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Background

In 2012, 529,500 new cases of cancers of the oral 
cavity and pharynx, and more than 300,000 deaths 
were reported worldwide [1]. Oral cancers are pre-
dominantly squamous cell carcinomas of the lip or 
oral cavity. Its incidence varies greatly worldwide, 
with low rates in most Western countries while being 
among the most common cancers on the Indian 

subcontinent and in other parts of Asia [1]. Tobacco 
and alcohol consumption and human papillomavirus 
(HPV)-infections are established risk factors for oral 
cancer [2].

Smokeless tobacco is not burned and can be used 
orally or nasally. Oral smokeless-tobacco products 
are sucked or chewed. Snuff is a general term for 
finely cut or powdered, sometimes flavoured tobacco, 
which can be prepared as moist or dry snuff (this 
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latter can be inhaled through nasal passages) [3]. 
Smokeless-tobacco products contain nicotine and 
other alkaloids in addition to carcinogens such as 
nitrosamines, nitrosoamino acids, aldehydes and 
metals, but in varying doses depending, for example, 
on manufacturing methods and brands [3, 4]. 
Globally, a wide variety of different smokeless-
tobacco products are used. Chewing tobacco is com-
mon throughout much of Southeast Asia and the 
Western Pacific, while in Sweden moist oral snuff, 
also known as snus, is the main product used [3]. 
Because of this variation, the global interpretation of 
epidemiological studies on health effects of smoke-
less tobacco use is complicated.

Results from four meta-analyses [3, 5–7] indicates 
that any type of smokeless tobacco (chewing or snuff) 
is significantly associated with an increased risk of 
oral cancer in the USA and South Asia. The 
International Agency for Research on Cancer 
(IARC), in 2007, hence concluded that there is 
strong evidence that smokeless tobacco causes can-
cer of the oral cavity [8]. The relationship between 
use of the Swedish snus and oral cancer is, however, 
less clear [9–15].

In 2018, 18% of Swedish men and 4% of Swedish 
women and 25% of Norwegian men and 14% of 
Norwegian women, were daily snus users [16, 17]. 
Snus use has been proposed as a smoking cessation 
aid, thus, it is important to fully understand the con-
tribution of snus use to cancer incidence. The 
Swedish Collaboration on Health Effects of Snus 
Use (SCHESU) consists of a group of Swedish inves-
tigators, who have conducted prospective studies 
where data on snus use has been collected. The 
SCHESU has previously investigated the impact of 
snus use on multiple health outcomes such as pan-
creatic cancer [18], colorectal cancer [19], diabetes 
[20] and Parkinson’s disease [21]. The present 
SCHESU involves data from nine Swedish cohort 
studies [9, 22–29], of which only one [9] had pub-
lished data on snus use and oral cancer. We here take 
advantage of this large pooling project to investigate 
the impact of snus use on oral-cancer risk.

Materials and method

Contributing studies and data collection

We used data from nine prospective cohort studies, 
including participants of varying ages, recruited at 
different time periods from diverse geographic 
regions across Sweden. Exclusion criteria were age 
less than 18 years, missing information on body mass 
index (BMI) or tobacco, or being diagnosed with oral 
cancer, or death prior to study enrolment. Of the 

included studies, five were population-based [22, 23, 
26–28], two were occupational cohorts [9, 29], one 
included participants in a charity-walk [24], and one 
was a twin study [25].The cohorts are described in 
detail in Table I. Details on study design and data 
collection procedures of the individual studies have 
been reported elsewhere [9, 22–29]. Since snus use is 
rare in women, the study was restricted to men [16].

Information on tobacco use was collected at base-
line using self-administrated questionnaires in seven 
studies [22–24, 26–29] and by a structured phone 
interview and personal interviews by nurses in two 
studies [9, 25]. All studies contributed information 
on current snus use and seven [9, 23–25, 27–29] on 
former snus use while amount and duration of snus 
use was available from seven [9, 22–25, 28, 29] and 
six studies [9, 23–25, 28, 29], respectively. Detailed 
information on snus use assessment across studies 
has been summarized in Table II. Information on 
height and weight, whether it was self-reported or 
measured by health professionals, was collected in all 
studies. Moreover, information on educational level 
and alcohol consumption was available and retrieved 
from all studies, except one [9]. Each cohort member 
contributed person-time from the date of entering 
into the study until the date of oral cancer diagnosis, 
death, or the end of the study, whichever came first. 
The Swedish National Cancer Register, established 
in 1958 and shown to be 98% complete, has coded 
malignant tumours according to the seventh revision 
of International Classification of Diseases (ICD7) 
[30]. In this study, we used the ICD7 codes 140, 141, 
143 and 144 to identify incident cases of oral cancer 
(not including cancers of the salivary glands, phar-
ynx, or larynx). Linkages were performed using the 
personal identity, a unique national identifier 
assigned to all Swedish residents. The specific studies 
were approved by their respective regional ethical 
vetting boards, and approval for the pooling project 
was granted by the Stockholm Regional Ethical 
Review Board (registration number 2009/971-31/3).

