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Although some authorities consider smoking to be an established risk factor for colorectal cancer, the international literature

is not entirely consistent. Further, only 1 study has addressed the association with smokeless tobacco and none with

Scandinavian moist snuff (snus). This retrospective cohort study included 336,381 male Swedish construction workers with

detailed information on tobacco use at cohort entry in 1971–1992. Complete follow-up through 2007 was accomplished by

means of linkage to population and health registers. Hazard ratios (HRs) and 95% confidence intervals (CIs) derived from Cox

proportional hazards regression models estimated relative risks, adjusted for age and body mass index. Subjects who were

never-users of any tobacco served as reference. After up to 37 years of follow-up, pure smoking was associated with a

marginally increased risk of colon cancer (HR 1.08, 95% CI 0.99–1.19), a modestly elevated risk of rectal cancer (HR 1.16,

95% CI 1.04–1.30) and a substantial excess risk of anal cancer (HR 2.41, 95% CI 1.06–5.48). Snus use was not significantly

associated with an increased risk of colorectal or anal cancer, although the point estimate for colon cancer was similar to that

observed among smokers. Swedish data provide meager support for the association between tobacco use and colorectal

cancer. A general tendency among Swedish men to quit smoking in recent decades might have attenuated true associations.

A link between smoking and anal cancer was confirmed.

While smoking is a well-established risk factor for anal can-
cer,1 its role in the etiology of colon and rectal cancer
remains controversial despite a large number of scientific
reports. Following breast cancer among women and prostate
cancer among men, colorectal cancer is the 2nd most com-
mon type of cancer in both the sexes in Sweden and the 3rd
most common cause of cancer death.2,3 Colorectal cancer is
the 3rd most common cancer in both the sexes in the United
States,4 and in Europe, 412,900 cases were diagnosed and
207,400 deaths were registered in 2006.5 Hereditary syn-
dromes, like familial adenomatous polyposis (FAP) and he-
reditary non-polyposis colorectal cancer (HNPCC), are esti-
mated to account for up to 10% of all cancer cases, whereas
the rest may be caused by environmental and lifestyle fac-
tors.6 Smoking is a known risk factor for adenomas in the
colon and rectum,7,8 the precursor of most tumors,9 with a
relative risk larger than 2 for current compared to never
smokers.8 The inability to establish a firm association
between smoking and colorectal cancer has different explana-

tions such as inclusion of adenomas in the control
group.7,10,11 Smoking has also been proposed to be an initia-
tor of the tumorigenesis, and follow-up for a long time would
be needed to observe an association.12

Sweden has the world’s highest prevalence of Scandina-
vian moist snuff (snus) use and 22% of Swedish males are
daily users of snus.13 One previous study has investigated the
association between smokeless tobacco, in this case chewing
tobacco, and colorectal cancer; it reported a significantly
increased risk of rectal cancer among users but not of colon
cancer.14 The association between snus use and anal cancer
has not been studied.

Data from the Swedish cohort of construction workers
have previously showed no increased risk of colon cancer
and a slightly increased risk of rectal cancer among smokers,
but a long-term effect could not be excluded.15 The aim of
our study with up to 37 years of follow-up was to quantify
the possible association between smoking, the use of snus
and the risk of right- and left-sided colon cancer, rectal can-
cer and anal cancer in a large, well-defined cohort.

Material and Methods
The cohort

The construction industry’s Organization for Working Envi-
ronment, Safety and Health, ‘‘Bygghälsan,’’ offered preventive
health check-ups to all blue- and white-collar workers in the
Swedish construction industry between 1969 and 1993. As
previous papers on tobacco use and colorectal cancer
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incidence have been limited by short follow-up,15 we aimed
to extend the follow-up time. A total of 361,280 construction
workers in the cohort had at least 1 recorded visit between
1971 and 1992 and they were considered eligible for our
study.

