comes are as similar as possible for the two stud-
ies in relation to the period following when the ad-
vice to subjects concentrated on quitting was given,
bearing in mind the availability of CO results (see
Figure 1).

To avoid bias, analyses of the outcomes counted sub-
jects with missing data, irrespective of the cause, as treat-
ment failures (Hughes et al., 2004). Analyses were pri-
marily conducted using the intention-to-treat population,
defined as all eligible subjects who had a baseline evalu-
ation and were randomised to receive one of the study
products, irrespective of compliance and protocol viola-
tions. Some additional analyses were conducted restricted
to compliant subjects, based upon the definition used for
the Serbian study. For that study, this required the subject
to use the study product on each day during weeks 1 to
24. For the US study, the definition used required that the
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subject used the study product on average at least once a
day in each of weeks 1 to 5.

Statistical methods

Seven baseline characteristics were defined that might pos-
sibly be related to the outcomes; gender, age at entry, av-
erage number of cigarettes smoked per day in the year be-
fore baseline, age at starting to smoke, baseline Fagerstrom
nicotine dependence score, whether or not previously at-
tempted to quit smoking, and whether or not previously
used pharmaceutical nicotine.

A preliminary analysis presented the distributions of
these seven baseline characteristics within study and over-
all, and compared the two studies using exact tests for
variables with two levels (gender, previous quit attempt,
previous use of pharmaceutical nicotine) and Wilcoxon
rank tests (Conover, 2003) for the remaining, continuous,
variables.

The distribution of the seven baseline characteristics
was compared between the active and placebo groups, as a
test of failure of randomisation. Comparisons were made
within study, and overall (adjusted for study). For the
adjusted (‘stratified’) analysis, stratified chi-squared tests
(Breslow & Day, 1980) and stratified rank tests (Fry & Lee,
1991) were used.

For each of the six defined outcomes, success rates were
compared by level of each of the seven baseline character-
istics, within study and overall (adjusted for study). For
the continuous variables, levels were defined to include
approximately equal number of subjects, and the analysis
included a test for trend (Breslow & Day, 1980; Fry & Lee,
1991).

For each of the defined outcomes, success rates were
then compared by treatment, within study and overall
(adjusted for study). Statistical tests of treatment effects
were conducted using exact tests, with the relative risk for
active to placebo, and its 95% confidence interval (CI),
estimated by methods appropriate for fixed-effect models
based on the logit method (Breslow & Day, 1980; Fleiss &
Gross, 1991; Katz et al., 1978). Alternative analyses (not
shown) using the Mantel-Haenszel method (Greenland &
Robins, 1985) gave very similar results. Tests for hetero-
geneity of the relative risk over study (Fleiss & Gross, 1991)
were conducted, but were never significant (p<0.05), so
random-effects meta-analysis was not attempted.

Corresponding analyses were also carried out stratified
for study site rather than study, and also, for each baseline
characteristic, stratified both by study and by two levels
of the characteristic, the levels being chosen to divide the
population into two approximately equal groups.

In all analyses, p-values <0.05 (two-sided) were con-
sidered statistically significant. It should be noted that, as
the p-values are based on exact tests, and the estimates of
relative risk and CI are based on approximate, asymptotic,
tests, it is possible for the CI not to include 1.0 when the
exact p-value is >0.05.

Results
Literature searches

Based on the PubMed search, conducted in February 2012,
66 publications were identified. However, none of these
concerned studies that satisfied the inclusion/exclusion
criteria. The same was true for the Embase and Cochran
library searches. This confirmed our original assumption
that the studies in Serbia (Joksi¢ et al., 2011) and in the
USA (Fagerstrom et al., 2011) were the only ones that were
relevant to our objectives.

The US and Serbian trials

The main design features of the US and Serbian trials are
summarised in Table 1 and described in more detail in the
text that follows.

