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Use of smokeless tobacco and risk of myocardial infarction
and stroke: systematic review with meta-analysis

Paolo Boffetta, epidemiologist Kurt Straif, epidemiologist

ABSTRACT

Objective To assess whether people who use smokeless

tobacco products are at increased risk of myocardial

infarction and stroke.

DesignMeta-analysis of observational studies from

Sweden and the United States.

Data sources Electronic databases and reference lists.

Data extraction Quantitative estimates of the association

between use of smokeless tobacco products and risk of

myocardial infarction and stroke among never smokers.

Review methods Both authors independently abstracted

risk estimates and study characteristics. Summary

relative risks were estimated on the basis of random

effects models.

Results 11 studies, mainly in men, were included. Eight

risk estimates were available for fatal myocardial

infarction: the relative risk for ever use of smokeless

tobacco products was 1.13 (95% confidence 1.06 to

1.21) and the excess risk was restricted to current users.

The relative risk of fatal stroke, on the basis of five risk

estimates, was 1.40 (1.28 to 1.54). The studies from both

the United States and Sweden showed an increased risk

of death from myocardial infarction and stroke. The

inclusion of non-fatal myocardial infarction and non-fatal

stroke lowered the summary risk estimates. Data on dose-

response were limited but did not suggest a strong

relation between risk of dying from either disease and

frequency or duration of use of smokeless tobacco

products.

Conclusion An association was detected between use of

smokeless tobacco products and risk of fatal myocardial

infarction and stroke, which does not seem to be

explained by chance.

INTRODUCTION

Oral and nasal smokeless tobacco products have been
used in many countries for centuries. During most of
the 20th century, use of these products declined in Eur-
ope and North America, but a reverse trend in preva-
lence of use has been reported in the past few decades,
particularly among people younger than 40.1 These
products have been proposed as an alternative to cigar-
ettes and other smoking products under the claim of a
smaller, or negligible, risk to health.2 Smokeless
tobacco is a recognised carcinogen in humans1; other
potential health effects include an increased risk of

myocardial infarction, stroke, and adverse reproduc-
tive outcome.1 3 4 Determining the role of smokeless
tobacco in cardiovascular diseases is important, given
the high incidence and mortality from these diseases.
We systematically reviewed studies that analysed

the risk of myocardial infarction and stroke among
users of smokeless tobacco products, with the aim of
updating and expanding a previous review and meta-
analysis on this topic.5 Smokeless tobacco products
consumed in Asia are different from those consumed
in Europe andNorthAmerica.We aimed to determine
whether users of smokeless tobacco products in Swe-
den and North America are at an increased risk of
death from myocardial infarction and from stroke
compared with non-users.

METHODS

The MOOSE guidelines for meta-analysis of observa-
tional studies in epidemiology were followed.6 We
selected studies that provided a quantitative estimate
of the association between ever use of smokeless
tobacco products and occurrence (incidence ormortal-
ity) of myocardial infarction or stroke among never
smokers. We carried out a search in PubMed using
the terms ((“cardiovascular diseases”[MeSH Terms]
OR (“cardiovascular”[All Fields] AND “diseases”[All
Fields]) OR “cardiovascular diseases”[All Fields]) OR
(“cerebrovascular disorders”[MeSH Terms] OR
(“cerebrovascular”[All Fields] AND “disorders”[All
Fields]) OR “cerebrovascular disorders”[All Fields]
OR MORTALITY OR DEATH*)) AND ((((((snus))
OR ((snuff))) OR ((tobacco, smokeless[mesh]))) OR
((“smokeless tobacco”))) OR ((“spit tobacco” OR
“chewing tobacco”))) AND ((cohort studies[mesh]
OR case control studies[mesh]) OR (cohort[TI] AND
stud*[TI]) OR (case*[TI] AND control*[TI] OR pro-
spective study)), which identified 118 potentially rele-
vant references. We completed it with a second search
in ISI Web of Science 1945-2009 (updated 15 January
2009) using the terms ((Snus OR snuff OR OR “spit*
tobacco” OR “smokeless tobacco” OR “tobacco
SAME smokeless” OR “chewing tobacco” OR
“tobacco SAME chewing”) AND (cardiovascular OR
cerebrovascular OR “heart” OR “myocardial infarc-
tion” OR mortality OR death* OR ischaemic OR
ischemic OR stroke OR coronary) AND (Cohort*
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OR Case* OR control* OR prospective)), which
resulted in an additional 75 references. After excluding
irrelevant studiesw1-w175 we checked the reference lists
of relevant studies and identified one additional pub-
lication.w176 After further exclusion of studies done in
Asiaw177-w181 (including one study carried out in 52
countries, predominantly Asianw181), reports in subse-
quent publications,w176 w182 w183 and studies not report-
ing separate risk estimates for myocardial infarction
and stroke,w184 10 publications were included formeta-
analysis.7-16