Exposure information

Cohort members included in 1971–1975 filled out a 200-item
questionnaire with detailed questions about smoking and
snus use. In connection with their personal visit at the clinic,
answers were double-checked by attending staff. During this
period, non-smokers were instructed to simply skip the ques-
tions regarding smoking habits and move to the snus
questions. Non-response was coded as non-use. However, as
non-response could be attributed not only to non-users but
also to negligent smokers, of whom the latter are more likely
to also inadequately skip the snus question, the paradoxical
consequence could be that never-users of any tobacco might
contain more smokers than the non-smoking snus user
category.16

After a pause during 1976 through 1977, the collection of
smoking and snus information was resumed in 1978 with a
new form filled out directly by the staff. However, at repeated
visits after the primary visit with the new form, the registra-
tion of tobacco use may be incorrect. If the tobacco habits
were unchanged, the staff tended to leave the questions on
tobacco habits unanswered. If so, the cohort member was
incorrectly coded as non-user.

All data were compiled in a computerized central register.
The number of visits for each cohort member ranged from
1 to 13. Because repeated visits were variable in number and
timing, possibly linked to the probability of the studied out-
come, and as the validity of exposure data was uncertain at
repeat visits after 1978, we only used the exposure informa-
tion recorded at the first registered visit, which was defined
as the entry into the cohort.

Follow-up

The national registration numbers (NRNs), unique personal
identifiers assigned to all residents in Sweden, permitted fol-
low-up through linkages to nationwide and essentially com-
plete registers of cancer, the total population, migration and
causes of death. If a NRN could not be found in any of the
latter 3 registers it was deemed to be incorrect and the record
was excluded. The Swedish National Cancer Register, estab-
lished in 1958 and shown to be 96–98% complete,17,18 has
coded malignant tumors according to the 7th revision of
International Classification of Diseases (ICD7). The ICD7
code 153 was used for colon cancer, code 154.0 for rectal
cancer and code 154.1 for anal cancer. Colon cancer was sub-
divided into right-sided (ICD 7 153.0–153.1) and left-sided
(ICD7 153.2–153.3). Each cohort member contributed per-
son-time from the date of first registered visit until the date
of any diagnosis of cancer, death, emigration or December
31, 2007, whichever came first. As we only considered first

cancers, all cohort members recorded with a previous cancer
at time of entry were excluded. Only clinically diagnosed
colorectal or anal cancers were counted, and those identified
incidentally during autopsy were not taken into account.

Statistical analysis

Cox proportional hazards regression models estimated hazard
ratios (HRs) with corresponding 95% confidence intervals
(CIs) as measures of relative risk, using attained age (in
years) as the time scale. In addition to the inherent adjust-
ment for age, all models were adjusted for body mass index
(BMI, kg/m2) at entry categorized into quartiles (<25,
25–29.9, �30). Cigarette smoking was categorized into 5
classes (0, 1–4, 5–14, 15–24, �25 cigarettes/day) and cigar
smoking into 3 classes (0, 1–7, �8 cigars/day); whereas, pipe
smoking was divided into 4 classes (0, 1–29, 30–99, �100 g/
week). The categorization was initially the same as in the
previously mentioned paper from this cohort,15 but the cate-
gorization of cigar smoking was reduced from 5 to 3 classes
due to small numbers. The use of snus was only dichotom-
ized (use vs. non-use).

We grouped tobacco-using cohort members into pure
smokers, pure snus users, and combined smokers and snus
users. Never-users of any tobacco were used as the reference
group in all analyses. The assumption of proportional haz-
ards for tobacco use and covariates was examined by the
method of Shoenfeld’s partial residuals; there was no indica-
tion of violation of this assumption for any of the variables
in the regression models.19

At study entry, the participants reported the duration of
tobacco use. Cigarette smoking duration was categorized into
1–14, 15–24 and �25 years, while duration of snus use was
divided into 1–9, 10–24 and �25 years. As snus users were
younger at study entry, we chose to use different categoriza-
tions for cigarette smokers and snus users. To better evaluate
the importance of the total duration of tobacco use on the
risk of colorectal and anal cancer, we estimated the total du-
ration of cigarette smoking by adding follow-up time to self-
reported duration of cigarette smoking at study entry assum-
ing a continued use throughout the follow-up period. The
estimated total duration of cigarette smoking was categorized
into 1–29, 30–39, 40–49 and �50 years. Similarly, we catego-
rized estimated total duration of snus use into 1–24, 25–34,
35–44 and �45 years. The hazard ratios related to the esti-
mated durations were calculated using time-dependent
models.