Both randomised, placebo-controlled, double blind
clinical trials were conducted to test whether ad lib pro-
vision of 0.5 or 1.0 g sachets of Swedish snus manu-
factured according to the GothiaTek standard (Rutqvist
et al.,, 2011), as compared to placebo sachets with no to-
bacco or nicotine, affects subsequent smoking habits. One
(SM 08-01) was conducted in five sites in the US (Day-
tona Beach, Austin, Fort Worth, Portland and Evansville).
The other (SM 07-01) was conducted in two centres in
Belgrade, Serbia. Both studies involved subjects in a sim-
ilar age range (USA: 25-65 years; Serbia: 20—65 years)
and were restricted to subjects who had smoked daily for
>1 year, with a similar minimum average consumption
level in the preceding month (USA: 9 cigs/day; Serbia:
10 cigs/day), and to subjects who were in good health and
who were motivated to change their smoking habits (USA:
motivated to quit smoking by a smokeless tobacco (ST)
product; Serbia: motivated to substantially reduce or quit
smoking). Both studies also effectively excluded current
users of ST, in the US by a specific exclusion criterion,
and in Serbia by ST not being available on the market.
Both studies excluded subjects who had used any type of
pharmaceutical or other product for smoking cessation in
the preceding three months, who had oral conditions that
could be worsened by treatment, who abused alcohol or
drugs, who had a history of cardiovascular disease, and
who were pregnant or lactating. Both studies collected
self-reported tobacco status data in a diary completed
by the subject, and recorded exhaled carbon monoxide
(CO) levels at intervals, as well as conducting a Fager-
strom test for nicotine dependence (Heatherton et al.,
1991).

The US study involved four periods, a screening period
of two weeks to evaluate eligibility, a study product test
period (weeks 1 to 4 post-randomisation) during which
the subjects were instructed to use the study products
when they felt an urge to smoke, initially without any
requirement for complete abstention from cigarettes, an
intervention phase (weeks 5 to 16) during which subjects
were encouraged to stop smoking completely and to use
their allocated study product instead of smoking if they felt
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Table 1

Selected design features of the US trial (Fagerstrom et al., 2011) and the Serbian trial (Joksic et al., 2011)

US trial

Serbian trial

Study design

Intervention
during weeks 1-162

Main inclusion criteria

Recruitment of participants

Double-blind, placebo-controlled, multicenter,
randomised intervention trial

Ad lib provision of snus (or placebo snus)

Age 25-65 years, daily smoking >1 year

Media ads, posters, personal invitation of

Double-blind, placebo-controlled, multicenter,
randomised intervention trial

Ad lib provision of snus (or placebo snus)
during week 1-48

Age 20-65 years, daily smoking >1 year

Media ads, posters

clinical trial volunteers included in a

data-base
Number of centers 5
Number of subjects 250
Randomisation
Maximum follow-up 28 weeks
Biochemical verification of non-smoking status

Primary end-point
6-28

1:1—125 snus, 125 placebo

CO in exhaled air <8 ppm

Continued smoking cessation during week

2

319

1:1 - 158 snus, 161 placebo
48 weeks

CO in exhaled air <10 ppm

Smoking reduction (<50% compared to
baseline) during week 20-24°

2 Non-protocol use of smokeless tobacco products or pharmaceutical nicotine was allowed after week 16 in case of imminent danger of smoking relapse.

b Cessation outcomes similar to those in the US trial were included as secondary end-points.

an urge to smoke, and a follow-up phase (weeks 17 to 28).
Subjects were encouraged to set a target quit date no later
than the first day of week 6. Note that the study products
were supplied only up to week 16, with subjects instructed
to cut down on product use during weeks 14 to 16 to avoid
too abrupt an ending of nicotine intake. The objectives of
the US study included comparison of smoking quit rates
measured by complete abstention during weeks 6 to 28,
verified by a level of carbon monoxide in exhaled air (CO)
<8 ppm (the primary objective), comparison of verified
quit rates measured by complete abstention during weeks
6 to 16, and comparison of verified quit rates specifically
at weeks 16 and 28.