Data extraction and quality assessment

Both authors independently abstracted the estimates of
risk of cardiovascular diseases, ischaemic heart disease
or myocardial infarction, and cerebrovascular disease
or stroke (including separate estimates for the fatal
forms of the diseases, if available) and the characteris-
tics of the study. The abstracted data were compared
and any inconsistencies resolved. When possible, risk
estimates for current and former use of smokeless
tobacco were abstracted separately.
If several risk estimates were available from one

study (for example, separate results for men and
women or for current and former use), we combined
them by carrying out a meta-analysis based on a fixed
effect model.

Data synthesis and analysis

We carried out a meta-analysis of the study specific
results based on a random effects model.17 We used
the statistical package STATA to test for heterogeneity
and to calculate summary relative risks and 95% con-
fidence intervals.18 Begg’s test was used to determine
the presence of publication bias.19

We classified studies on the basis of outcome (myo-
cardial infarction, stroke), country (United States, Swe-
den), study design (cohort, including nested case-
control, other case-control), and adjustment for poten-
tial confounders, in addition to age and sex. We
repeated the meta-analysis after stratification by coun-
try (United States, Sweden). As is usual in main ana-
lyses of epidemiological studies,20 we combined the
results of cohort and case-control studies. The possible
influence of study designwas assessed by repeating the
main analysiswith cohort studies only.Three case-con-
trol studies were available: all were from Sweden and
reported only results on myocardial infarction. To dis-
entangle the effect of country from that of study design
we carried out a further meta-analysis of myocardial
infarction restricted to cohort studies from Sweden.

Calculation of attributable fraction

The attributable fraction is a measure of the burden of
smokeless tobacco use on cardiovascular diseases. It
can be estimated on the basis of the relative risk from
use of smokeless tobacco and the proportion of the
exposed population: proportion of exposed popula-
tion×(relative risk−1) divided by [proportion of
exposed population×(relative risk−1)]+1.

We used the country specific relative risk of fatal
myocardial infarction and fatal stroke derived from
the present meta-analysis, and data on proportion of
smokeless tobacco users from surveys in the United
States21 and Sweden.22

RESULTS

Eleven studies reported in 10 publications were
included in the meta-analysis (fig 1 and table 1). 7-16

Eight studies were from Sweden and three from the
United States. Eight studies used a prospective cohort
design (in two, only results based on nested case-con-
trol analyses were reported) and three used a popula-
tion based case-control design. Nine studies were
restricted to never tobacco smokers, whereas two also
included former smokers. 7 8 Fixed effectmeta-analyses
of stratified results were done for four studies to obtain
a summary relative risk. 9 11 12 15

The nine independent risk estimates for myocardial
infarction (table 1) resulted in a summary relative risk
for ever use of smokeless tobacco products of 0.99
(95% confidence interval 0.89 to 1.10), with evidence
of heterogeneity between studies (table 2; test for pub-
lication bias P=0.2). No evidence of an increased risk
was present among current users (seven risk estimates,
with heterogeneity) or former users (four risk esti-
mates; table 2). Restricting themeta-analysis to cohort
studies gave a summary relative risk of 1.04 (0.95 to
1.14, six risk estimates). As all studies but one were in
men, the analyses stratified by sex were not informa-
tive.
No heterogeneity was found among the studies

reporting fatal myocardial infarction, resulting in a
summary relative risk for ever use of 1.13 (1.06 to
1.21), based on eight risk estimates (table 2, fig 2; test
for publication bias P=0.4). The increase was present
for current use of smokeless tobacco products but not

Publications from search of PubMed
and ISI Web of Science searches (n=193)

Exclusion of studies not reporting risk estimates
for cardiovascular disease (n=87)w89-w175