To estimate a possible ‘‘healthy workers effect,’’ we com-
puted the standardized incidence ratios (SIR) for colorectal
cancer in the construction workers cohort. The number of
expected events in the cohort was calculated by multiplying
the age-, sex- and calendar year–specific incidence rate
(expected rate) in the general population by the person-time
accrued in corresponding strata in the cohort. The number
of observed events was divided by the number of expected
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events, producing a SIR with 95% CIs, assuming that the
observed events followed a Poisson probability distribution.20

Sensitivity analysis

As previously mentioned, the questions about tobacco use
were suboptimal in 1971–1975 because it was impossible to
distinguish between non-use and non-response. As this could
potentially bias the results, some studies using this cohort
have chosen to only include recorded visits after 1977. How-
ever, given that previous papers on tobacco use and colo-
rectal cancer incidence have been limited by short follow-up,
we aimed to have as long follow-up time as possible and
used data recorded in 1971–1975. In a sensitivity analysis, we
included only cohort members with visits after 1977 and
used the exposure information recorded at their first regis-
tered visit after this date.

SAS statistical software (release 9.2) was used in the analy-
ses. The study was approved by the Stockholm Ethics Review
Board.

Results
The analyses were restricted to men (n ¼ 343,822), as less
than 5% (n ¼ 17,458) of the participants were women. Addi-
tionally, 7,441 men were excluded due to various reasons;
incorrect NRN (n ¼ 388), history of cancer (n ¼ 1,229),
death (n ¼ 27) or emigration (n ¼ 2,765) before entry or
missing information regarding BMI (body mass index) (n ¼
3,032), leaving 336,381 male workers for our final analyses.
The cohort was followed for up to 37 years (mean 24, quar-
tile [Q] 1 ¼ 19 years, median 25 years and Q3 ¼ 29 years)
corresponding to 8,208,741 person-years under observation.
The mean age at entry was 35 years (range 15–82 years, Q1
¼ 24 years, median 31 years, and Q3 ¼ 44 years). Table 1
shows characteristics of the cohort members by age catego-

ries. Overall, 42% of the workers were ever smokers at time
of entry, 12% were only snus users, 16% were combined
smokers and snus users and the rest never-users of tobacco.
The prevalence of isolated snus use was higher among young
workers at study inclusion.

A total of 2,552 cohort members were diagnosed with colon
cancer during follow-up: 1,179 cancers were right-sided, 937
left-sided and 436 had no registered subsite (Table 2). SIR for
colon cancer in the total cohort, compared to the general
Swedish male population of the same ages and during the same
calendar periods, was 0.95 (95% CI 0.92–0.99). A small risk
elevation by 8% for colon cancer was observed among pure
smokers, just short of being statistically significant (Table 2).
The point estimate of the excess (8%) was of similar magnitude
among snus users, but it was farther from reaching statistical
significance. Division of total colon cancer into right- and left-
sided revealed a general tendency toward somewhat higher rel-
ative risks for the latter. However, although a 30% excess of
left-sided colon cancer among combined users of smoking and
smokeless tobacco attained statistical significance, the differen-
ces between right- and left-sided colon cancers were non-sig-
nificant. There were 1,863 cases of rectal cancer; SIR in the
total cohort was 0.99 (95% CI 0.94–1.03). Among smokers the
risk of rectal cancer was increased by a significant 16%, while
the excess was only 5% (nonsignificant) among snus users.
However, the difference between smokers and snus users was
not statistically significant. Among 53 cases with anal cancer,
31 cases were pure smokers with a statistically significantly ele-
vated HR of 2.4. There were no indications of any association
between isolated snus use and risk of anal cancer but we only
observed 1 exposed case.