The Serbian study involved a baseline visit, a smok-
ing reduction stage (weeks 1 to 24 post-randomisation)
and a smoking cessation stage (weeks 25 to 48). During
the first 24 weeks subjects were instructed to cut down
on smoking by taking a sachet of snus when they felt an
urge to smoke, though if they still wished to smoke after
20-30 minutes they could do so. Subjects were also in-
formed that although smoking cessation was preferable,
the primary objective of the first 24 weeks of the study
was smoking reduction. Subjects who failed to achieve
smoking reduction at 24 weeks (as judged by a biolog-
ically verified 50% reduction in the self-reported num-
ber of cigarettes smoked daily in weeks 20 to 24) were
not actively followed after week 24 and were counted as
failures in all efficacy analyses. Continuing subjects were
instructed to quit smoking completely by use of the sa-
chets, but the concept of a target quit date was not used.
While the primary objective of the Serbian study related
to smoking reduction, other objectives related to smok-

ing cessation, both at weeks 12 and 24, and at weeks
36 and 48.

It should be noted that while snus and placebo were
only available to week 16 in the US study, snus and placebo
were available to the subjects during the whole period
post-randomisation (weeks 1 to 48) in the Serbian study.
This difference arose because, while nicotine replacement
therapy and various smokeless tobacco products are both
readily available to all participants at a cost comparable to
cigarettes in the USA, smokeless tobacco is not available in
Serbia, and the cost of nicotine replacement therapy there
is prohibitively high for most Serbian smokers.

The numbers of subjects randomised were 250 (125
allocated to snus, 125 to placebo) in the US trial and 319
(158 to snus, 161 to placebo) in the Serbian trial.

Baseline characteristics

Table 2 shows the overall distribution of selected baseline
characteristics in the two trials.

Use of oral tobacco during the past 3 months was an
exclusion criteria in the US study but data on ever-use of
such products was not collected. The studies had a similar
frequency of males, and the subjects were of similar age.
However significant (p <0.001) differences were noted
for five characteristics; compared to US subjects, those
in Serbia had a higher mean average daily cigarette con-
sumption at baseline (26.7 vs 20.4), a later age of starting to
smoke (19.0 vs 18.4), a higher Fagerstrém nicotine depen-
dence score (mean 6.17 vs 5.55), had less often previously
attempted to quit (36.4%vs 87.6%), and had less often
used pharmaceutical nicotine (0.9% vs 50.4%). There was
no evidence for either study, or overall, of any failure of
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Table 2

Distribution of selected baseline characteristics by study?

Variable Level USA Serbia Combined

Gender Male 98 (39.2%) 123 (38.6%) 221 (38.8%)
Female 152 (60.8%) 196 (61.4%) 348 (61.2%)

Age (years) 20-36 65 (26.0%) 82 (25.7%) 147 (25.8%)
37-45 54 (21.6%) (26 3%) 138 (24.3%)
46-52 62 (24.8%) 4 (26.3%) 146 (25.7%)
53-64 69 (27.6%) 69 (21.6%) 138 (24.3%)
Mean 45.0 43.6 443

Average no. of cigarettes smoked per day in the year before baseline 10-19 84 (33.6%) 32 (10.0%) 116 (20.4%)
20 108 (43.2%) 114 (35.7%) 222 (39.0%)
21-30 45 (18.0%) 112 (35.1%) 157 (27.6%)
31-60 3(5.2%) 61(19.1%) 74 (13.0%)
Mean 204 26.7 23.9

Age of starting to smoke (years) 8-15 77 (30.8%) 54 (16.9%) 131 (23.0%)
16-17 58 (23.2%) 67 (21.0%) 125 (22.0%)
18-19 44 (17.6%) 9 (27.9%) 133 (23.4%)
20-21 33 (13.2%) 59 (18.5%) 92 (16.2%)
22-53 38 (15.2%) 50 (15.7%) 88 (15.5%)
Mean 18.4 19.0 18.7

Fagerstrom nicotine dependence score at baseline 0-4 72 (28.8%) 68 (21.3%) 140 (24.6%)
5 49 (19.6%) 41 (12.9%) 90 (15.8%)
6 48 (19.2%) 60 (18.8%) 108 (19.0%)
7 35 (14.0%) 8(18.2%) 93 (16.3%)
8-10 46 (18.4%) 92 (28.8%) 138 (24.3%)
Mean 5.55 6.17 5.90