Review of reference lists, identification
of additional publications (n=1)w176

Exclusion of reports included in
subsequent publications (n=3)w176 w182 w183

Exclusion of studies not reporting separate risk
estimates for myocardial infarction or stroke (n=1)w184

Exclusion of studies from Asia and other countries (n=5)w177-w181

Publications included in meta-analysis (n=10)

Exclusion of non-epidemiological or clinical studies (n=88)w1-w88

Fig 1 | Strategy for selection of studies in meta-analysis
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for former use. An increased risk of fatal myocardial
infarction was present in studies from both the United
States and Sweden. In one study from the United
States, which analysed chewing tobacco and snuff use
separately, the results were similar. 11 Restricting the
analysis to the three risk estimates from cohort studies
in Sweden gave a summary relative risk of 1.26 (1.05 to
1.51). Dose-response analyses for fatal myocardial

infarction were reported in two studies11 14: in neither
was there a significant trend in risk by duration or fre-
quency of use, but in one study the relative risk of fatal
myocardial infarction was highest in the group that
used smokeless tobacco most often.14

On the basis of six risk estimates the overall relative
risk of strokewas 1.19 (0.97 to 1.47; test for publication
bias P=1.0; table 2). The results were heterogeneous.

Table 1 | Epidemiological studies on use of smokeless tobacco and risk of cardiovascular disease included in meta-analysis

Reference

Country, sex,
recruitment, follow-

up
Study
design Adjustment factors Exposure Outcome

No of cases/
No of deaths Relative risk (95% CI) Comments

Huhtasaarietal
19927

Sweden, men, 1989-
91, NR

Population
based case-
control

Age,regionof residence Snuff Myocardial infarction 177 0.89 (0.62 to 1.29) Including former
smokers; limited overlap
with Wennberg et al
200715

Huhtasaarietal
19998

Sweden, men, 1991-3,
NR

Population
based case-
control

Age, region of
residence, “various
cardiovascular risk
factors”

Snuff Fatal myocardial
infarction

NA/NA 0.58 (0.35 to 0.94),
1.50 (0.45 to 5.03)

Including former
smokers; limited overlap
withHergensetal200512

and Wennberg et al
200715

Accortt et al
20029

United States, both
sexes, 1971-5, 1971-
92

Cohort Age, sex,
socioeconomic status,
alcohol consumption,
physical activity, fruit
and vegetable intake,
blood pressure,
cholesterol, body mass
index

Smokeless
tobacco

Fatal myocardial
infarction, fatalstroke

NA/NA 1.0 (0.7 to 1.6)*, 0.8
(0.4 to 1.8)*

Proxy interviews for
many; meta-analysis of
results reported in paper
(sex)

Asplund et al
200310

Sweden, men,1985-6,
1985-2000

Case-control
analysis
nested in
cohort study

Age, region of
residence, education,
blood pressure,
diabetes, cholesterol,
marital status

Snuff Stroke NA 1.05 (0.37 to 2.94)

Henley et al
200511

United States, men,
1959, 1959-71

Cohort Age, race, education,
alcohol consumption,
physical activity,
aspirin intake, body
mass index, fruit and
vegetable intake

Spit
tobacco

Fatal myocardial
infarction, fatalstroke

799/460 1.12 (1.03 to 1.21),
1.46 (1.31 to 1.64)

Henley et al
200511

United States, men,
1982, 1982-8

Cohort Age, race, education,
alcohol consumption,
physical activity,
aspirin intake, body
mass index, fruit and
vegetable intake,
occupation

Spit
tobacco

Fatal myocardial
infarction, fatalstroke

216/100 1.11 (0.97 to 1.28)*,
1.34 (1.09 to 1.65)*

Meta-analysis of results
reportedinpaper (current
or former use)

Hergens et al
200512

Sweden, men, 1992-4,
NR

Population
based case-
control

Age,regionof residence Snuff Fatal myocardial
infarction

310/49 0.88 (0.49 to 1.60*, 1.7
(0.59 to 4.9)*

Meta-analysis of results
reportedinpaper (current
or former use); limited
overlap with Huhtasaari
et al 19998

Haglund et al
200713

Sweden, men, 1988-9,
1988-2003

Cohort Age, region of
residence,
socioeconomic status,
physical activity, self
reported health,
number of chronic
diseases

