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Abstract

Background: The health consequences of the use of Swedish snus, including its relation-

ship with mortality, have not been fully established. We investigated the relationship be-

tween snus use and all-cause and cause-specific mortality (death due to cardiovascular

diseases, cancer diseases and all other reasons, respectively) in a nationwide collabora-

tive pooling project.

Methods: We followed 169 103 never-smoking men from eight Swedish cohort studies,

recruited in 1978–2010. Shared frailty models with random effects at the study level were

used in order to estimate adjusted hazard ratios (aHRs) and 95% confidence intervals

(CIs) of mortality associated with snus use.

Results: Exclusive current snus users had an increased risk of all-cause mortality (aHR

1.28, 95% CI 1.20–1.35), cardiovascular mortality (aHR 1.27, 95% CI 1.15–1.41) and other

cause mortality (aHR 1.37, 95% CI 1.24–1.52) compared with never-users of tobacco. The

risk of cancer mortality was also increased (aHR 1.12, 95% CI 1.00–1.26). These mortality
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risks increased with duration of snus use, but not with weekly amount.

Conclusions: Snus use among men is associated with increased all-cause mortality, car-

diovascular mortality, with death from other causes and possibly with increased cancer

mortality.

Key words: All-cause mortality, cancer mortality, cardiovascular mortality, moist oral snuff, smokeless tobacco,

Swedish snus

Introduction

Swedish snus, a smokeless tobacco product, is a moist

powder of fermented ground tobacco. A pinch or a

portion-bag is placed under the lip, where the active con-

stituents are absorbed through the oral mucosa.1 The high-

est prevalence of current snus use is found in Sweden,

where 22% of men and 4% of women use it daily.2 Snus is

also common in Norway and has a growing number of

users in the USA.3–5

Snus contains a number of harmful substances, includ-

ing heavy metals, polyaromatic hydrocarbons, tobacco-

specific nitrosamines and tobacco alkaloids.6 Nicotine is

the most abundant of the alkaloids, and has physiologic

effects on the cardiovascular system,7–10 with potentially

negative effects on human health. The addictive properties

of nicotine frequently result in prolonged snus use,1 entail-

ing long-term exposure to potential toxicants among users.

The snus-using population in Sweden provides a basis

for solid research on non-smoked nicotine that is hard to

find elsewhere. In addition to elucidating the health conse-

quences of snus use, our research findings may also gener-

ate hypotheses regarding the safety of other nicotine

products, for example nicotine replacement therapy and e-

cigarettes.

Whereas the use of snus has been associated with ad-

verse health outcomes such as obesity,11,12 type 2-diabe-

tes,13 heart failure,14 and oesophageal and rectal

cancer,6,15,16 the influence of snus use on all-cause

mortality needs further attention. Two existing reports in-

dicate an excess overall mortality risk from snus use,

mainly due to increased cardiovascular mortality, but their

interpretation is hampered by lack of control for important

confounders.17,18

The Swedish Collaboration on Health Effects of Snus

Use includes individual participant data from several

Swedish prospective studies.19–26 The collaboration was

established in order to clarify the impact of snus use on

health across time and geographical regions, with adequate

statistical power and control for confounding factors in-

cluding smoking. Here, we use this pooling project to in-

vestigate the association between snus use and all-cause,

cardiovascular, cancer and other cause (non-cardiovascu-

lar and non-cancer) mortality in men with no history of

smoking.

Methods

Contributing studies and data collection

In all, 383 015 participants were derived from eight

population-based cohorts from diverse geographic regions

across Sweden (Table 1). The principal investigator of each

cohort provided individual participant data, and data har-

monization and analyses were implemented centrally.

Details of study design and data collection procedures of

the individual studies have been published elsewhere.19–26

Key Messages

• In this large pooling project including data from eight prospective studies, we systematically examined associations

of snus use with mortality, overall and according to cause of death, among Swedish men.

