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Abstract: Background: Alcohol and tobacco strongly increases the risk of cancers of the tongue,
mouth, pharynx, larynx, and oesophagus, and are also established risk factors for cancer of the
liver, colon, and rectum. It is well documented that these habits are unequally distributed among
occupational groups. Most occupational cohort studies lack information on these potentially
important confounders, and may therefore be prone to bias. Aim: The aim of the study is to present
Nordic standardized incidence ratios (SIRs) for alcohol and tobacco related cancer by occupation,
after adjustment for alcohol and tobacco, and to compare to the unadjusted SIRs. Material and Methods:
The study is based on the Nordic Occupational Cancer (NOCCA) database. We used confirmatory
factor analysis models for simultaneous analysis of the cancer sites related to alcohol and tobacco,
to obtain factors that allow for computation of adjusted expected numbers from the reference rates.
We then calculated adjusted SIRs for the relevant cancer sites for each occupation. Results: For some
occupations and cancers, the changes of risk estimates were striking, from significantly high to
significantly low and vice versa. Among Nordic farmers, unadjusted SIRs for cancer of the mouth and
oesophagus were 0.56 (95% confidence interval (CI) 0.51–0.61) and 0.67 (CI 0.63–0.70), respectively.
After adjustment, estimates changed to 1.10 (CI 1.01–1.21) and 1.16 (CI 1.10–1.22). Unadjusted SIR for
pharynx cancer among wood workers was 0.83 (CI 0.75–0.91), adjusted SIR was 1.14 (CI 1.03–1.25). For
larynx cancer, results in the opposite direction were seen: unadjusted SIR for economically inactive
was 1.38 (CI 1.31–1.46) while the adjusted SIR was 0.91 (CI 0.86–0.96). Conclusions: Adjustment for the
latent indicators of alcohol and tobacco consumption changed risk estimates for several occupations,
gave a less confounded description of risk, and may guide in the identification of true risk factors.
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1. Introduction

Alcohol and tobacco are strong risk factors, alone or in combination, for many types of
cancer [1], and it has regularly been observed that these risk factors are unevenly distributed between
occupations [2–6]. It is thus reasonable to expect that tobacco and alcohol may confound, more or less
strongly, the association between occupation and cancer risk.

This potential confounding is a well-known problem in occupational cancer research, as in record
linkage studies based on registry data computing standardized incidence or mortality ratios.

Several methods to account for this have been suggested and tested [7–16]. The availability of
survey data on alcohol and tobacco habits allows for direct adjustments, while in indirect methods
of adjustment one may select a reference group with presumed similar habits, rely on hypothetical
distributions of alcohol and smoking habits, or use other smoking/alcohol related causes of death
as comparison. Here, we applied a recently developed method for adjusting for alcohol and tobacco
on a large occupational cohort of Nordic men and women. The aim was to assess the occupationally
related risk of cancer at sites related to alcohol and tobacco consumption, after having adjusted for the
effects of tobacco and alcohol.

2. Material and Methods

The study is based on the Nordic Occupational Cancer (NOCCA) database, previously described
by Pukkala and co-workers [17]. Briefly, this database comprises a cohort of 7.4 million men and
7.5 million women from Denmark, Finland, Iceland, Norway, and Sweden identified from the national
censuses performed between 1960 and 1990. Occupational information was coded according to the
Nordic Occupational Classification (NYK) [18], which is a Nordic adaptation of the International
Standard Classification of Occupations (ISCO) [19]. Codes were classified into 53 relatively specific
occupational categories, and 1 additional category of economically inactive persons. Data was linked
to the respective national cancer registries and follow-up for cancer was done until 2003 (Denmark and
Norway), 2004 (Iceland), or 2005 (Finland and Sweden), accumulating 184.9 million and 199.5 million
person-years for men and women, respectively.

The cancer sites included are those previously evaluated by the International Agency for Research
on Cancer (IARC) to be associated to tobacco and alcohol consumption [1], i.e., cancers of the tongue,
mouth, pharynx, larynx, oesophagus, liver, colon, and rectum. No data on consumption of alcohol
and tobacco was available for all occupational groups in all five Nordic countries, and we used the
incidence pattern of the relevant cancer types and confirmatory factor analysis models to estimate the
effect on cancer risk ascribed to alcohol and tobacco. The method has been described in detail and
tested by Haldorsen et al. [20] on a national cohort of Norwegian men from the 1970 census [21]. For
an in-depth description of the methodology we refer to Haldorsen et al. [20].