Snuff Fatal myocardial
infarction, fatalstroke

255/72; 145/
33

0.77 (0.51 to 1.15),
1.15 (0.54 to 2.41);
1.07 (0.65 to 1.77),
1.01 (0.35 to 2.92)

Hergens et al
200714

Sweden, men, 1978-
93, 1978-2004

Cohort Age,placeof residence,
body mass index

Snuff Fatal myocardial
infarction

3651/841 0.99 (0.90 to 1.10),
1.28 (1.06 to 1.55)

Same cohort as for
Hergens et al 200816

Wennberg et al
200715

Sweden, men, 1985-6,
1985-99

Case-control
analysis
nested in
cohort study

Age, education,
physical activity, body
mass index,cholesterol

Snuff Fatal myocardial
infarction

843/39 0.75 (0.48 to 1.18)*,
0.94 (0.38 to 2.30)*

Meta-analysis of results
reportedinpaper (current
or former use); limited
overlap with Huhtasaari
et al 20027 8

Hergens et al
200816

Sweden, men, 1978-
93, 1978-2003

Cohort Age,placeof residence,
body mass index

Snuff Stroke, fatal stroke 444/45 1.02 (0.92 to 1.13),
1.27 (0.92 to 1.76)

Same cohort as for
Hergens et al 200714

NA=not available; NR=not relevant.
*Results of meta-analysis.
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As was the case with myocardial infarction, all studies
but one included only men and therefore stratification
of the meta-analysis by sex was not informative. Only
three estimates were available for current use of smo-
keless tobacco products and two estimated for former
use: an increased risk was present only for current
exposure. Studies from Sweden (three risk estimates)
showed no increased risk of stroke. The results on fatal
stroke were not heterogeneous. The overall relative
risk on the basis of five risk estimates was 1.40 (1.28
to 1.54, table 2 and fig 3; test for publication bias
P=0.2). Results were comparable between studies
from the United States and Sweden (three risk esti-
mates compared with two risk estimates, respectively).
In the only study that reported results according to fre-
quency or duration of use, no significant trend in the
risk of fatal stroke was detected for either dimension of
use, but the relative risk was highest in the group with
longest duration of use. 11 Only one of the studies
reported results by type of stroke among snuff users:
the relative risk for fatal ischaemic stroke (1.63, 1.02 to
2.62) was higher than that for haemorrhagic stroke
(1.05, 0.61 to 1.80; test for heterogeneity P=0.2). 16

The results of the calculation of attributable fraction
are presented in table 3. The proportion of deaths from

myocardial infarction attributable to use of smokeless
tobacco products was 0.5% in the United States and
5.6% in Sweden. The corresponding figures for deaths
from stroke were 1.7% and 5.4%: the latter result was
based on a summary relative risk that was not statisti-
cally significant.

DISCUSSION

This meta-analysis showed an increased risk of fatal
myocardial infarction and fatal stroke among users of
smokeless tobacco products comparedwith non-users.
Although themagnitude of the excess risk, particularly
for fatal myocardial infarction, was small, the consis-
tency of the results among studies and their robustness
for study design and quality added to their credibility.
The meta-analyses including the results on non-fatal
cardiovascular diseases, however, showed heterogene-
ity between studies, which limits their interpretation.
All the studies on risk of non-fatal myocardial infarc-
tion and stroke were done in Sweden. Several possible
explanations may be given for the discrepancies in
results between fatal and non-fatal cardiovascular dis-
eases. Outcomes are less likely to be misclassified in
studies of incident cases recruited in hospital shortly
after diagnosis. It is unclear, however, how misclassifi-
cation of fatal cardiovascular diseases could generate a
false positive result in prospective studies, as misclassi-
ficationwouldmost likely be non-differential for use of
smokeless tobacco.24 The difference in results might,
however, reflect a true phenomenon.
Animal experiments and studies in humans indicate

that smokeless tobacco has mainly short term effects

Table 2 | Results of meta-analysis on risk of myocardial infarction and stroke* and use of

smokeless tobacco products

Outcome and subgroups
No of risk
estimates

P for
heterogeneity

Relative risk
(95% CI)

Any myocardial infarction:

Overall 9 0.05 0.99 (0.89 to 1.10)