Previous quit attempt Yes 219 (87.6%) 116 (36.4%) 335 (58.9%)
No 31 (12.4%) 203 (63.6%) 234 (M1.1%)

Previous exposure to pharmaceutical nicotine Yes 126 (50.4%) 3(0.9%) 129 (22.7%)
No 124 (49.6%) 316 (99.1%) 440 (77.3%)

Number of subjects 250 319 569

a: The table shows the number of subjects, and the percentage of the study population. Differences between studies were highly significant (p<0.001) for cigarette consumption,
Fagerstrém nicotine dependence score, previous quit attempt and previous exposure to pharmaceutical nicotine, but not significant (p0.05) for other baseline characteristics.

randomisation, the distribution of baseline characteristics
being similar in the active and placebo groups (p-values
always >0.1, data not shown).

There was no statistically significant evidence, in ei-
ther study, or overall, that any smoking cessation outcome
varied by gender, having had a previous quit attempt or
having previously used pharmaceutical nicotine. Nor was
there any statistically significant increasing or decreasing
trend for any outcome in relation to age, age of starting to
smoke, or Fagerstrom score. However, as shown in Table 3,
there was a clear tendency for all the outcomes to show
a reducing trend in relation to increasing daily cigarette
consumption.

The trend was statistically significant for all the out-
comes for the overall data and for Serbia, but only signifi-

cant for some of the secondary outcomes for the USA. This
may partly reflect the smaller number of heavier smokers
in the US study. Relative success rates in smokers of 10—19
cigarettes per day compared to smokers of 31-60 cigarettes
per day ranged from 3 to 5 (5.0 for the primary outcome,
and 4.8, 3.8, 3.0, 4.0 and 3.2 for secondary outcomes 1 to
5 respectively).

Effects of allocated treatment

In the two studies combined, 19 subjects were successes as
defined by the primary outcome: seven in the USA and 12
in Serbia (Table 4).

The success rate was higher in the active group in both
studies, with similar relative risk estimates of 2.50 (USA)
and 3.06 (Serbia). The meta-analysis estimate (2.83, 95%
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Table 3
Relationship of outcome to average daily cigarette consumption in the year before baseline?
USA Serbia Total

Outcome Cigs/day n (%) n (%) n (%)

PRIMARY OUTCOME

Cessation weeks 6-28 (USA) weeks 25-48 (Serbia) 10-19 4 (4.8%) 5 (15.6%) 9 (7.8%)
20 3 (2.8%) 4 (3.5%) 7 (3.2%)
21-30 0 (0.0%) 2 (1.8%) 2 (1.3%)
31-60 0(0.0%) 1(1.6%) 1(1.4%)
Trend p 0.1428 0.0075 0.0013

SECONDARY OUTCOMES

1. Smoke-free week 6 (USA) week 24 (Serbia) 10-19 17 (20.2%) 5 (15.6%) 22 (19.0%)
20 14 (13.0%) 3(2.6%) 17 (7.7%)
21-30 2 (4.4%) 3(2.7%) 5(3.2%)
31-60 1(7.7%) 1(1.6%) 2(2.7%)
Trend p 0.0160 0.0197 0.0006

2. Smoke-free week 16 (USA) week 36 (Serbia) 10-19 18 (21.4%) 7 (21.9%) 25 (21.6%)
20 12 (11.1%) 6 (5.3%) 18 (8.1%)
21-30 1(2.2%) 5 (4.5%) 6 (3.8%)
31-60 1(7.7%) 3 (4.9%) 4 (5.4%)
Trend p 0.0026 0.0274 0.0002

3. Smoke-free week 28 (USA) week 48 (Serbia) 10-19 13 (15.5%) 12 (37.5%) 25 (21.6%)
20 8 (7.4%) 13 (11.4%) 21 (9.5%)
21-30 2 (4.4%) 11 (9.8%) 13 (8.3%)
31-60 2 (15.4%) 4 (6.6%) 6 (8.1%)
Trend p 0.1932 0.0008 0.0003