• Snus use was associated with increased all-cause mortality, including mortality from cardiovascular disease and from

causes other than cardiovascular disease and cancer. There was also an association with cancer mortality.

• Because of the widespread use of snus in the Nordic countries, its association with mortality, if causal, has important

public health implications.

• Our findings may also be relevant for improving understanding of the health effects of other non-smoked tobacco

and nicotine products such as e-cigarettes.
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Since snus use is rare in women, we restricted the study

to men. To eliminate potential residual effects of current or

previous cigarette smoking, we excluded all participants

reporting ever regular use of cigarettes (n¼ 202 171).

Additional exclusion criteria were age <18 years

(n¼ 6697), missing information on body mass index (BMI)

(n¼ 1901) and missing information on tobacco use

(n¼ 3143). Thus, our main analyses included 169 103

never-smoking men (Figure 1).

We followed participants for cause-specific mortality by

linkage with the National Cause of Death Register,27 from

which we obtained the main cause of death according to

the International Classification of Diseases (ICD). For

overall mortality, we included deaths from all causes. For

cardiovascular disease (CVD) mortality, we included

deaths related to the heart and circulation system coded as

390–459 in ICD-9 (ICD, 9th Edition) and I00–I99 in

ICD-10 (10th Edition). We defined cancer mortality as

deaths due to malignant neoplasms, coded as 140–208 and

C00–C97 according to ICD-9 and ICD-10, respectively.

Other cause mortality was defined as deaths from all

causes except CVD and cancer, and included e.g. mortality

from respiratory diseases, infections, accidents and suicide.

Information on tobacco use was collected at baseline

using self-administrated questionnaires in seven studies19–

23,25,26 and by a structured phone interview in one study.24

All studies contributed information on self-reported cur-

rent snus use, and six studies also provided data on former

snus use19,21,22,24–26 and weekly amount of snus.19–22,24,26

Five studies contributed data on duration of snus

use.19,21,22,24,26 Information on potential confounding

factors that could be harmonized across the studies was

collected when available (Table 2). Information on height

and weight, whether it was self-reported or measured by

health professionals, was available in all studies, whereas

education level28,29 and alcohol consumption30,31 had

been assessed in all studies except one.19 Data on physical

activity28,32 were self-reported and retrieved from six stud-

ies.21–26

The specific studies were approved by their respective

regional ethical vetting boards, and approval for the col-

laboration was granted by the Stockholm Regional Ethical

Review Board (registration number 2009/971-31/3).

Statistical analysis

We categorized snus use into never, former and current use

(where non-current snus use was treated as never use in the

studies that did not have information on former snus use).

Furthermore, we categorized current use according to

amount consumed per week (<4 cans, 4–6 cans, �7 cans)

and duration of use (<5 years, 5–9 years, 10–14 years,

�15 years). Never-users of snus formed the reference

group. Categorization, in both analyses, was based on

available response options in the cohorts’ questionnaires.

Each individual contributed person-time from the date

of entering into the respective cohort until the date of

death, or the end of the cohort, whichever came first. We

used gamma-distributed shared frailty models with ran-

dom effects at the cohort level to estimate adjusted hazard

ratios (aHRs) and corresponding 95% confidence intervals

(CIs) of death in relation to snus use, using attained age

(in years) as the time scale. The shared frailty model is an

extension of the Cox proportional hazards model and

accounts for within study correlation by incorporating

shared random effects. In addition to the inherent adjust-

ment for age, all models were adjusted for body mass index

(BMI, in kg/m2). The underlying assumption of propor-

tional hazards was tested using Schoenfeld’s global test.33

Statistical analyses were conducted using Stata statisti-

cal software (Version 13.0, Stata Corporation, and College

Station, TX, USA).