Table 3 elaborates on the associations by types of smoking
tobacco and duration of cigarette smoking. Overall, there was
a tendency for dose-response in the association with colon

Table 1. Characteristics of the male Swedish Construction Workers Cohort

Age at
entry
(yrs)

Number
of men

Year of entry (%) No. of tobacco users (%)

Person-years
of follow-up1971–75 1978–84 1985–93

Never
users

Snus
users1 Smokers2

Both
smokers and
snus users

<30 155,082 39,956 (26) 57,523 (37) 57,603 (37) 55,134 (36) 30,448 (20) 45,677 (29) 23,823 (15) 3,865,880

30–34 41,364 16,838 (41) 15,993 (39) 8,533 (21) 10,659 (26) 3,339 (8) 19,070 (46) 8,296 (20) 1,107,251

35–39 32,682 13,524 (41) 12,487 (38) 6,671 (20) 8,530 (26) 1,862 (6) 16,556 (51) 5,734 (18) 856,630

40–44 26,797 12,336 (46) 8,839 (33) 5,622 (21) 7,178 (27) 1,195 (4) 14,193 (53) 4,231 (16) 679,857

45–49 23,162 12,508 (54) 6,730 (29) 3,924 (17) 6,116 (26) 892 (4) 12,774 (55) 3,380 (15) 561,634

50–54 22,112 13,650 (62) 5,991 (27) 2,471 (11) 5,579 (25) 909 (4) 12,289 (56) 3,335 (15) 494,739

55–59 19,650 12,489 (64) 5,513 (28) 1,648 (8) 4,840 (25) 1,154 (6) 10,789 (55) 2,867 (15) 385,006

60–64 13,544 9,368 (69) 3,372 (25) 804 (6) 3,401 (25) 983 (7) 7,234 (53) 1,926 (14) 228,539

�65 1,988 1,779 (89) 159 (8) 50 (3) 522 (26) 150 (8) 1,056 (53) 260 (13) 29,206

Overall 336,381 132,448 (39) 116,607 (35) 87,326 (26) 101,959 (30) 40,932 (12) 139,638 (42) 53,852 (16) 8,208,741

1Pure snus users (never smokers). 2Pure smokers (never snus users).
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cancer, seemingly more evident for right-sided than for left-
sided colon cancer. Even though significantly increased risks
for rectal cancer were seen among cigarette and cigar smok-
ers, this dose-response was less evident. The greatest risk
increase for rectal cancer (71%) was seen among cigar users,
based on 31 exposed cases. Smokers of cigarettes and pipes
had substantially increased point estimates of relative risk for
anal cancer, although based on few cases, and statistically
nonsignificant for pipe smokers.

Table 4 shows associations between colorectal/anal cancer
risk and snus use by self-reported duration at study entry
and by estimated total duration. Although the highest relative
risk estimates were seen for left-sided colon cancers, only one
of the estimates attained statistical significance, and no clear
dose-response patterns emerged.

Sensitivity analysis

In the sensitivity analysis that only considered exposure data
collected at the first visit after 1997, 20,740 workers were
excluded (14,982 women, 334 with incorrect NRN, 4,032
with cancer/death/emigration before entry and 1,392 with
missing information on BMI), leaving 279,897 for the final
analysis. For 203,933, the first visit after 1977 was also their
first encounter with ‘‘Bygghälsan.’’ The relative risk of colon
cancer was 1.08 (95% CI 0.96–1.21) among smokers and 0.97
(95% CI 0.76–1.24) among snus users. The corresponding
estimates for rectal cancer were 1.15 (95% CI 1.00–1.31) and
1.13 (95% CI 0.87–1.49), respectively. The relative risk of
anal cancer among smokers was 2.4 (95% CI 0.96–5.78). The
estimates in subanalyses were similar to those presented for
the entire cohort (data not shown).

To get an approximation of possible misclassification of
tobacco use, we compared exposure data in workers who had
registered visits both before and after 1977. Among 39,234
workers who were classified as never smokers at their first
visit in 1971–1975, 1,447 (3.7%) were coded as ex- or current
smokers at their first visit after 1977. Among 101,215, ini-
tially categorized as never-users of snus 4,224 (4.2%) were
subsequently classified as snus users. With a mean interval of
7.5 years, 5,312 (10.7%) out of 49,817 workers reporting cur-
rent smoking at their first visit in 1971–1975 were classified
as ex-smokers at the first visit after 1977.