4, Cessation weeks 25-28 (USA) weeks 45-48 (Serbia) 10-19 10 (11.9%) 9 (28.1%) 19 (16.4%)
20 7 (6.5%) 12 (10.5%) 19 (8.6%)
21-30 2 (4.4%) 10 (8.9%) 12 (7.6%)
31-60 1(7.7%) 3 (4.9%) 4 (5.4%)
Trend p 0.2176 0.0046 0.0018

5. Cessation weeks 17-28 (USA) weeks 37-48 (Serbia) 10-19 10 (11.9%) 7(21.9%) 17 (14.7%)
20 6 (5.6%) 7 (6.1%) 13 (5.9%)
21-30 1(2.2%) 4 (3.6%) 5(3.2%)
31-60 1(7.7%) 3 (4.9%) 4 (5.4%)
Trend p 0.1005 0.0138 0.0022

a: The table shows the number (percentage) of subjects satisfying the criterion for a successful outcome.

CI 1.03-7.75) was of borderline significance (exact p =
0.06, chi-squared p = 0.03).

All the secondary outcomes showed an advantage to
the active group in both studies (Table 4). For the results
meta-analysed over study, all estimates were statistically
significant and indicated about a two-fold increase in the
success rate for subjects allocated to snus.

There was no evidence (p = 0.85) of heterogeneity of
the relative success rate estimates by study. As a result,
random-effects estimates of the overall relative success
rate over the two studies were identical to those shown in
Table 4.

The relative success rates in the individual trials and
the meta-analysis are displayed graphically as forest plots
in Figure 2.

Table 5 presents analyses similar to those in Table 4,
but restricted to compliant subjects.

These analyses were based on 200 subjects in the USA
(99 active, 101 placebo) and 255 in Serbia (122 active, 133
placebo), with no statistically significant evidence in ei-
ther study that non-compliance rates varied by treatment.
The combined relative success rate estimates were simi-
lar to those for the intention-to-treat population, with a
statistically significant advantage to the active treatment

JOURNAL OF SMOKING CESSATION

39



L. E. Rutqvist, J. S. Fry and P. N. Lee

Table 4
Meta-analysis of effects of treatment

Outcome

USA

Serbia

Total (adjusted for study)

PRIMARY OUTCOME

5/2
2.50 (0.49-12.65)

23/

2.09 (1.07-4.10)
22110

2.20 (1.09-4.45)
16/9

1.78 (0.82-3.87)
1317

1.86 (0.77-4.50)
12/6
2.00(0.77-5.16)
1251125

93
3.06 (0.84-11.08)

93

3.06 (0.84-11.08)
15/6

2.55 (1.01-6.40)
25115

1.70 (0.93-3.10)
22112

1.87 (0.96-3.64)
15/6

2.55 (1.01-6.40)
158/161

14/5
2.83(1.03-7.75)

32114

2.27 (1.25-4.12)
3716

2.32 (1.33-4.07)
41124

1.73 (1.07-2.78)
35/19

1.86 (1.09-3.18)
2712

2.27 (1.17-4.39)
283/286

Cessation weeks 6-28 (USA) weeks 25-48 (Serbia) n?
RR
SECONDARY OUTCOMES
1. Smoke-free week 6 (USA) week 24 (Serbia) n?
RR
2. Smoke-free week 16 (USA) week 36 (Serbia) n?
RR
3. Smoke-free week 28 (USA) week 48 (Serbia) n?
RR
4. Cessation weeks 25-28 (USA) weeks 45-48 (Serbia) n?
RR
5. Cessation weeks 17-28 (USA) weeks 37-48 (Serbia) n?
RR
Number of subjects nb

a: First number is the number of successes in the active group, and the second the number in the placebo group.
b: First number is the number of subjects in the active group, and the second is the number in the placebo group.

again seen for all secondary outcomes. For the primary
outcome, the estimate, now based on 16 successful out-
comes rather than 17, was 3.09 (95% CI: 1.00-9.55, exact
p = 0.054, chi-squared p = 0.03).