Sensitivity analyses

We conducted sensitivity analyses according to the follow-

ing scenarios. (i) Excluding the Construction Workers

Cohort, which was by far the largest cohort, hence possibly

driving the results. (ii) Excluding cases of cardiovascular

disease and cancer incident within a year of baseline. (iii)

Adjusting for additional covariates including educational

level (�9, 10–12 and �13 years of education), alcohol con-

sumption (grams per week categorized as ‘never’ and then,

among consumers, in tertiles as ‘low’, ‘medium’ and ‘high’

intake), physical activity (‘0–2 h of light activity per week’,

Figure 1 Exclusion of participants
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‘>2 h of light activity per week’, ‘1–2 h of exercise per

week’ and ‘>2 h of exercise per week’) in the subset of

studies where this information was available. (iv)

Restricting follow-up time to a maximum of 10 years to

address possible attenuation by increasing exposure mis-

classification during follow-up. (v) Excluding the two

cohorts that did not report former snus use and where cur-

rent non-users were classified as never-users, to evaluate

possible misclassification bias.20,23 (vi) Adjusting for calen-

dar year at inclusion to address potential variation in diag-

nosis coding, quality of health care and other background

factors over time.

Results

The 169 103 men constituting the analytical sample

yielded 2 857 312 person-years of observation, during

which a total of 10 928 deaths occurred. The mean age at

entry was 36 years (range 18–99). In the analytical sample,

73.5% had never used any tobacco and 23% were exclu-

sive current snus users. In cohorts reporting former

use,19,21,22,24–26 4.8% were exclusive former snus users.

Compared with never-users of tobacco, exclusive cur-

rent snus users had an increased risk of all-cause mortality

(aHR 1.28, 95% CI 1.20–1.35) (Table 3). This increase

was mainly driven by excess risks of deaths due to

cardiovascular disease (aHR 1.27, 95% CI 1.15–1.41) and

causes other than CVD and cancer (aHR 1.37, 95% CI

1.24–1.52). There was also an association with cancer

deaths (aHR 1.12, 95% CI 1.00–1.26). Mortality from all

causes except for cancer increased with duration of snus

use at baseline, although there were no clear dose–response

relationships with the amount of snus used. Exclusive for-

mer snus users, compared with never-users, had an excess

risk of all-cause mortality (aHR 1.15, 95% CI 1.02–1.31)

and cancer death (aHR 1.26, 95% CI 1.01–1.57), but ap-

parently not of death from CVD or other causes.

Table 4 presents results of sensitivity analyses. The ex-

clusion of the Construction Workers Cohort19 inflated

aHRs for cardiovascular and cancer mortality. In particu-

lar, the aHR of cancer mortality was more pronounced

(aHR 1.52, 95% CI 1.15–1.99) among current snus users

in the restricted sample. Further adjustment for additional

potential confounders (education, alcohol consumption

and physical activity) in an additionally restricted sample

(excluding the Construction Workers Cohort and the

Malmö Diet and Cancer Study) yielded similar results.

Current snus use was not associated with cardiovascular

mortality after the full sample was restricted to 10 years of

follow-up (aHR 1.13, 95% CI 0.93–1.38), whereas cancer

and other cause mortality was similar, or more augmented,

compared with findings from the main analyses. Lastly,

Table 2 Baseline characteristics of study participants in the pooled analytical sample