Statistical analyses

Smoking and snus use were categorized 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). These data 
were collected at baseline and no follow-up data on 
tobacco-use habits were available. Snus use (exclud-
ing former use) was further, where possible (see also 
Table II), categorized according to amount consumed 
per week (⩽ 4 cans, 5–6 cans, ⩾ 7 cans) and duration 
(⩽ 4 years, 5–9 years, 10–14 years, 15-19 years, ⩾ 20 
years) of use. Such information for smoking status 
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was not available. Never-users of snus constituted the 
reference group.

Shared frailty models (gamma distributed) with 
random effects at the study level were used to esti-
mate hazard ratios (HRs) with corresponding 95% 
confidence intervals (CIs) of oral cancer in relation 
to tobacco use, using time from baseline to end of 
follow-up as the time scale. The shared frailty model 
is an extension of the Cox proportional hazards 
model and accounts for between study correlation 
by incorporating shared random effects [31]. 
Participants were followed from baseline until index 
date of oral cancer diagnosis, date of death, or end 
of follow-up, whichever came first. In addition to 
the inherent adjustment for age, all models were 
adjusted for BMI, calculated as body weight in (kil-
ograms) by the height (in metres) squared and used 
as a continuous variable, and smoking (where pos-
sible, categorized as never, former or current smok-
ing) [32]. The underlying assumption of proportional 
hazards was tested using Schoenfeld’s global test. 
Stata statistical software (Version 13.1, Stata 
Corporation, and College Station, TX, USA) was 
used for all analyses.

We conducted a sensitivity analysis according to the 
following scenarios: (a) excluding the Construction 
Workers Cohort, since this cohort constituted 61.5% 
of the total sample size; (b) restriction to never smok-
ers, as an alternative approach to control for the poten-
tial confounding effect of tobacco smoking; (c) 
adjusting for alcohol consumption ((grams/week), 
low, medium and high (in tertiles)) [33] and educa-
tional level (⩽ 9 (compulsory), 10–11 (secondary or 
high school) and ⩾ 12 years (university or above) of 
education) [34] in the subset of studies where this 
information was available; (d) excluding cohorts [22, 
26] with no available information on former snus use, 
thus enabling correct classification of former snus use.

Results

After exclusions of 14,625 subjects, including those 
being under 18 years old (n = 6697), missing infor-
mation on BMI (n = 2125), missing information on 
tobacco variables (n = 5705), having a prior history 
of colorectal cancer (n = 87), or a death date before 
entry (n = 11), 418,369 men constituted the analyti-
cal sample yielding 9,201,647 person-years of obser-
vation (Figure 1). Characteristics of the participants 
from the various cohorts included in the collabora-
tion are shown in Table I. Period of recruitment and 
duration of follow-up ranged from 1978 to 2013 and 
from 5 to 35 years, respectively. The mean age at 
entry was 40 years (range 18–99). A total of 628 inci-
dent cases of oral cancer occurred during follow-up. 

At time of entry, 30% of study participants had ever 
used snus.

The main analyses including the full analytical 
sample, adjusting for smoking status and BMI did 
not support any association between ever-snus use 
and oral cancer (HR 0.90, 95% CI: 0.74, 1.09, com-
pares ever- to never-snus users). The current users of 
snus had a statistically non-significant 21% lower risk 
of oral cancer than the never users (HR 0.79, 95% 
CI: 0.63, 1.00). Additionally, there was no clear trend 
with duration; while lower intensity use (⩽ 4 cans/
week) was associated with a reduced risk (HR 0.65, 
95% CI: 0.45, 0.94) (Table III).