Carrying out meta-analyses over study site rather than
over study slightly reduced the relative risk estimate for the
primary endpoint, to 2.36 (95% CI 0.92—-6.05), but the sta-
tistical significance remained borderline (exact p = 0.06,
chi-squared p =0.03). Conclusions for the secondary end-
points were also little affected (data not shown). Although
the relative success rate (adjusted for study) for the pri-
mary endpoint was higher for smokers of 20+ cigarettes a
day at baseline (6.52, 95% CI 1.18-36.15), where 9 of the
10 successes were in the active group, than for smokers
of 10-19 cigarettes a day (1.15, 95% CI 0.33—4.01) where
five of the nine successes were in the active group, the
relative success rates were not statistically heterogeneous
(p = 0.10), and the overall estimate, adjusted for amount
smoked, of 2.10 (95% CI 0.77-5.76) remained of border-
line significance (exact p = 0.06, chi-squared p = 0.04).
The increased success rate in the active group remained
significant (p < 0.05) for all the secondary outcomes after
adjustment for amount smoked.

There was no statistically significant evidence that the
relative success rate with snus differed according to gen-
der, age at entry, age at starting to smoke, baseline Fager-
strom score, previous quit attempt, or previous exposure
to pharmaceutical nicotine (data not shown). However,
the limited numbers of successes in subgroups by these
characteristics limited the power to detect heterogeneity.

In the Serbian trial, 97% of participants in both the
snus and placebo groups reported some daily use of

their allocated study product during the first week post-
randomisation. This proportion declined over time and
was 52% after 48 weeks in the snus group compared
to 60% in the placebo group. Among the daily users of
snus the weekly average ranged from 3.5 to 4.7 g per day,
but tended to increase over time. Those allocated to the
placebo group had a marginally higher consumption. In
the US trial participants in the snus group who used 1.0 g
sachets consumed on average 3—4 sachets per day. The
corresponding number for those who preferred the 0.5 g
sachets was 4—8 sachets per day. Those allocated to placebo
generally consumed a slightly higher number of sachets.
Given that the participants were informed that, in terms of
nicotine delivery, one 1.0 g sachet of snus roughly should
be able to replace one cigarette, it is clear that the average
participant in both studies used considerably less study
product than might have been motivated by their baseline
daily cigarette consumption.

Discussion

The literature searches conducted on MedLine, Cochrane
Library, and Embase failed to identify any randomised
clinical trial of the effect of snus on smoking cessation
in addition to the US and Serbian studies. This observa-
tion concurs with previous statements (Holm et al., 2009;
Scientific Committee on Emerging and Newly Identified
Health Risks (SCENIHR), 2008 (Accessed Oct 2010)) as
well as with a literature search published in September
2012 conducted by a Norwegian public health agency
which had been commissioned by the Norwegian National
Board of Health to identify clinical trials addressing the
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Relative Risk
95% CI

Primary Outcome
USA

2.50 (0.49, 12.65)

Serbia

Secondary Outcome 1
USA

—

AV 4

3.06 (0.84, 11.08)

2.83 (1.03, 7.75)

Serbia

[ | 2.09 (1.07, 4.10)

Secondary Outcome 2
USA

—l——

3.06 (0.84, 11.08)

2.27 (1.25, 4.12)

Serbia

[ | 2.20 (1.09, 4.45)

Secondary Outcome 3
USA

’

L] 2.55 (1.01, 6.40)

2.32 (1.33, 4.07)

Secondary Outcome 4
USA

l
Serbia + B
-l

1.78 (0.82, 3.87)
1.70 (0.93, 3.10)

1.73 (1.07, 2.78)

Serbia

| 1.86 (0.77, 4.50)

B 1.87 (0.96, 3.64)

‘

1.86 (1.09, 3.18)

Secondary Outcome 5
USA [ | 2.00 (0.77, 5.16)
Serbia [ | 2.55 (1.01, 6.40)
—l 2.27 (1.17, 4.39)
0.13 0.25 0.50 1.00 2.00 4.00 8.00
Favours control Favours treatment
Figure 2