Briefly, the pattern of risk at all cancer sites related both to alcohol and tobacco was considered to
be the manifest (observed) expression of a latent (unobserved, common) variable for the combined
effect of exposure, while a latent site specific (unique) factor allowed for the possible cancer site
specific effect in each occupational group. The estimated factor loadings in the confirmatory factor
analysis were then considered to represent the effect of exposure. From the final measurement models,
predicted values for the common factor were computed by empirical Bayes’ means, and predicted
values for the common factor and the estimated factor loadings were finally used to compute adjusted
expected values. SIRs were computed separately for each country and gender, and finally combined
into Nordic adjusted SIRs for each of the cancer sites.
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3. Results

Results will be presented by cancer site for men and women, respectively, focusing on the
direction and size of SIR changes with adjustment. Graphical illustrations of the changes in risk
estimates are shown in Figures 1–12, detailed results with SIRs and 95% confidence intervals are shown
in Tables S1–S14.

3.1. Cancer of the Tongue, Mouth, and Pharynx in Men

Among the 16 groups with initial high SIRs of tongue cancer, only artistic workers remained
at significantly elevated risk after adjustment for alcohol and tobacco (unadjusted SIR 2.05 (95%
confidence interval (CI) 1.54–2.66) changed to SIR 1.35 (CI 1.02–2.75)) (Figure 1). Some of the
adjustments were dramatic, from SIRs between 3 and 5 to less than 1.3 (waiters and beverage workers).
The SIR observed among dentists (unadjusted SIR 1.59 (CI 0.91–2.58) increased to 1.77 (CI 1.01–2.88)
with adjustment. No occupational group had significantly low risk of tongue cancer after adjustment
for alcohol and tobacco.

The occupational groups of seamen, painters, cooks and stewards, and waiters all persistently had
significantly elevated risk for cancer of the mouth after adjustment for alcohol and tobacco (Figure 2).
Again, some groups showed dramatic changes from unadjusted SIRs between 3 and 5 to less than 1.5
(waiters and cooks and stewards). For artistic workers, journalists, sale agents, the combined group
of other construction workers, bricklayers, printers, beverage workers, the group of other workers,
and the economically inactive, the SIRs were no longer significantly elevated. In the opposite direction,
the initial low risk among teachers, gardeners, forestry workers, and wood workers increased with
adjustment, and was no longer different from the null value. For farmers, however, the unadjusted
significantly low risk increased to a marginally significantly high risk with adjustment (SIR 0.56 (CI
0.51–0.61) changed to 1.10 (CI 1.01–1.21)). After adjustment, drivers and packers appeared with
lowered risks (SIR 0.80 (CI 0.72–0.89) and 0.85 (CI 0.73–0.98), respectively).
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Figure 1. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the tongue 
among 7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005. 
Figure 1. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the tongue
among 7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005.
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Figure 2. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the mouth 
among 7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005. 

Of the 18 groups with significantly excess risk of pharyngeal cancer before adjustment, only 
artistic workers had persisting elevated risk after adjustment (SIR 2.24 (CI 1.85–2.69) changed to 1.37 
(CI 1.13–1.64)) (Figure 3). In waiters, cooks and stewards, and beverage workers, unadjusted SIRs 
between 2 and 7 became practically normalised (SIRs between 0.94 and 1.16). Among forestry 
workers and public safety workers, risk remained low (adjusted SIRs of 0.76 (CI 0.61–0.95) and 0.74 
(CI 0.60–0.91), respectively). For wood workers, a change in estimate from significantly low to 
significantly high was seen (SIR changed from 0.83 (CI 0.75–0.91) to 1.14 (CI 1.03–1.25)) with 
adjustment.  

Figure 2. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the mouth among
7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005.

Of the 18 groups with significantly excess risk of pharyngeal cancer before adjustment, only artistic
workers had persisting elevated risk after adjustment (SIR 2.24 (CI 1.85–2.69) changed to 1.37 (CI
1.13–1.64)) (Figure 3). In waiters, cooks and stewards, and beverage workers, unadjusted SIRs between
2 and 7 became practically normalised (SIRs between 0.94 and 1.16). Among forestry workers and
public safety workers, risk remained low (adjusted SIRs of 0.76 (CI 0.61–0.95) and 0.74 (CI 0.60–0.91),
respectively). For wood workers, a change in estimate from significantly low to significantly high was
seen (SIR changed from 0.83 (CI 0.75–0.91) to 1.14 (CI 1.03–1.25)) with adjustment.
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Figure 3. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the pharynx 
among 7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005. 

