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Interest in tobacco harm reduction strategies has raised the question of the comparative health
risks of cigarette smoking and use of other tobacco products. Although there appears to be a
general belief that a unique smokeless tobacco product called Swedish snus has fewer health
risks than cigarettes, no one has systematically reviewed the literature and compared the data
on health risks in a quantitative manner. We reviewed the literature to identify all analytic
epidemiologic studies that provided quantitative risk estimates associated with Swedish snus
and cigarette smoking in a single population, using a common reference group. Seven studies
were identified that addressed eight health outcomes. Although few in number, these seven
studies do provide quantitative evidence that, for certain health outcomes, the health risks
associated with snus are lower than those associated with smoking. Specifically, this is true for
lung cancer (based on one study), for oral cancer (based on one study), for gastric cancer (based
on one study), for cardiovascular disease (based on three of four studies), and for all-cause
mortality (based on one study). This review has likely omitted many of the adverse effects of
cigarettes, but probably few of the potential health effects of snus. Continued investigation of

the reduced health risks of Swedish snus compared to cigarette smoking is warranted.

The public health community has recently been engaged in
a debate about the merits of tobacco harm reduction strategies.
In essence, these strategies consider the use of pharmaceutical
or alternate tobacco products by cigarette smokers who are un-
willing or unable to quit nicotine completely (Hatsukami et al.,
2004). Of particular interest to the harm reduction community
is a unique smokeless tobacco product called Swedish snuff, or
snus. Snus is an air-cured, nonfermented, moist tobacco product
that is marketed in Sweden either as loose snuff or in portion-
bag packets (Andersson et al., 1995). The product is typically
placed behind the upper lip and held in the mouth for about
30 min before being discarded (Foulds et al., 2003). Snus de-
livers levels of nicotine that are comparable to those absorbed
from smoking cigarettes; however, snus has much lower lev-
els of tobacco-specific nitrosamines (TSNAs) and polynuclear
aromatic hydrocarbons than products sold in the United States,
Africa, or India (Hatsukami et al., 2004). Furthermore, the level
of TSNAs in moist Swedish snuff has declined greatly over the
past 20 years (Osterdahl et al., 2004).

Snus is very popular in Sweden, especially among Swedish
men. In 2002, 15% of adult Swedish men smoked and 23% of
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adult Swedish men used snus (Foulds et al., 2003). Snus use
is less common among women: In 2002, 20% of adult Swedish
women smoked and 4% of adult Swedish women used snus. Dur-
ing the past 25 yrs, snus use increased significantly among men
(from 10% in 1976 to 23% in 2002) while smoking declined sig-
nificantly (from about 40% to about 15%) (Foulds et al., 2003).
Numerous authors have suggested that the low prevalence of
smoking among Swedish men is directly related to the availabil-
ity of snus (e.g., Foulds et al., 2003; Henningfield & Fagerstrom,
2001; Rodu et al., 2003). The transition of the Swedish popula-
tion from smoking to snus use has been associated with a clear
reduction in the incidence of major smoking-related diseases
(Foulds et al., 2003).

A number of reviews of the health effects of snus have con-
cluded that, at most, snus may be associated with a slight increase
in cardiovascular risk and may pose some risks to unborn fetuses
(Foulds et al., 2003). In contrast, the health effects associated
with cigarettes are numerous and serious, and include cancer at
many sites in the body, cardiovascular diseases, respiratory dis-
eases, and reproductive effects (U.S. DHHS, 2004). Despite the
widespread belief that snus is associated with fewer health risks
than cigarettes, no one has systematically reviewed the literature
and compared the data on health risks in a quantitative manner.

The goal of this paper is to help fill this gap, to the degree
allowed by the available data, by comparing the health risks of
snus directly to those of smoking cigarettes. The health end-
points of interest include head and neck cancers, cardiovascular
disease, lung cancer, gastrointestinal cancer, and total mortality.
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METHODS

We sought to identify all analytic epidemiology studies that
provided quantitative risk estimates associated with Swedish
snus and cigarette smoking within a single population, so that
direct comparisons could be made of the health risks related to
the two exposures. Thus, within a single study, important design
and methodologic elements are comparable and the effect of
confounding factors is minimized.

Relevant studies were identified through a Dialog search of 32
scientific databases relevant to health topics, medicine, chem-
istry, toxicology, food, and agriculture. The search string in-
cluded variations of the terms snus, Swedish snuff, and oral
snuff. Full records were retrieved of all relevant articles and then
reviewed for content. Once actual articles were obtained, their
reference lists were “tree-searched” to identify other relevant
studies that might have been missed in the online search.