Forest plots of effect estimates. Effect estimates are shown for the primary outcome and for each of the five secondary outcomes. The estimates are shown
numerically and graphically on a logarithmic scale. In the graphical representation, individual study estimates are indicated by a solid square, with the area
proportional to the weight (inverse-variance of log relative risk), arrows indicating where the 95% confidence interval extends outside the range allocated.
Combined estimates are shown by a diamond of width equal to the 95% confidence interval.

role of snus as a smoking cessation aid (Seterdal et al.,
2012). Their search concerned the following databases:
Medline, Cochrane Library, Embase, PsycINFO, Centre
for Reviews and Dissemination DARE, Web of Science,
SveMed+, and PubMed. They also failed to identify ran-
domised trials in addition to those included in the current
systematic review. Due to the scarcity of experimental
data on snus as a smoking cessation aid together with

the cited need for such information (Holm et al., 2009;
Scientific Committee on Emerging and Newly Identified
Health Risks (SCENIHR), 2008 (Accessed Oct 2010)),
the risk of publication bias is probably low for con-
trolled clinical studies addressing this issue. Also, our
search criteria were relatively wide so it seems highly likely
that we did not miss any relevant randomised clinical
trial.
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Table 5
Meta-analysis of effects of treatment among compliant subjects

Outcome

USA

Serbia

Total (adjusted for study)

PRIMARY OUTCOME

Cessation week 6-28 (USA) nd
weeks 25-48 (Serbia) RR
SECONDARY OUTCOMES
1. Smoke-free week 6 (USA) week 24 (Serbia) n?
RR
2. Smoke-free week 16 (USA) week 36 (Serbia) n?
RR
3. Smoke-free week 28 (USA) week 48 (Serbia) n?
RR
4. Cessation weeks 25-28 (USA) weeks 45-48 (Serbia) n?
RR
5. Cessation weeks 17-28 (USA) weeks 37-48 (Serbia) n?
RR
Number of subjects nb

5/1
5.10 (0.61-42.88)

22110
2.24(1.12-4.49)
20/9

2.27 (1.09-4.73)
16/8

2.04 (0.91-4.55)
13/6
2.21(0.87-5.58)
12/5

2.45 (0.90-6.69)
99/101

13
2.54 (0.67-9.62)

6/3
2.18(0.56-8.53)
13/6

2.36 (0.93-6.02)
2314

1.79 (0.97-3.32)
20112

1.82 (0.93-3.56)
13/6

2.36 (0.93-6.02)
122133

12/4
3.09 (1.00-9.55)

2813
2.23(1.20-4.14)
3315
2.30(1.29-4.11)
39/22

1.88 (1.15-3.07)
33/18

1.94 (1.13-3.35)
25/

2.40 (1.21-4.76)
221/234

a: First number is the number of successes in the active group, and the second the number in the placebo group.
b: First number is the number of subjects in the active group, and the second is the number in the placebo group.

The main strengths of both the US and Serbian trials
are that they were placebo controlled and double-blind (al-
though neither protocol included procedures to assess the
success of the blinding). However, the trials included lim-
ited number of subjects and none of the involved trial sites
had previous experience with smoking cessation interven-
tions. The studies are to some extent different, partly be-
cause of the ready availability of smokeless tobacco prod-
ucts and pharmaceutical smoking cessation aids in the US,
but not in Serbia, and the vastly different social contexts
in terms of smoking habits and attitudes to smoking in
the US compared to Eastern Europe. However, the designs
of the studies are similar enough to allow valid meta-
analysis of smoking cessation outcomes. In this regard,
both studies adhered to the recommendations for smok-
ing cessation trials published by the Society for Research
on Nicotine and Tobacco (Hughes et al., 2004). Given that
meta-analyses are frequently conducted for observational
epidemiological studies, where there may be variation in
study design (e.g. case-control or prospective cohort), type
of exposure, and extent of adjustment for potential con-
founding variables, there can be no real objection to meta-
analysis of relatively similar randomised controlled trials
with the same active and placebo treatments.

A major strength of this meta-analysis is that it was
based on individual subject data which allowed compa-
rable definitions of outcomes and potential confounding
variables, identical statistical analyses to be conducted for
the two studies, and the calculation of exact rather than
approximate probabilities for the statistical tests.