3.2. Cancer of the Tongue, Mouth, and Pharynx in Women 

For women, combined analyses for cancers of the mouth, tongue, and pharynx were performed 
due to low numbers, to obtain statistical stability. For artistic workers, journalists, and waiters, risk 
estimates remained significantly elevated after adjustment (Figure 4). For artistic workers, SIR 
changed from 1.74 (CI 1.26–2.32) to 1.49 (1.09–1.99). Journalists had an unadjusted SIR of 2.07 (CI 
1.31–3.11) changing to 2.01 (CI 1.28–3.02) after adjustment. Waiters’ SIR was lowered from 1.67 (CI 
1.46–1.90) to 1.22 (CI 1.07–1.39). For clerical workers, tobacco workers, packers, and building 
caretakers the unadjusted significant elevations disappeared after adjustment for alcohol and 
tobacco. The significantly low SIRs among nurses, gardeners, and domestic assistants, on the other 
side, were not different from unity after adjustment. For female farmers, however, the significantly 
low SIR of 0.80 (CI 0.70–0.90) increased to 1.16 (1.02–1.31). For dentist, the risk was stably but non-
significantly elevated (SIR 1.44 (CI 0.84–2.31) and 1.38 (CI 0.80–2.21)). 

Figure 3. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the pharynx
among 7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005.

3.2. Cancer of the Tongue, Mouth, and Pharynx in Women

For women, combined analyses for cancers of the mouth, tongue, and pharynx were performed
due to low numbers, to obtain statistical stability. For artistic workers, journalists, and waiters,
risk estimates remained significantly elevated after adjustment (Figure 4). For artistic workers, SIR
changed from 1.74 (CI 1.26–2.32) to 1.49 (1.09–1.99). Journalists had an unadjusted SIR of 2.07 (CI
1.31–3.11) changing to 2.01 (CI 1.28–3.02) after adjustment. Waiters’ SIR was lowered from 1.67 (CI
1.46–1.90) to 1.22 (CI 1.07–1.39). For clerical workers, tobacco workers, packers, and building caretakers
the unadjusted significant elevations disappeared after adjustment for alcohol and tobacco. The
significantly low SIRs among nurses, gardeners, and domestic assistants, on the other side, were not
different from unity after adjustment. For female farmers, however, the significantly low SIR of 0.80 (CI
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0.70–0.90) increased to 1.16 (1.02–1.31). For dentist, the risk was stably but non-significantly elevated
(SIR 1.44 (CI 0.84–2.31) and 1.38 (CI 0.80–2.21)).Int. J. Environ. Res. Public Health 2018, 15, x 7 of 23 

 

 
Figure 4. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the 
tongue/mouth/pharynx among 7,454,847 women in the Nordic countries, by occupation. Follow up 
1961–2005. 

3.3. Laryngeal Cancer in Men 

Unadjusted, altogether 22 of the 53 + 1 occupational groups had significantly elevated SIRs for 
cancer of the larynx (Figure 5). After adjustment for alcohol and tobacco, only half of these had 
persisting elevations: fishermen, drivers, smelting workers, mechanics, electrical workers, other 
construction workers, chemical process workers, food workers, glass makers, engine operators, and 
building caretakers. Of the eight occupational groups with low unadjusted risk estimates, risk stayed 
significantly low for five: technical workers, laboratory assistants, teachers, the combined group of 
religious, juridical, and other academic workers, and farmers. Artistic workers and administrators 
had significantly low risk after adjustment. 

Figure 4. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the tongue/
mouth/pharynx among 7,454,847 women in the Nordic countries, by occupation. Follow up 1961–2005.

3.3. Laryngeal Cancer in Men

Unadjusted, altogether 22 of the 53 + 1 occupational groups had significantly elevated SIRs for
cancer of the larynx (Figure 5). After adjustment for alcohol and tobacco, only half of these had
persisting elevations: fishermen, drivers, smelting workers, mechanics, electrical workers, other
construction workers, chemical process workers, food workers, glass makers, engine operators,
and building caretakers. Of the eight occupational groups with low unadjusted risk estimates, risk
stayed significantly low for five: technical workers, laboratory assistants, teachers, the combined group
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of religious, juridical, and other academic workers, and farmers. Artistic workers and administrators
had significantly low risk after adjustment.Int. J. Environ. Res. Public Health 2018, 15, x 8 of 23 

 

 
Figure 5. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the larynx 
among 7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005. 