The papers were reviewed in detail to understand the impor-
tant issues in this literature that affect how quantitative compar-
isons could be made. The following factors were identified as
ones that would affect the comparisons that could be made and
the conclusions that could be drawn: specific health endpoint;
outcome (morbidity vs. mortality); study design (case-control
vs. cohort); type of reference group; and categories of exposure
(exclusive use vs. mixed use). Studies must be similar in these
important aspects if they are to be combined quantitatively, as
in meta-analysis.

Data on risk estimates were then extracted from each paper.
Some of the studies reported both univariate as well as multi-
variate findings (usually based on the multiple logistic model)
in which the risk estimates were adjusted for factors such as
age, gender, alcohol usage, occupation, and diet. We selected
the multivariate results whenever available. Efforts were made
to compare exclusive snus use to exclusive smoking, if the data
permitted. Although dual use of these two products is not com-
mon in Sweden, we wanted to avoid comparing risk estimates
that might have been contaminated by former smoking or former
snus use.

Our initial efforts were devoted to determining whether risk
estimates could be aggregated across studies (i.e., through meta-
analysis). After careful review of the studies that met the inclu-
sion criteria, we concluded that this was not possible, due to
differences in the important factors already noted (e.g., health
endpoints, study designs, target populations, etc.). For a few
health endpoints, there were two comparable studies, but the
published papers did not contain necessary information, such as
adjustment for confounders.

In comparing the health risks of snus and cigarettes, it was
necessary to consider the type of reference group used. In some
cases, it was not possible to compare the risks of snus to the
risks of cigarette smoking because the risk estimates for the
two exposures were based on different reference groups. For
example, in some studies, snus users were compared to nonusers
of snus (who may or may not have been smokers), whereas
cigarette smokers were compared to nonsmokers (who may or
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may not have used snus). Because the baseline level of risk in
these two reference groups is likely to be different, it would
not be meaningful to compare the risk associated with the two
exposures directly.

In total, 11 studies were identified that contained quantita-
tive estimates for health risks related to both snus and cigarette
smoking in a single population.

Four of these studies (addressing four health endpoints) ap-
pear to have separate reference groups. These studies are: Hans-
son et al. (1994) (gastric cancer); Huhtasaari et al. (1999) (my-
ocardial infarction); Lagergren et al. (2000) (esophageal cancer);
and Lewin et al. (1998) (head and neck cancer). In each of these
four studies, the authors reported that smoking was associated
with statistically significant increases in risk of the disease stud-
ied, while use of snus was not. However, it is not meaningful to
make direct statistical comparisons between the two exposures
when different reference groups are used. The remainder of this
article focuses on the seven studies (addressing eight health end-
points) that appear to have common reference groups.

Important features of the seven studies with common refer-
ence groups are abstracted in Table 1. These summaries include
basic information on the characteristics of the study subjects, the
study design, the sample size, data necessary to make quantita-
tive risk comparisons, and our analyses of the study conclusions.
In the majority of these studies, risk associated with Swedish
snus was significantly lower than that associated with cigarette
smoking. Details are provided below by heath outcome.

All calculations were performed using SAS statistical pro-
grams, Computer Programs for Epidemiologists (PEPI version
3.00), and our own proprietary software. To test the homogeneity
of odds ratios we relied on Cochran’s method (Fleiss, 1973).

RESULTS

Cardiovascular Disease

Four studies used a common reference group to derive quan-
titative estimates of the risk of various cardiovascular diseases
associated with snus and cigarette smoking in the same popula-
tion. Three of the four studies indicate that smoking poses greater
risks of cardiovascular disease than snus among Swedish men.

Asplund et al. (2003) examined fatal and nonfatal stroke in a
case-control study of 25- to 74-yr-old Swedish men. Univariate
analyses showed that exclusive use of snus was not associated
with any excess risk of stroke (OR = 1.05; 95% CI: 0.37-2.04),
whereas exclusive cigarette smoking was associated with sig-
nificantly elevated risk (OR = 2.21; 95% CI: 1.29-3.79). Di-
rect comparisons of these risk estimates showed that the risk
of cardiovascular disease associated with regular smoking was
not significantly greater than that associated with regular use
of snus. Conditional logistic regression showed that neither ex-
posure was associated with significantly elevated risk of stroke
(OR for snus = 0.87; 95% CI: 0.41-1.83) or cigarettes (OR
for cigarettes = 1.74, 95% CI: 0.85-3.54), but the point esti-
mate was twice as high for cigarettes as for snus. The authors
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concluded that, from a cardiovascular perspective, the delete-
rious effects of snus use are considerably less than those of
cigarette smoking.