In the main analysis, based on the primary outcome
among all randomised subjects of biochemically validated

smoking cessation over a period of 23—24 weeks, there was
an increased success rate in the group allocated to receive
snus. However, this was based on a relatively small number
of subjects, and the relative success rate of 2.83 was of bor-
derline statistical significance (exact p = 0.06, chi-squared
p = 0.03). However, this outcome represents a quite strin-
gent criterion. Success rates were substantially higher, and
the advantage to snus generally statistically significant, for
criteria based on success at specific weeks, or based on
shorter periods. This strongly suggests that there is a real
advantage to snus in encouraging quitting. However, given
the relatively low usage of allocated study products in both
trials, further research is needed about the acceptability of
snus in populations that have not traditionally had access
to snus.

In the studies combined, there was a statistically sig-
nificant tendency for outcome success rates to be higher in
lighter smokers which confirms and extends previous in-
formation from other cessation studies. However, none of
the outcomes were significantly related to gender, age, age
of starting to smoke, nicotine dependence score, previous
quit attempts, and exposure to pharmaceutical nicotine.

In Scandinavian population surveys snus is the most
frequently reported smoking cessation aid and appears
to be associated with higher rates of sustained quitting
than other methods, such as, nicotine replacement therapy
(Lund et al., 2010; Ramstréom & Foulds, 2006). However,
observations on reported quitting strategies and cessation
outcomes in population surveys are probably to some ex-
tent biased by self-selection. Smokers with low nicotine
dependence may more often choose to quit unassisted
and succeed in remaining smoke free than smokers with
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high nicotine dependence. Among smokers who elect to
use some form of cessation aid, self-selection between dif-
ferent aids is probably also a concern. Some individuals
may experience oral problems with snus, and some sim-
ply do not favor snus for aesthetic or other reasons. Such
individuals are unlikely to try snus for smoking cessation
purposes. Self-selection mechanisms may also be related
to the long-term outcome of quit attempts. Non-smoking
status in population surveys is typically based on self-
reports without biochemical validation. In view of these
circumstances, one should be cautious in extrapolating
conclusions based on observational survey data about the
efficacy of different cessation strategies.

Despite the fact that many smokers in Sweden have
switched from cigarettes to snus it has been suggested
(Scientific Committee on Emerging and Newly Identified
Health Risks (SCENIHR), 2008 (Accessed Oct 2010)) that
this may simply represent a cultural phenomenon that is
particular to Scandinavian males, and that snus may not
perform similarly in other countries, among females, or in
settings where pharmaceutical nicotine is readily available
to smokers who want to quit. The results of the US and
Serbian trials do not support these concerns: more than
60% of the participants in both studies were female and
there was no evidence that snus had a differential effect
according to gender; there is no traditional use of oral
tobacco of any kind in Serbia; and there was no evidence
(mainly based on the US results) that previous exposure
to pharmaceutical nicotine modified the effect of snus.

This systematic review and meta-analysis of the avail-
able experimental data on snus as a smoking cessation
aid confirms and extends previous information based on
observational, epidemiological data in showing that provi-
sion of snus was associated with increased cessation rates
among smokers motivated to quit. The effect estimates
in the meta-analyses suggested a two to three-fold in-
crease in cessation rates among subjects allocated to snus.
However, because of the limited number of subjects, these
estimates are associated with wide confidence intervals.
This is an important issue because arguments in favor
of tobacco harm reduction with smokeless tobacco prod-
ucts, including snus, probably hinge on the efficacy of
such products to contribute to complete cessation. Com-
plete, long-term cessation has well-documented, positive
health effects, whereas the effects of smoking reduction,
which may also occur as a result of dual use of cigarettes
and smokeless products, are much more modest (Pisinger
& Godtfredsen, 2007), and to some extent controversial
(Hughes & Carpenter, 2006). Therefore, there is an obvi-
ous need for more controlled trials addressing the efficacy
of snus in terms of complete, biologically verified, long-
term smoking cessation.
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