3.4. Laryngeal Cancer in Women 

Mechanics, public safety workers, and building caretakers remained at significantly elevated 
risk after adjustment (Figure 6). For electrical workers, printers, food workers, cooks and stewards, 
hairdressers, and other workers, risk was lowered to non-significant elevations between 12% and 
38%. Among the groups with initial low SIRs, only nurses remained at significantly low risk after 
adjustment (SIR changed from 0.30 (CI 0.16–0.52) to 0.49 (CI 0.26–0.84) with adjustment), while for 
farmers and gardeners the adjusted risk was no longer different from unity. For clerical workers, the 
occupational group contributing the largest number of cases, a significantly low risk for larynx cancer 
appeared after adjustment (SIR 0.84, CI 0.74–0.95). 

Figure 5. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the larynx among
7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005.

3.4. Laryngeal Cancer in Women

Mechanics, public safety workers, and building caretakers remained at significantly elevated
risk after adjustment (Figure 6). For electrical workers, printers, food workers, cooks and stewards,
hairdressers, and other workers, risk was lowered to non-significant elevations between 12% and
38%. Among the groups with initial low SIRs, only nurses remained at significantly low risk after
adjustment (SIR changed from 0.30 (CI 0.16–0.52) to 0.49 (CI 0.26–0.84) with adjustment), while for
farmers and gardeners the adjusted risk was no longer different from unity. For clerical workers,
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the occupational group contributing the largest number of cases, a significantly low risk for larynx
cancer appeared after adjustment (SIR 0.84, CI 0.74–0.95).Int. J. Environ. Res. Public Health 2018, 15, x 9 of 23 

 

 
Figure 6. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the larynx 
among 7,454,847 women in the Nordic countries, by occupation. Follow up 1961–2005. 

3.5. Oesophageal Cancer in Men 

Consistently significantly high risk of oesophagus cancer was seen for drivers, mechanics, other 
constructions workers, food workers, beverage workers, packers, other workers, and those 
economically inactive (Figure 7). Consistently low risk, on the other hand, was seen for technical 
workers, physicians, dentists, other health workers, teachers, the group of religious, juridical, and 
other academic workers, clerical workers, and transport workers. Farmers and gardeners both 
changed profile from significantly low to significantly high risk after adjusting for alcohol and 
tobacco. Hairdressers had significantly low risk after adjustment (SIR 0.74 (CI 0.54–0.99)). 

Figure 6. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the larynx among
7,454,847 women in the Nordic countries, by occupation. Follow up 1961–2005.

3.5. Oesophageal Cancer in Men

Consistently significantly high risk of oesophagus cancer was seen for drivers, mechanics,
other constructions workers, food workers, beverage workers, packers, other workers, and those
economically inactive (Figure 7). Consistently low risk, on the other hand, was seen for technical
workers, physicians, dentists, other health workers, teachers, the group of religious, juridical, and other
academic workers, clerical workers, and transport workers. Farmers and gardeners both changed
profile from significantly low to significantly high risk after adjusting for alcohol and tobacco.
Hairdressers had significantly low risk after adjustment (SIR 0.74 (CI 0.54–0.99)).
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Figure 7. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the esophagus 
among 7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005. 

3.6. Oesophageal Cancer in Women  

The unadjusted SIRs for oesophageal cancer showed quite small variation between occupations, 
and in general, risk estimates changed only moderately when adjusting for alcohol and tobacco 
(Figure 8). The unadjusted SIR for waiters was 1.35 (1.12–1.62), which was reduced to 1.04 (CI 0.84–1.24) 
after adjustment. Assistant nurses, teachers and farmers had significantly low risk before adjustment, 
which among the two former changed only moderately to non-significantly low. Among farmers, 
however, SIR was non-significantly above unity (SIR 1.11 (CI 0.96–1.27)) after adjustment.  

Figure 7. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the esophagus
among 7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005.

3.6. Oesophageal Cancer in Women

The unadjusted SIRs for oesophageal cancer showed quite small variation between occupations,
and in general, risk estimates changed only moderately when adjusting for alcohol and tobacco
(Figure 8). The unadjusted SIR for waiters was 1.35 (1.12–1.62), which was reduced to 1.04 (CI
0.84–1.24) after adjustment. Assistant nurses, teachers and farmers had significantly low risk before
adjustment, which among the two former changed only moderately to non-significantly low. Among
farmers, however, SIR was non-significantly above unity (SIR 1.11 (CI 0.96–1.27)) after adjustment.
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Figure 8. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the esophagus
among 7,454,847 women in the Nordic countries, by occupation. Follow up 1961–2005.