Bolinder et al. (1994) examined death due to all cardiovascu-
lar diseases among a cohort of 84,871 Swedish male construction
workers. Both snus use and cigarette smoking were associated
with statistically significant elevations in risk of dying from car-
diovascular diseases. However, when the risk estimates for the
two exposures were compared directly, the risk was significantly
higher among smokers than among snus users (p = .007 for <15
cigarettes/day; p = .002 for >15 cigarettes/day).

Hergens et al. (2005) evaluated risk of myocardial infarction
(all cases, nonfatal cases, and fatal cases) in a case-control study
of 45- to 70-yr-old men living in 2 counties in Sweden. Com-
pared to nonusers of tobacco, current smokers who had never
used snus had statistically elevated risk of each of the three types
of myocardial infarction, but current snus users who had never
smoked had no such elevated risk. When the risk of cigarette
smoking was compared directly to that of snus use, cigarette
smokers had significantly higher risk of all cases of myocardial
infarction (p =.000), and of nonfatal cases of myocardial infarc-
tion (p = .001), but not of fatal cases of myocardial infarction
(p =NS).

Finally, Huhtasaari et al. (1992) evaluated risk of myocardial
infarction in a case-control study of 35- to 64-yr-old men who
participated in the Northern Sweden MONICA study. Compared
to nonusers of tobacco, cigarette smokers had statistically ele-
vated risk of myocardial infarction, but snus users had no such
elevated risk. When the risk estimates were compared directly,
cigarette smokers also had significantly higher risk of myocar-
dial infarction than snus users (p = .002). Smoking was more
harmful than snus in subjects of all ages (OR = 2.09; 95% CI:
1.39-3.15), as well as those 35 to 54 yr old (OR = 3.22; 95%
CI: 1.82-5.70), but not those 55 to 64 yr old (OR = 1.09; 95%
CI: 0.55-2.16).

Oral Cancer

Only one study used a common reference group to derive
quantitative estimates of the risk of oral cancer associated with
snus and cigarette smoking in the same population. This study,
by Schildtetal. (1998), was a case-control study that included all
cases of oral cancer diagnosed in the four northernmost counties
in Sweden. An analysis with a common reference group showed
that there was no increased risk of oral cancer among active
snus users (OR = 0.7; 95% CI: 0.4—1.2). However, there was an
increased risk of oral cancer among active smokers (OR = 1.7;
95% CI: 1.1-2.6). When these risk estimates were compared
directly, active smokers had a higher risk of oral cancer than
snus users (p = .006).

Gastrointestinal Diseases

Two studies used a common reference group to derive quan-
titative estimates of the risk of various gastrointestinal diseases
associated with snus and cigarette smoking in the same popula-
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tion. One study found that neither exposure was associated with
increased risk of inflammatory bowel disease, whereas the sec-
ond concluded that smoking poses greater risks of gastric cancer
than snus.

Persson et al. (1993) evaluated risk of Crohn’s disease and
ulcerative colitis in a case-control study of male residents of
Stockholm between the ages of 15 and 79. Use of moist oral
snuff alone or cigarettes alone was not associated with signif-
icantly increased risk of either of these types of inflammatory
bowel disease. When risk estimates for the two exposures were
compared directly, there was no significant difference in risk of
either Crohn’s disease or ulcerative colitis between snus users
who had smoked and current smokers who had never used snus.

Ye et al. (1999) conducted a case-control study of gastric and
cardia cancer among men and women aged 40 to 79 who were
born in Sweden and living in one of five counties in northern
and central Sweden from 1989 to 1995. When compared to a
common reference group of never tobacco users, snus users who
had never smoked had no increased risk of gastric or cardia
cancer (OR = 0.5; 95% CI: 0. 2-1.2), whereas smokers who
had never used snus had significantly increased risk (OR = 2.0;
95% CI: 1.3-2.0). When risk estimates for the two exposures
were compared directly, the risk of gastric and cardia cancer
was significantly higher among smokers who had never used
snus than among snus users who had never smoked (p = .003).

Lung Cancer

One study examined the relationship between snus use and
cigarette smoking and death due to lung cancer. Bolinder et al.
(1994) examined lung cancer mortality among men aged 35 to
54 and 55 to 65 in a cohort of 84,871 Swedish male construction
workers. The results were as expected: For both age groups, risk
of death due to lung cancer was significantly elevated among
smokers (even those who smoked fewer than 15 cigarettes/day),
but not among snus users. When the risk estimates were com-
pared directly, the risk was significantly higher among smokers
of 15 or more cigarettes per day than among snus users (p =.008
for ages 35 to 54; p = .001 for ages 55 to 65). However, there
was no significant difference in risk of lung cancer death among
men of either age who smoked fewer than 15 cigarettes/day and
men who used snus.