Characteristics All Never-users of

tobacco

Exclusive current

snus users

Exclusive former

snus users

Participants (n) 169 103 124 256 39 156 5 691

Age, years (mean 6 SD) 36 6 15 38 6 16 29 6 11 38 6 13

BMI, kg/m2 (mean 6 SD) 24.5 6 3.2 24.6 6 3.2 24.1 6 3.2 25.0 6 3.1

Alcohol intakea,b

Never (%) 12.21 14.06 3.85 4.08

Low (%) 31.45 33.06 22.72 27.39

Medium (%) 28.45 27.71 30.28 35.02

High (%) 22.98 20.18 37.91 30.43

Missing (%) 4.91 4.99 5.24 3.08

Educational levela

�9 years (%) 22.09 23.15 18.13 15.61

10–12 years (%) 40.83 38.65 52.58 46.37

�13 years (%) 35.28 36.27 27.89 37.06

Missing (%) 1.80 1.92 1.39 0.97

Physical activity levela

0–2 h of light activity per week (%) 9.74 9.47 12.40 8.02

>2 h of light activity per week (%) 32.92 32.35 37.30 31.69

1–2 h of exercise per week (%) 33.33 33.59 29.71 37.45

>2 h of exercise per week (%) 15.59 14.96 17.31 20.77

Missing (%) 8.41 9.63 3.28 2.26

aIn cohorts that provided information on these covariates (alcohol intake20–26, educational level20–26, physical activity level21–26).
bAlcohol consumption here categorized into never, low, medium or high use, in tertiles of grams consumed per week.

International Journal of Epidemiology, 2020, Vol. 49, No. 6 2045



excluding cohorts that did not report former snus use, and

additionally adjusting for calendar year, changed the esti-

mates of associations only marginally.

Discussion

In this pooled analysis of individual data from eight cohort

studies, snus use was associated with an increased risk of

death. The excess risk was found for all-cause and cause-

specific mortality and was seemingly most attributable to

cardiovascular and non-cancer causes. The risk increased

in a dose-dependent manner with the baseline reports of

duration, but not with amount of snus use.

Our findings are in line with two previous studies on as-

sociation between snus use and increased risk of death.17,18

In 1994, Bolinder et al.18 reported an excess overall mor-

tality of 40% (OR 1.4, 95% CI 1.3–1.8) among exclusive

current snus users from a 12-year follow up of the

Construction Workers Cohort. Another cohort study by

Roosaar et al.17 demonstrated a risk increase of 23% (OR

1.23, 95% CI 1.09–1.40) for exclusive ever snus use (not

differentiating between current and former use). Although

these studies addressed several potential confounding fac-

tors, such as age, area of residence and certain pre-existing

conditions, they were unable to adjust for established risk

factors such as BMI,17 alcohol consumption18 and socio-

economic status.17,18 As it is known that snus use is associ-

ated with higher BMI, increased risk of alcohol abuse and

shorter education compared with non-users of to-

bacco,28,30,34 lack of adjustment for these factors may gen-

erate misleading conclusions. Interestingly, our study

supports the results of increased all-cause mortality, even

after controlling for these and other confounders.

Cardiovascular diseases and cancer diseases are the

two most common causes of death in the Western world.35

In our study, we found an association between current

snus use and cardiovascular mortality that generally

remained after sensitivity analyses, exhibiting a dose–re-

sponse relationship with duration. However, the associa-

tion was attenuated after restriction to 10-year follow-up

time. One reason for this may be that snus users were

young at baseline, on average less than 30 years old.

Deaths from cardiovascular diseases at a young age are

heavily influenced by genetic factors36,37 rather than life-

style factors and, therefore, 10 years follow-up time in

early adulthood may be too short to evaluate the possible

long-term effects of snus use on cardiovascular risk.

Nevertheless, due to inconsistency in the results, the in-

creased cardiovascular mortality should be interpreted

with caution.

Table 3 Pooled aHRs and 95% CIs of death according to cause and snus use at baseline

Cause of death

All causes Cardiovascular diseases Cancer Other causes

na aHR (95% CI)b na aHR (95% CI)b na aHR (95% CI)b na aHR (95% CI)b

Tobacco use

Never-users of

tobacco

9272 Ref. 3444 Ref. 2660 Ref. 2098 Ref.

Exclusive current

snus users

1410 1.28 (1.20–1.35) 443 1.27 (1.15–1.41) 332 1.12 (1.00–1.26) 511 1.37 (1.24–1.52)

Exclusive former

snus users

246 1.15 (1.02–1.31) 83 1.13 (0.91–1.41) 82 1.26 (1.01–1.57) 69 1.14 (0.89–1.45)