Discussion
This large cohort study showed an unimpressive association
of colon cancer with smoking, just short of being statistically
significant overall but seemingly mainly confined to heavy
and long-term smokers. We did not find persuasive evidence
of differential relationships for right- and left-sided colon
cancers. However, the association of smoking with rectal can-
cer was somewhat stronger than that with colon cancer but
with less apparent dose-response in regard to amount and
duration. While we were unable to statistically confirm a sim-
ilar relationship of colon cancer with snus use, the risk of
type II error must be kept in mind because the number ofTa
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pure users of snus was smaller. Generally, the point estimates
of relative risk among snus users were not dramatically dif-
ferent from those observed among smokers. The difference
between smoking and snus use was more persuasive (albeit
not statistically confirmed) in regard to risks of rectal and
anal cancer, the latter being a low-incidence type of cancer
that is known to be associated with smoking and anatomi-
cally close to colon and rectum.1,21–25 As expected, we found
an increased risk among smokers but not among snus users.
The relative risk estimate among snus users, however, was
very imprecise.

During the last decades, several researchers have investi-
gated the risk of colorectal cancer in relation to smoking.
Contradictive results have been reported, but the data of ade-
noma and smoking have been fairly consistent. In a review
in 2001, Giovannucci concluded that 21/22 studies described
a 2- to 3-fold increased risk of colorectal adenoma associated
with long-term heavy smoking.26 This was verified by Botteri
in 2008.8 Before the 1980s, no clear association between
smoking and colorectal cancer was shown, and, in 1986, the
International Agency for Research on Cancer (IARC) con-
cluded that, based on existing evidence, tobacco smoking was
not a risk factor for colorectal cancer.27 However, during the
latest decade, accumulating evidence suggests that colorectal
cancer is a tobacco-associated malignancy28–36 and that the
inability to confirm this association might be due to too short
period of follow-up.26 One study reported earlier onset of
colorectal cancer among smokers and has initiated a discus-
sion of smoking as a marker of high risk in screening
programs.37

However, meta-analyses may be limited by publication
bias, and we did not know whether the results were applica-
ble to the Swedish population. Previously, no association
with colon cancer, and a small excess risk of rectal cancer,
was reported from the same cohort as in the present study,
at that time based on 713 and 505 cases of colon and rectal
cancer observed during a maximum of 20 years of follow-up
(mean 17.6 years).15 To gain sufficient follow-up time and
increase statistical power, we undertook the present study,
with an addition of 16 years of follow-up and inclusion of
workers up through 1992. As we aimed to have as long fol-
low-up as possible, we chose to use information from 1971
to 1975, despite possible misclassification of smoking status.
However, a comparison of data collected before and after
1977 suggested that the importance of possible misclassifica-
tion in 1971–1975 was small, and the sensitivity analysis,
including only cohort members with visits after 1977, indi-
cated that our main results were robust. Our outcome infor-
mation was trustworthy because of the prospective design,
precise record linkages using the NRNs as identifiers (and
thus virtually complete follow-up), and the excellent accuracy
of the Swedish cancer register.17,18

To our knowledge, this is the first cohort study that has
investigated associations between smoking, snus use and the
risk of colon cancer by subsite. Possible subsite-specificTa
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associations with smoking have previously been addressed
in 4 case-control studies,38–41 but no subsite was signifi-
cantly associated with smoking. Our study did not reveal
any significant difference between right- and left-sided colon
cancers, although point estimates of relative risk, both
among smokers and snus users, tended to be higher for
left-sided cancer. Moreover, a significant 30% risk elevation
for left-sided cancer was observed among combined smok-
ers and snus users. On the other hand, while a fairly con-
vincing positive relationship between estimated total dura-
tion of habit and risk of left-sided, but not right-sided,
colon cancer was noted among snus users, dose-response
patterns among smokers tended to be clearer for right-sided
than for left-sided cancers. Thus, our results do not provide
any unequivocal support for differential relationships with
right- and left-sided colon cancers among smokers, whereas
preferential occurrence of colon cancer in the left part can-
not be excluded in long-term snus users. However, the lat-
ter results were imprecise, and multiple significance testing
may have generated borderline significant results by chance,
though larger studies seem warranted.