3.7. Liver Cancer in Men

After adjustment, the elevated SIRs for liver cancer remained significantly high among journalists
(1.29 (CI 1.01–1.62)), sales agents (1.12 (CI 1.05–1.19)), and plumbers (1.22 (CI 1.05–1.41)) (Figure 9).
For miners and quarry workers and for public safety workers, risk increased after adjustment to
significantly elevated SIRs of 1.24 (CI 1.01–1.51) and 1.15 (CI 1.01–1.29), respectively. Only two
occupational groups had significantly low risk after adjustment for alcohol and tobacco; farmers with
an SIR of 0.86 (CI 0.81–0.91) and other construction workers with SIR of 0.89 (CI 0.82–0.96).
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Figure 9. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the liver among 
7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005. 

3.8. Liver Cancer in Women 

The unadjusted significantly elevated risks of liver cancer among smelting workers and building 
caretakers remained high after adjustment (SIRs changed from 2.11 (CI 1.09–3.68) to 1.95 (CI 1.01–3.41) 
and from 1.21 (CI 1.12–1.31) to 1.10 (CI 1.01–1.19), respectively) (Figure 10). The elevated risk among 
tobacco workers, waiters, and launderers disappeared after adjustment.  

Teachers and farmers remained at a significantly low risk for liver cancer after adjustment for 
alcohol and tobacco, while for the group religious, juridical, and other academic workers, and among 
gardeners the SIRs increased to unity.  

Figure 9. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the liver among
7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005.

3.8. Liver Cancer in Women

The unadjusted significantly elevated risks of liver cancer among smelting workers and building
caretakers remained high after adjustment (SIRs changed from 2.11 (CI 1.09–3.68) to 1.95 (CI 1.01–3.41)
and from 1.21 (CI 1.12–1.31) to 1.10 (CI 1.01–1.19), respectively) (Figure 10). The elevated risk among
tobacco workers, waiters, and launderers disappeared after adjustment.

Teachers and farmers remained at a significantly low risk for liver cancer after adjustment for
alcohol and tobacco, while for the group religious, juridical, and other academic workers, and among
gardeners the SIRs increased to unity.
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changes in the risk estimates for colon cancer (Figure 11). For altogether 13 of the total 25 groups with 
initial significantly elevated risk, the high risk persisted after adjustment. These groups were 
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chimney sweeps, and military personnel. SIR increased to the level of significance in teachers (SIR 
1.08 (CI 1.04–1.13)). Consistently low risk was seen among farmers, gardeners, fishermen, and 
forestry workers, as well as for wood workers, other construction workers, food workers, and for 
other workers.  

Figure 10. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for cancer of the liver among
7,454,847 women in the Nordic countries, by occupation. Follow up 1961–2005.

3.9. Colon Cancer in Men

For most occupational groups, adjustment for alcohol and tobacco caused only relatively small
changes in the risk estimates for colon cancer (Figure 11). For altogether 13 of the total 25 groups with
initial significantly elevated risk, the high risk persisted after adjustment. These groups were technical
workers, physicians, religious, juridical, and other academic workers, administrators, clerical workers,
sales agents, shop workers, drivers, postal workers, printers, public safety workers, chimney sweeps,
and military personnel. SIR increased to the level of significance in teachers (SIR 1.08 (CI 1.04–1.13)).
Consistently low risk was seen among farmers, gardeners, fishermen, and forestry workers, as well as
for wood workers, other construction workers, food workers, and for other workers.
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Figure 11. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for colon cancer among
7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005.

3.10. Colon Cancer in Women

Only minor changes appeared for colon cancer when adjusting for alcohol and tobacco (Table
S12, not shown in graph). Risks remained significantly high for administrators, clerical workers, shop
workers, postal workers, and textile workers. For printers, chemical process workers, glassmakers,
waiters, and hairdressers the unadjusted significantly elevated risk estimates were only marginally
reduced, but no longer significant, after adjustment.
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3.11. Rectal Cancer in Men

For most occupational groups, risk of rectal cancer changed only marginally after adjustment for
alcohol and tobacco (Figure 12). For administrators, sales agents, drivers, textile workers, plumbers,
painters, bricklayers, packers, and public safety workers, the elevated risk of rectum cancer remained
significantly elevated. Only waiters and beverage workers experienced a reduction in SIR of 0.20 or
more. Teachers, farmers, fishermen, forestry workers, quarry workers, and the economically inactive
group remained at significantly low risk for rectal cancer.