Current use of smokeless tobacco 7 0.02 1.03 (0.91 to 1.17)

Former use of smokeless tobacco 4 0.7 0.74 (0.60 to 0.91)

Cohort studies 6 0.1 1.04 (0.95 to 1.14)

United States 3 0.9 1.11 (1.04 to 1.19)

Sweden 6 0.01 0.87 (0.75 to 1.02)

Sweden—cohort studies 3 0.3 0.92 (0.77 to 1.09)

Fatal myocardial infarction:

Overall 8 0.9 1.13 (1.06 to 1.21)

Current use of smokeless tobacco 6 0.6 1.17 (1.09 to 1.25)

Former use of smokeless tobacco 4 0.6 0.76 (0.58 to 0.99)

Cohort studies 6 0.8 1.13 (1.06 to 1.21)

United States 3 0.9 1.11 (1.04 to 1.19)

Sweden 5 0.9 1.27 (1.07 to 1.52)

Sweden—cohort studies 3 0.8 1.26 (1.05 to 1.51)

Any stroke:

Overall 6 <0.001 1.19 (0.97 to 1.47)

Current use of smokeless tobacco 3 <0.001 1.28 (1.00 to 1.64)

Former use of smokeless tobacco 2 0.05 0.93 (0.56 to 1.55)

United States 3 0.3 1.39 (1.22 to 1.60)

Sweden 3 1.0 1.02 (0.93 to 1.13)

Fatal stroke:

Overall 5 0.5 1.40 (1.28 to 1.54)

Current use of smokeless tobacco 3 0.9 1.44 (1.31 to 1.59)

Former use of smokeless tobacco 2 0.2 0.86 (0.26 to 2.79)

United States 3 0.3 1.39 (1.22 to 1.60)

Sweden 2 0.7 1.25 (0.91 to 1.70)

*All studies included in meta-analysis were of cohort design.

Huhtasaari et al8

Accortt9

Henley11

Henley11

Hergens12

Haglund13

Hergens14

Wennberg15

Summary estimate

1.50 (0.45 to 5.03)

1.00 (0.70 to 1.60)

1.12 (1.03 to 1.21)

1.11 (0.97 to 1.28)

0.70 (0.59 to 4.90)

1.15 (0.54 to 2.41)

1.28 (1.06 to 1.55)

0.94 (0.38 to 2.30)

1.13 (1.06 to 1.21)

<1

2

66

19

<1

1

11

<1
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0.1 0.2 0.5 1.0 2.0 5.0

Relative risk
(95% CI)

Relative risk
(95% CI)
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(%)

Fig 2 | Forest plot of risk estimates for fatal myocardial

infarction among users of smokeless tobacco products

Accortt9

Henley11

Henley11

Haglund13

Hergens16

Summary estimate

0.80 (0.40 to 1.80)

1.46 (1.31 to 1.64)

1.34 (1.09 to 1.65)

1.01 (0.35 to 2.92)

1.27 (0.92 to 1.76)

1.40 (1.28 to 1.54)

1

68

21

1

9

100

0.1 0.2 0.5 1.0 2.0 5.0

Relative risk
(95% CI)

Relative risk
(95% CI)

Weight
(%)

Fig 3 | Forest plot of risk estimates for fatal stroke among

users of smokeless tobacco products
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resulting in increased blood pressure and heart rate
that are presumably due to nicotine, whereas data on
long term use and hypertension are inconclusive.3 4

Several studies suggest that increased levels of trigly-
cerides, diabetes, obesity, and metabolic syndrome
might be associated with use of smokeless tobacco.1 4

Experimental findings of increased damage to the car-
diac muscle and poorer myocardial healing in dogs
exposed to nicotine may provide a pathophysiological
rationale for the increased mortality from myocardial
infarction. Furthermore, nicotine induced cardiac
arrhythmias in dogs and increased the sensitivity
towards arrhythmias and induced ventricular fibrilla-
tion in canine hearts that survived myocardial
infarction.4

Previous reviews on the risk of cardiovascular dis-
eases among users of smokeless tobacco emphasised
the differences in exposure and results and concluded
that the evidence did not suggest an association.3 525