Amount (cans/week)c

<4 415 1.28 (1.16–1.41) 166 1.44 (1.23–1.69) 102 1.13 (0.93–1.38) 109 1.24 (1.02–1.51)

4–6 429 1.17 (1.06–1.29) 141 1.18 (1.00–1.40) 116 1.17 (0.96–1.41) 140 1.18 (0.99–1.40)

�7 528 1.37 (1.25–1.50) 125 1.17 (0.98–1.41) 98 1.01 (0.82–1.24) 253 1.65 (1.43–1.90)

P for trend 0.09 0.03 0.22 0.001

Duration, yearsc

<5 105 1.08 (0.88–1.32) 13 0.98 (0.56–1.72) 12 0.68 (0.38–1.21) 71 1.13 (0.87–1.45)

5–9 189 1.17 (1.00–1.36) 26 0.99 (0.67–1.48) 32 0.94 (0.65–1.35) 114 1.21 (0.99–1.49)

10–14 176 1.31 (1.12–1.52) 38 1.16 (0.84–1.61) 40 1.08 (0.79–1.49) 82 1.46 (1.16–1.84)

�15 844 1.29 (1.20–1.38) 340 1.32 (1.18–1.48) 215 1.12 (0.97–1.29) 222 1.49 (1.30–1.72)

P for trend 0.001 0.001 0.11 0.001

aThe numbers of cause-specific deaths do not add up to the total because of missing information regarding the cause of death.
bAdjusted for attained age and BMI.
cAmong exclusive current snus users only. Reference category is never-users of tobacco.
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The studies by Bolinder et al. and Roosaar et al. also

showed evidence in support of an increased risk of cardio-

vascular mortality in snus users.17,18 Moreover, as we have

previously reported from this pooling project, although no

relationships with incidence could be seen, snus users

exhibited increased short-term fatality rates in both stroke

and myocardial infarction.38,39 Furthermore, snus discon-

tinuation after diagnosis has been shown to improve myo-

cardial infarction survival.40 Snus use has also recently

been linked to a higher risk of heart failure.14 The current

study provides further evidence that snus use has an impact

on cardiovascular health. Although the mechanisms behind

a possible increase in cardiovascular mortality are still

unclear, previous research provides interesting hypotheses:

that nicotine may increase endothelial dysfunction7,41 and

induce arrhythmia.42 Both these processes are important

for pathogenesis and mortality in cardiovascular

events.43,44

We found a slightly increased risk for death from cancer

diseases among snus users. This association did not

show any dose–response relationship, but was supported

by results of the sensitivity analyses. The increased cancer

mortality may reflect poorer survival after cancer diagnosis

for snus users, as has been shown for both overall and

prostate cancer mortality.45,46 It may also be caused by an

increase in particularly lethal cancers among snus users.

For example, there is evidence that snus users have in-

creased risk of oesophageal6,15 and rectal16 cancer, two

diseases with poor survival rates.47 However, oesophageal

and rectal cancer constitute only a minor part of all cancer

diagnoses, which may restrict the impact on overall cancer

mortality. Possible mechanisms for increased cancer mor-

tality rates among snus users include nicotine-promoted

tumour progression and interaction with antitumor

treatment.9

Our third category in the cause-specific mortality analy-

ses, ‘other causes of death’, included all deaths that were not

classified as ‘cardiovascular deaths’ or ‘cancer deaths’. We

found that snus users have an increased risk of other cause

death of 37%, exhibiting dose–response trends for both

amount and duration of snus use. Our sensitivity analyses

were in support of increased other cause death risk.