All-Cause Mortality

Comparative data on all-cause mortality are also available
in the cohort study of Swedish male construction workers re-
ported by Bolinder et al. (1994). Risk of death due to all causes
was significantly elevated among snus users (OR = 1.4; 95%
CI: 1.3-1.8), men who smoked fewer than 15 cigarettes/day
(OR =1.7;95% CI: 1.6-1.9), and men who smoked 15 or more
cigarettes/day (OR =2.2; 95% CI: 2.0-2.4). The risk was greater
among smokers and a dose-dependent relationship was seen.
When the risk estimates for the two exposures were compared
directly, men who smoked cigarettes had a significantly greater
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risk of all-cause mortality than snus users (p = .039 for <15
cigarettes/day; p < .001 for >15 cigarettes/day).

DISCUSSION

Our review of the literature indicates that, for certain health
outcomes, the health risks associated with snus are lower than
those associated with smoking. Specifically, this is true for lung
cancer (based on one study, Bolinder et al., 1994), for oral cancer
(based on one study, Schildt et al., 1998), and for gastric can-
cer (based on one study, Ye et al., 1999). Three of four studies
showed this for cardiovascular disease (Bolinder et al., 1994;
Hergens et al., 2005; Huhtasaari et al., 1992). Although both
snus and cigarette smoking were associated with increased risk
of all-cause mortality, the risk was significantly greater with
cigarette smoking (Bolinder et al., 1994; p < .05). Neither snus
nor cigarettes were linked to increased risk of two forms of in-
flammatory bowel disease (Persson et al., 1993).

Of all the studies examined, the only study that showed snus
users to be at elevated risk to any type of disease was Bolinder
et al. (1994), which reported significant elevations for both car-
diovascular disease and total mortality. (The total mortality re-
sults were mainly due to the cardiovascular findings.) But the
results from Bolinder et al. (1994) must be placed into per-
spective by considering the findings from other studies in the
field. None of the three other studies of cardiovascular disease
(Asplund et al., 2003; Hergens et al., 2005; Huhtasaari et al.,
1992) reported elevated levels of cardiovascular disease among
snus users compared to the levels in non-tobacco users. (More-
over, Huhtasaari et al. [1999] reported statistically significantly
lower levels of cardiovascular disease among snus users com-
pared to non-tobacco users [OR = 0.58, 95% CI: 0.35-0.94].)
Considering all these findings, the Bolinder et al. (1994) cardio-
vascular disease findings appear to be an anomaly.

All the studies in our summary were of reasonable quality.
Except for Bolinder et al. (1994) (which was a cohort study), all
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the studies in our review were case-control in design, in which
controls were matched to cases by one or more of variables such
as gender, age, and place of residence. All the case-control stud-
ies were based on population-based controls. In addition, odds
ratios in all the studies adjusted for one or more of the follow-
ing factors: health indicators (blood pressure, diabetes, serum
cholesterol level, medication usage, history of heart symptoms,
body mass index); socioeconomic factors (education, marital
status, region of origin); and social habits (smoking, consump-
tion of hard liquor). Finally, as indicated by the many statistically
significant findings reported in our analyses, the studies were of
adequate statistical power to compare the health risks of smoking
with those of snus usage.

It must be remembered that the studies described in this re-
view provide only part of the picture regarding the comparative
health risks of snus and cigarettes. As indicated in Figure 1, only
studies that presented risk information on both exposures were
considered. Many important diseases known to be associated
with cigarette smoking were not included (e.g., emphysema);
this is because there has been little impetus to study the rela-
tionship between snus and many of the diseases associated with
cigarettes. Thus, this review has omitted many of the adverse
effects of cigarettes, but probably few of the potential health
effects of snus.

This review has limitations: There are only seven studies
that permit a direct comparison of the risk estimates associated
with cigarettes and snus, and these papers cover several differ-
ent health outcomes. Nevertheless, the results of this investi-
gation are consistent with the general belief that snus is safer
than cigarette smoking. Rodu and Cole (2004) have estimated
that 200,000 of the 500,000 annual deaths among men in the
European Union (EU) that are attributable to smoking would
be avoided if the rate of smoking across the EU was the same
as that of Sweden. In addition, a 9-member panel of experts
who recently assessed the mortality risks of low-nitrosamine

7 studies contained risk data on
both exposures, using a
common control group

Snus literature

FIG. 1. Studies of smoking and snus: Health endpoints studied.
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smokeless tobacco (such as snus) concluded that such products
are associated with at least a 90% reduction in the risk associated
with smoking cigarettes (Levy et al., 2004). Given the evidence
suggesting that the widespread use of snus may at least be partly
related to the low smoking-related mortality of Swedish men,
further investigation into the reduced health risks of Swedish
snus compared to cigarette smoking is warranted.
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