Our meta-analysis, however, is based on explicit cri-
teria for inclusion of studies, and abstraction and pool-
ing of results. Compared with the most recent
publishedmeta-analysis,5 our review excluded two stu-
dies that have been included in subsequent publica-
tionsw176 w183 and one study with no risk estimate for
never smokers,w73 and included four studies published
in the past two years.13-16 Our meta-analysis provides
consistent evidence of a moderate increase in risk of
fatal myocardial infarction and fatal stroke, whereas it
does not provide evidence of a difference in effect of
products consumed in North America compared with
northern Europe. The different conclusions reached
by previous authors might be explained by the combi-
nation of results on incident and fatal cardiovascular
diseases, the lack of inclusion of several recent studies,
and the lack of a formal meta-analysis.3 5 25

The results on fatal myocardial infarction did not
depend on the inclusion of case-control studies, and
all risk estimates for fatal strokewere basedonprospec-
tive studies.Cohort studiesmight be prone to bias if the
members change their use of smokeless tobacco pro-
ducts during follow-up. This would, however, generate
a positive result for smokeless tobacco only if users
switched to smoking products. Some evidence from
the United States shows that use of smokeless tobacco

may lead to subsequent cigarette smoking.26 The
Swedish data do not support the hypothesis that smo-
keless tobacco is a precursor to future smoking.27 28

Other sources of bias (for example, misclassification
of outcomes) in cohort studies are unlikely to result in
a false positive result. This is not the case for case-con-
trol studies, inwhich information bias remains a poten-
tial problem.24 The consistency of results in
prospective and retrospective studies, however, argues
against such bias playing an important part.
Confounding by active smoking is a potential source

of bias in the studies included in the meta-analysis. We
aimed to control for this by restricting the meta-analy-
sis to studies of never smokers. Only two relatively
small case-control studies included former smokers in
their category of non-smokers.7 8 It is plausible, how-
ever, that some current or former smokers might
have been misclassified as never smokers. If this hap-
pened, irrespective of smokeless tobacco use, it would
have resulted in bias towards the null. However, the
possibility remains that confounding owing to misclas-
sification of smoking status might have been differen-
tial for smokeless tobacco use (that is, smokeless
tobacco users might have comprised more misclassi-
fied smokers than non-users), thus resulting in an infla-
tion of the risk associated with smokeless tobacco use.
A sensitivity analysis carried out by us showed that to
explain a relative risk of 1.40 for fatal stroke reported in
this study 25% of smokeless tobacco users should actu-
ally be misclassified as smokers (assuming no effect of
smokeless tobacco, relative risk equal to 2.5 for
tobacco smoking, and no misclassification among
non-users). Such a degree of misclassification is unli-
kely. The results included in the meta-analysis were
adjusted for sex, age, race (if appropriate), and (in
cohort studies) for other known risk factors of cardio-
vascular disease, such as body mass index and hyper-
tension.
In conclusion, in studies carried out in the United

States and Swedenwe detected an association between
use of smokeless tobacco products and risk of fatal
myocardial infarction and fatal stroke, which is not
readily explained by chance. Confounding and other
sources of bias, however, cannot be completely
excluded on the basis of available data, although we
found no strong evidence for their effect. If the associa-
tion is real, its public health and clinical implications
might be substantial, despite the fact that the

Table 3 | Attributable fraction and attributable number of

deaths from myocardial infarction and stroke among men in

United States and Sweden

Country (year) and outcome
Attributable
fraction (%) No of deaths

United States (2000):

Fatal myocardial infarction 0.5 483

Fatal stroke 1.7 1093

Sweden (2001):

Fatal myocardial infarction 5.6 346

Fatal stroke 5.4 220

Based on mortality data from WHO database,23 4.4% prevalence of use

in United States,21 and 23% prevalence of use in Sweden,22 and country

specific relative risks from table 2.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Smokeless tobacco products are widely used in many
populations

An association with risk of cardiovascular disease is
plausible

WHAT THIS STUDY ADDS

This systematic review and meta-analysis provided
evidence for an association between use of smokeless
products and risk of fatal myocardial infarction and stroke
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magnitude of the excess risk is small. Future research
should aim to clarify the mechanisms of effect of smo-
keless tobacco products on deaths from cardiovascular
disease and to elucidate whether a similar effect is pre-
sent for non-fatal myocardial infarction and non-fatal
stroke.
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