Table 4 Pooled aHRs and 95% CIs of death according to cause and current snus use at baseline from sensitivity analyses

Sensitivity analysis Cause of

deatha

Never-users of

tobacco (n)

Exclusive current

snus users (n)

Comparison of snus users

and never-users of tobacco

[aHR (95% CI)]

Excluding Construction Workers Cohort

(CWC)

All causes 3156 177 1.42 (1.21–1.66)

CVD 1139 56 1.39 (1.05–1.84)

Cancer 894 60 1.52 (1.15–1.99)

Other causes 585 43 1.34 (0.97–1.86)

Excluding major CVD and cancer inci-

dents within a year from baseline

All causes 8711 1370 1.28 (1.20–1.36)

CVD 3253 428 1.27 (1.14–1.40)

Cancer 2385 310 1.12 (0.99–1.27)

Other causes 2022 509 1.38 (1.24–1.53)

Excluding the cohorts that do not have

information on former snus use

All causes 8396 1389 1.28 (1.21–1.36)

CVD 3137 439 1.29 (1.16–1.42)

Cancer 2543 328 1.12 (1.00–1.26)

Other causes 2093 511 1.38 (1.24–1.52)

Additional adjustment, excluding cohorts

lacking covariate informationb

All causes 2345 158 1.46 (1.22–1.75)

CVD 846 52 1.56 (1.14–2.14)

Cancer 787 56 1.51 (1.12–2.03)

Other causes 585 43 1.20 (0.83–1.72)

Restricting follow-up time to maximum

10 years

All causes 3155 487 1.34 (1.21–1.48)

CVD 1181 114 1.13 (0.93–1.38)

Cancer 1001 116 1.24 (1.02–1.52)

Other causes 825 254 1.57 (1.35–1.83)

Adjusting for calendar year All causes 9272 1410 1.28 (1.21–1.36)

CVD 3444 443 1.28 (1.16–1.42)

Cancer 2660 332 1.13 (1.01–1.28)

Other causes 2098 511 1.40 (1.26–1.55)

aThe numbers of cause-specific deaths do not add up to the total because of missing information regarding the cause of death.
bExcluding CWC and the Malmö Diet and Cancer Study, adjusted for education level, alcohol consumption and physical activity in addition to attained age

and BMI.
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Self-harm and violence are two common reasons for

‘other cause death’ among Swedish middle-aged men.48

As these,49,50 and also snus use,30 are associated with alco-

hol abuse, one could hypothesize that snus use might lead

to increased death rates due to self-harm and violence via

the association with alcohol abuse. Another possible rea-

son for increased other cause death may be risk taking be-

haviour among snus users, leading to higher fatality rates

from e.g. traffic accidents. We consider these topics rele-

vant for further study.

One weakness in our study is that, although we were

able to adjust for several of the most important confound-

ers, we cannot fully rule out residual confounding from

uncontrolled differences between snus users and non-

tobacco users. Furthermore, exposure was only measured

at baseline, entailing risk of exposure misclassification,

which may partially explain the lack of any clear dose–re-

sponse trends with increasing amount of snus use in our

study. However, previous research has stated that snus use

is a fairly stable habit,51 and our sensitivity analyses indi-

cate that the misclassification bias introduced by this single

baseline measurement is negligible. Another weakness is

that former snus use was not measured in two studies. In

these, non-current use was defined as never-use, and hence

the group ‘never-users of tobacco’ includes a number of

former snus users, introducing risk of bias. A sensitivity

analysis that excluded these two cohorts showed results

similar to those obtained from the main analysis, thus indi-

cating that this bias was minimal.

Our study also has several strengths, the most obvious

being its size—there is no larger dataset for investigating

the impact of snus use on health. In comparison with previ-

ous research, the current study population is more hetero-

geneous and we had greater possibilities for important

adjustments. We were also able to perform valuable sensi-

tivity analyses, reducing the risk of bias from several limi-

tations, and analyses on former snus users, demonstrating

overall slightly increased mortality risks, in support of our

main results.

In conclusion, our results support an association be-

tween snus use and mortality including death from CVD,

cancer and other causes. These associations, if causal, are

of public health relevance for countries with a high preva-

lence of snus use. They may also help improve understand-

ing of health effects of other smokeless tobacco and

nicotine products.
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