 

3 
12:  

Figure 12. Unadjusted (blue) and alcohol and tobacco adjusted (red) SIRs for rectal cancer among
7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005.
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3.12. Rectal Cancer in Women

Results for rectum cancer were quite similar to those for colon cancer (Table S14, not shown in
graph). The elevated risks among clerical workers, shop workers, and tobacco workers remained
significantly high. For sales workers, textile workers, waiters, and other workers, SIRs were no
longer significantly high. The significantly low SIRs among nurses, farmers and gardeners increased
towards unity, and were no longer significant. Only for beverage workers, risk of rectum cancer
remained significantly low after adjustment for alcohol and tobacco (SIRs 0.58 (CI 0.35–0.90) and 0.56
(CI 0.33–0.87), respectively).

4. Discussion

After adjustment, occupational variation in risk was in general decreased, as SIRs moved closer
to the null value. This effect was, of course, an inevitable consequence of an approach that would take
deviation from the mean to be a result of the factor for which we want to adjust. However, changes of
risk estimates from significantly high to significantly low and vice versa were also seen. We note that
overall, the effect of adjustment was strongest for cancers of the tongue, mouth, and pharynx. This
was indeed expected, since the alcohol and tobacco related risks are considerably stronger for these
sites than for cancer of the colon and rectum.

The NOCCA cohort, on which this study was based, is the largest occupational cohort ever
assembled. Occupational categorization of the population was based on census information,
independently from disease status. High quality cancer data from the cancer registries in the five
Nordic countries were linked to each individual by use of the personal identification number [17].
To adjust for alcohol and tobacco consumption, we used the incidence rates of the relevant cancers to
indirectly estimate exposure to alcohol and tobacco by use of confirmatory factor analysis. The tests for
model fit fulfilled the suggested criterion [20]. The common factor in the model, representing exposure
to alcohol and tobacco, was thus indirectly defined by the incidence of cancers related to alcohol
and tobacco. There may however be heterogeneity in the historical smoking and drinking habits
between occupational groups with respect to intensity (amount), duration in a lifetime perspective,
and frequency—particularly in the balance between the tobacco and alcohol use—causing differences in
the cancer pattern which may not be fully taken into account in the present model. The model allowed
for variation between occupations that may be caused not only by occupation-specific exposure, but
also by dietary factors, physical activity, or other factors related to socio-economic status. Such potential
confounding must therefore be taken into account when interpreting the data. Due to the large data set
and the multiple comparisons performed, it should also be noted that statistically significant SIRs do
not necessarily imply scientifically interesting findings, and as always, results should be interpreted
with caution for this reason.

Based on the unadjusted risk estimates for cancer associated with the combined effect of alcohol
and tobacco and of tobacco alone, we have previously described three occupational clusters [22].
In men, the occupations which most consistently showed high risk of numerous cancer types, but
specifically for cancers of the mouth, tongue, pharynx, and larynx, included waiters, cooks and
stewards, beverage workers, seamen, and chimney sweeps (called the high-risk cluster). Two clusters
of occupations with generally low cancer risks were seen in both men and women. The first one
comprised farmers, gardeners, and forestry workers (the green low-risk cluster), the second one
included groups with high education, specifically those in health and pedagogical work (the high
education low-risk cluster). Below, results will be discussed in light of these clusters. Occupations
which do not fall within any of the clusters, will also be pointed out, as needed.

Typically, occupations within the high-risk cluster had few if any substantial risk elevations after
adjustment (e.g., male waiters), while in the green low-risk cluster the initially observed low risk
was closer to unity and sometimes even above (e.g., male farmers) (Figure 13). In the high education
low-risk cluster, the low cancer risk also tended to move towards unity with adjustment for alcohol
and tobacco.
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Figure 13. Unadjusted (blue) and adjusted (red) SIRs with 95% confidence intervals for alcohol and
tobacco related cancer among male waiters, farmers, and physicians.

4.1. The High-Risk Cluster

Among men, altogether 14 of the 53 + 1 included occupational groups had significantly elevated
risk of 5 or more of the 8 included cancer sites before adjustment for alcohol and tobacco. These groups
were artists, journalists, sales agents, shop workers, drivers, painters, printers, packers, beverage
workers, cooks and stewards, waiters, hairdressers, the combined group of other workers, and the
group of economically inactive. For these occupations, risk estimates after adjustment suggested
that most, if not all, of the elevated risk may be ascribed to alcohol and tobacco consumption. For
seamen, cooks and stewards, and waiters, only cancer of the mouth remained significantly elevated
after adjustment. Estimates were however considerably reduced, and although other occupational or
non-occupational risk factors cannot be excluded, specifically concerning seamen, the remaining risk
may at least partly be caused by residual confounding from alcohol and tobacco.