Sensitivity analyses

Table IV presents the results from sensitivity analy-
ses. Excluding the Construction Workers Cohort, the 
HR for oral cancer in current snus users was 0.79 
(95% CI: 0.46, 1.37) after adjustment for BMI and 
smoking status. Snus use was furthermore not associ-
ated with oral-cancer risk in analysis restricted to 
never smokers (HR 0.93, 95% CI: 0.59, 1.44). The 
results from other sensitivity analyses scenarios 
including adjustment for educational level and alco-
hol consumption, and excluding cohorts with no 
information on former snus use were generally simi-
lar to the overall findings.

Discussion

This large pooling project, including nine prospec-
tive cohort studies and 628 incident cases, does not 

Figure 1.  Derivation of the analytical sample.
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support the notion that use of Swedish snus increases 
the risk for oral cancer among men. Indeed, current 
users had a seemingly reduced such risk which, how-
ever, is difficult to interpret in light of lacking dose-
response relationships and biological rationale. Our 
results contrast convincing evidence of an increased 
risk of oral cancer with use of other types of oral 
smokeless tobacco, including those commonly used 
in the USA, India, Pakistan and Sudan, but are in 
line with most studies from the Nordic Countries.

In a previous report from the Swedish Construction 
Workers Cohort [9] from 279,897 male in 1978–
1992 with follow-up until 2004 with 248 cases of oral 
cancer, snus users had a relative risk of oral cancer of 
0.8 (95% CI: 0.4, 1.7) after restriction to never 
smokers. This result was replicated in the current 
study with complete follow-up until end of 2013 with 
total 475 cases of oral cancer during 35 years of fol-
low-up (HR 1.0, 95% CI: 0.6, 1.7). In a cohort study 
by Boffetta and colleagues [10], snus use was not 
associated with oral cancer (RR 1.10, 95% CI: 0.50, 
2.41) after adjusting for age and smoking. Similarly, 
two case-control studies by Rosenquist and col-
leagues [11] (odds ratio (OR) for ever-snus use 0.7, 
95% CI: 0.3, 1.3) and Schildt and colleagues [12] 
(OR for current snus use 0.7, 95% CI: 0.4, 1.2) 
found no increased risk for development of oral can-
cer associated with the use of Swedish snus.

In contrast, results from an additional Swedish 
cohort [13] showed an elevated risk for ever daily use 
of snus compared to never daily use of snus control-
ling for smoking (HR 3.1, 95% CI: 1.5, 6.6) based on 
11 exposed cases. Among never-smokers in the 
cohort, the HR for ever daily use of snus was 2.3 
(95% CI: 0.7, 8.3) [13]. In a another small Swedish 
study [14] among men with snus-induced lesions, a 
relative risk of 2.3 (95% CI: 0.5, 6.7) was reported in 
relation to snus use, but none of the cancers had 
developed at the site of the lesions. In a case-control 
study [15], the OR for cancers of the oral cavity, 
pharynx and oesophagus combined in relation to 
current snus use was 1.0 (95% CI: 0.7, 1.6). In the 
subgroup of never-smokers, the OR for ever-users of 
snus was, however, 4.7 (95% CI: 1.6, 13.8).

The reason for the discrepancy between these 
findings is unknown, but all studies but the 
Construction Workers Cohort were based on small 

Table IV.  Pooled hazard ratios (HRs) and 95% confidence intervals (CIs) of oral cancer in relation to snus use from sensitivity analyses  
(n = 418,369).

Type of analysis n Use of snus at baseline

Ever users Former users Current users

HRa (95% CI) n HRa (95% CI) n HRa (95% CI)

Excluding Construction Workers Cohort 31 0.96 (0.63, 1.48) 15 1.27 (0.72, 2.26) 16 0.79 (0.46, 1.37)
Restriction to never smokersb 28 0.87 (0.57, 1.32) 3 0.58 (0.18, 1.83) 25 0.93 (0.59, 1.44)
Controlling for additional potential 
confoundersc

31 0.95 (0.61, 1.49) 15 1.26 (0.70, 2.28) 16 0.78 (0.44, 1.38)

Excluding cohortsd with no information 
on former snus use

142 0.97 (0.79, 1.18) 51 1.26 (0.93, 1.71) 91 0.86 (0.67, 1.09)

aAdjusted for attained age, smoking (never, former and current) and body mass index.
bThe reference is never users of any tobacco.
cAdditional adjustment for alcohol consumption, and educational level, among the studies where this information was available (MONICA, 
NMC, SALT, Scania_PHC, Sthlm_PHC, VIP and WOLF).
dMDCS and Scania_PHC.

Table III.  Pooled hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for oral cancer in relation to snus use (n = 418,369).