The mechanisms behind a possible causal relationship
between tobacco use and colorectal cancer development
remain speculative. Smoking is associated with microsatellite
instability (MSI),33,42 but it has also been hypothesized that
the association between smoking and colon cancer is inde-
pendent of MSI status, explained by methylation of CpG
islands and BRAF mutations.43 Smokers have a longer colo-
nic transit time than non-smokers,44 and a longer exposure
of carcinogenic substances in the stool might affect the risk
of cancer. In a human colon cancer cell line, cigarette smoke
extract has been shown to induce the release of factors capa-
ble of promoting angiogenesis, and proliferation of human
umbilical vascular endothelial cells was also observed.45 It
has, further, been suggested that a possible carcinogenic effect
of cigarette smoke is mediated by the systemic circulation
and not a direct effect.46 The mechanistic link with smokeless
tobacco, if any, remains to be delineated.

It has been proposed that the induction and latency pe-
riod for colorectal cancer after tobacco smoke exposure might
be as long as 40 years.26 We, therefore, estimated total smok-
ing duration by adding years of follow-up to the smoking du-
ration that was self-reported at entry into the cohort.
Although this doubtlessly introduces some misclassification
because many smokers may have changed their habit, the
risk of colon cancer seemed to increase with estimated total
smoking duration, whereas this pattern could not be con-
firmed for rectal cancer. Similarly, a relationship between

reported number of cigarettes per day and risk was more
apparent for colon cancer than for rectal cancer.

Overall, our results are mostly nonsignificant and the
excesses so small that they could be explained by confound-
ing from unmeasured factors. Although the restriction to
male construction workers has reduced the scope for con-
founding by factors related to socioeconomic status and
occupation, there were no data on other possible confounders
such as e.g., diet, alcohol intake and NSAID use. Physical ac-
tivity is inversely associated with risk of colon cancer, but
does not affect rectal cancer risk.47 Large variations in physi-
cal activity are unlikely in this rather homogenous cohort of
construction workers, but smokers are known to perform less
physical activity than non-smokers.48 Hence, changes in
physical activity might be in the causal pathway. With SIRs
of 0.95 and 0.99 for colorectal cancer in the entire Construc-
tion Worker cohort, there is no obvious healthy worker effect
that needs to be considered when our results are to be gener-
alized to wider populations.

The smoking prevalence among Swedish men has plunged
in the last decades, and the incidence of voluntary smoking
cessation has increased correspondingly. Unrecorded smoking
cessation might partly explain our inability to find a clear
association between smoking and colorectal cancer. However,
heavy smokers are less likely to quit,49–51 and our own data
indicate that less than 11% of pure smokers in 1971–1975
quitted during a mean follow-up of 7.5 years. Anal cancer,
for which there is an established association between smoking
and its incidence, serves as a positive control, and the
increased risk of anal cancer associated with smoking contra-
dicts an important underestimation of the association
between smoking and colorectal cancer.

IARC has classified snus as a class I carcinogenic sub-
stance mainly based on in vitro studies and animal models.
So far, snus has been shown to accelerate the growth of gas-
tric malignancies in mice,52 and significantly increased risks
have been seen for pancreatic cancer53,54 and esophageal can-
cer.16 This is the first study analyzing the association between
Swedish snus and colorectal and anal cancer, and although
the results were nonsignificant, the pattern of the point esti-
mates for colon cancer was similar to the pattern among
smokers.

Our results from a large and homogenous cohort of
Swedish male construction workers with up to 37 years of
follow-up do not convincingly support an important role of
tobacco use in the etiology of colorectal cancer. As
expected, an increased risk of anal cancer was associated
with smoking.
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