Among male artistic workers, risk of cancer of the tongue and pharynx was substantially reduced,
but a significant 35–37% risk elevation was still present after adjustment. Among female artists,
the persisting risk elevation was 49% for the combined group of cancer of the tongue/mouth/pharynx.
Tarvainen et al. [23], using lung cancer incidence and liver cirrhosis mortality, respectively, to adjust for
alcohol and tobacco, also found persistent risk elevations for cancer of the tongue and pharynx. The
group artistic workers comprises authors (excluding journalists), sculptors, painters, painting restorers,
composers, singers, musicians, dancers, and other types of artists. Among these, sculptors, painters,
and painting restorers appear to be those with the highest potential for any carcinogenic exposure
through their work. To clarify whether the persisting risk elevations are due to residual confounding
by alcohol and/or tobacco or to strictly occupational exposure, more specific studies into these groups
would be needed.

The persisting risk of cancer of the mouth among male painters observed here is parallel to
what was also seen in a case-control study by Richiardi et al. [24]. Painters are subject to a large
number of potential carcinogens, and an association with cancer of the mouth is not implausible,
although previous studies have more consistently pointed to a possible elevated risk of pharyngeal
and oesophageal cancer in this group [25].

Among women, no proper high-risk cluster could be discerned [22]. Only waitresses had elevated
risk on all 6 cancer sites included before adjustment. In this group, risk remained significantly
high only for the combined group of tongue/mouth/pharynx cancer (SIR 1.22 (CI 1.07–1.39)) after
adjustment, which is similar to what was seen among male waiters. For female journalists, risk of
cancer of the tongue, mouth and pharynx remained unchanged after adjustment (adjusted SIR 2.01).
It remains unclear which potential occupational or non-occupational exposures might cause this
doubling in risk. Tarvainen et al. [23] also found that the risk of oral cancer remained significantly
high after adjustment, and reported that liver cirrhosis mortality was exceptionally high among female
journalists, while the lung cancer risk was only slightly elevated. This may indicate considerably
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higher alcohol consumption among female journalists than among the general female population, but
relatively similar smoking habits.

The occupational variation in cancer of the larynx was high, but among the occupations
comprising the high-risk cluster, risk remained significantly high only in male drivers. Diesel exhaust
has been suggested as a risk factor for laryngeal cancer [26], and elevated risk of laryngeal cancer
has been suggested for lorry and van drivers [24], consistent with a role for diesel exhaust. In many
occupations outside the high-risk cluster, however, risk of laryngeal cancer was persistently elevated,
although with less than 30%, and most estimates were not essentially changed by adjustment for alcohol
and tobacco. This was seen for fishermen, smelting workers, mechanics, electrical workers, other
construction workers (including reinforced concreters, cement finishers, terrazzo workers, insulators,
glaziers, underwater workers, and other unspecified building and construction workers), chemical
process workers, food workers, glass makers, engine operators, and building caretakers. In addition
to alcohol and tobacco, cancer of the larynx is considered causally related to exposure to asbestos
and strong acid mists [27,28], and several studies suggest an association with silica, coal, and textile
dust [29–31]. Our results demonstrate that more knowledge is needed regarding occupational causes
of cancer of the larynx, as much of the variation on risk does not seem to be explained by the effect of
alcohol and tobacco.

Persistent risk elevation for cancer of the oesophagus was seen among male drivers and
beverage workers, as well as among packers, the combined group of other workers, and the group of
economically inactive. Occupational factors are not well established for oesophageal cancer, and there
are no obvious common exposures among these groups to suggest an explanation to the elevated
risk. In a study by Parent et al. [32], warehouse workers, food services workers, and workers
from the miscellaneous food industry had suggested risk elevations for oesophageal cancer. While
alcohol and smoking are considered the major risk factors specifically for squamous carcinoma of the
oesoophagus, a diet low in fruit and vegetables and overweight and obesity are linked to increased
risk of adenocarcinoma of the oesophagus in a dose dependent manner [33,34]. Several studies
also find that physical activity reduces risk of cancer of the oesophagus [35], most consistently for
adenocarcinoma, while an increasing sedentary lifestyle increases risk [34]. In the present study, we
have not stratified by histological type, but it is plausible that a major part of the remaining risk may
be attributed to risk factors relating to adenocarcinoma.