Use of snus 
at baseline

Number 
of cases

HRa 95% CI HRb 95% CI

Never-usersc 485 Ref. Ref.
Ever-users 143 0.89 (0.73, 1.07) 0.90 (0.74, 1.09)
Former users 51 1.20 (0.89, 1.60) 1.20 (0.89, 1.61)
Current users 92 0.77 (0.62, 0.97) 0.79 (0.63, 1.00)
Amount (cans/week)d

  ⩽ 4 31 0.71 (0.49, 1.02) 0.65 (0.45, 0.94)
  5–6 29 0.77 (0.53, 1.13) 0.83 (0.56, 1.21)
  ⩾ 7 30 0.83 (0.57, 1.22) 0.97 (0.66, 1.41)
Duration (years)e

  ⩽ 4 13 0.64 (0.36, 1.11) 0.67 (0.38, 1.17)
  5–9 20 0.80 (0.50, 1.26) 0.86 (0.54, 1.35)
  10–14 19 0.83 (0.52, 1.32) 0.86 (0.54, 1.37)
  15–19 8 0.57 (0.28, 1.16) 0.60 (0.29, 1.21)

  ⩾ 20 30 0.99 (0.68, 1.44) 0.97 (0.67, 1.42)

a Hazard ratio estimates were adjusted for attained age.
bHazard ratio estimates were adjusted for attained age, smoking 
(never, former and current) and body mass index.
cNever users of snus.
dAmong current snus users only. The information was only avail-
able for following studies: CWC, MDCS, MONICA, NMC, 
SALT, VIP, and WOLF.
eAmong current snus users only. The information was only avail-
able for following studies: CWC, MONICA, NMC, SALT, VIP, 
and WOLF.
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numbers. Furthermore, studies were concerned with 
different subsites of the head and neck cancers (e.g. 
oral cavity, nasopharynx/paranasal sinuses, orophar-
ynx, hypopharynx and larynx). It is possible that snus 
use is associated with cancers of the hypopharynx 
and larynx, where saliva (and hence carcinogens 
from snus) tends to accumulate, but not with cancers 
of the oral cavity. Differential and insufficient control 
for confounding factors, in particularly of smoking, 
may also explain inconsistencies in study results. In 
fact, residual confounding by smoking may also 
explain the seemingly reduced risk among current 
snus users from our analysis including smokers. This 
is since dual smokers and snus users smoke less on 
average than exclusive smokers, and since we could 
only adjust for smoking status categorized as never, 
former or current. Our analysis restricted to never-
smokers, supporting a null association, is less likely 
to be biased from confounding by smoking dose. 
This may be the reason behind the seemingly reduced 
risk among current smokers in our sample, while the 
analysis restricted to never-smokers, supporting a 
null association, is likely to have eliminated residual 
confounding by smoking dose.

The present study has several strengths, including 
its large sample size, and a diverse study population. 
Additionally, its prospective design minimizes recall 
and selection bias, often afflicting retrospective stud-
ies. In addition to control for confounding by smok-
ing, with two approaches, that is multivariate 
modelling, and restriction of the study population to 
never-smokers – we had the opportunity to further 
control for educational level and alcohol, and again 
the main findings did not change. The study also has 
several limitations. The main limitation is that the 
information on smoking and snus use was self-
reported and only assessed at baseline. This may 
produce biased estimates of the association between 
snus use and oral cancer as a result of measurement 
error (true effect of snus use cannot be retrieved due 
to behaviour changes during long-period follow-up). 
A recent Swedish study showed that 70% of snus 
users at baseline and 55% of smokers continued 
their tobacco use habit after 10 years, which indi-
cates that using snus is a more stable habit than is 
smoking [35]. Moreover, snus was found to be the 
most stable form of tobacco use among a cohort of 
3407 men and women over 13 years of follow-up 
[36]. We were unable to control for all potentially 
confounding factors, including for example, HPV 
infections and occupational exposures (e.g. wood 
dust or nickel) [2]. Finally, we could not address the 
association between snus use and oral cancer among 
women because of their low prevalence of use.

Our findings, from the largest sample to date, do 
not support a role of Swedish snus use in the devel-
opment of oral cancer in men. Risk from Swedish 
snus is clearly less than from smokeless tobacco 
products used in North America and South Asia, but 
this does not imply that snus is harmless. As long as 
the knowledge of the health effects of long-term use 
of snus is limited, recommendation to use snus as 
smoking cessation support is questionable.
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