Male journalists and sales agents had elevated risk of liver cancer after adjustment for the
main risk factors alcohol and tobacco. Known occupational causes of liver cancer (vinyl chloride,
1,2-dichloropropane) do not seem relevant for these groups. Other risk factors, such as obesity and
type II diabetes [36] seem more plausible, but no information is at present available to support or
refute this hypothesis.

For colon and rectum cancer, alcohol, tobacco, and the consumption of processed meat are
established risk factors [37,38], while the evidence for an association with red meat is considered
limited [38]. Physical inactivity and being overweight or obese also increases risk [39,40]. Except for
asbestos, there are no known strictly occupational risk factors. In the high-risk cluster occupations
in the present study, male printers, drivers, sales agents, packers, and painters had elevated risk of
cancer of the colon and/or rectum after adjustment for alcohol and tobacco. Among these, especially
drivers may have little physical activity at work. In a previous study in the NOCCA database, using
a job-exposure-matrix, perceived physical strain at work was inversely associated with risk of colon
cancer [41].

Postal workers, public safety workers, chimney sweeps, and military personnel are not included
in either of the occupational clusters, but they had stable and significantly elevated risk for colon cancer
after adjustment. Chimney sweeps and public safety workers (including firefighters, police officers,
custom officers, guards, and guards) have adjusted colon cancer SIRs of 1.36 and 1.17, respectively.
Elevated colon cancer risk has been observed in police officers [42] and among firefighters [43], but no
definite etiological agent has been suggested. Several of these groups experience varied exposures
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from known and suspected carcinogens, and more specific studies would be required to elucidate
potential associations with colon cancer risk.

4.2. The Green Low-Risk Cluster

This cluster comprises farmers, gardeners, and forestry workers. Unadjusted, all risk estimates
for the included cancer sites were significantly low, except for oesophageal cancer among male forestry
workers and female gardeners, for which the estimates were not different from unity. In farmers,
the adjusted risk estimate for cancer of the mouth was significantly elevated by 10% among men and
by 16% for the combined tongue/mouth pharynx cancer group among women. Relevant risk factors
for cancer in the oral cavity in addition to alcohol and smoking are smokeless tobacco products, a poor
diet with insufficient intake of fruit/vegetables, and infection with human papilloma virus (HPV).
Although not implausible, we do not have data to support that male farmers actually use or have used
more smokeless tobacco than other groups. If snuff use/pipe smoking were more strongly associated
with cancer of the mouth than with tongue/pharynx cancer, such a habit might explain the excess risk
of mouth cancer in male farmers, but it would not explain why risk is elevated also in female farmers.
Engeland et al. [44] observed a dose-response relationship with pipe smoking for upper aerodigestive
tract cancers, but results were not broken down by cancer site. Farmers are exposed to a variety of
chemical, physical, and biological factors, and it is not unlikely that the elevated mouth cancer risk
may be related to such.

After adjustment, all male occupational groups in this cluster showed 10–32% significantly
elevated risk for cancer of the oesophagus. Among female farmers, risk of oesophageal cancer was
non-significantly above unity (SIR 1.11 (CI 0.96–1.27)) after adjustment. An elevated risk of oesophageal
cancer is a new finding, not easily explained by established risk factors such as overweight, obesity, or
sedentary lifestyle. Previous studies on farmers’ cancer risk also have not typically observed elevated
oesophageal cancer risk [45]. One earlier study found no association with pesticides use among
farmers [46].

Risk of cancer of the liver, colon, and rectum changed only very moderately with adjustment for
alcohol and tobacco in this low risk cluster, both among men and women, and remained for the most
part significantly low. For cancer of the colon and rectum, the level of physical activity is assumed to
contribute importantly to this finding.

Wood workers have a similar risk profile as the described green low-risk cluster of occupations,
with unadjusted SIRs being significantly low for cancers of the tongue, mouth, pharynx, liver, and colon.
After adjustment, risk of pharyngeal cancer was however significantly elevated (SIR 1.14 (CI 1.03–1.25)).
Wood dust is an established risk factor for cancer of the epipharynx, which has also been seen in
a previous study which used a job exposure matrix in the analysis of the NOCCA data [47], and most
probably explains the elevated risk among the wood workers.

4.3. The High Education Low-Risk Cluster

This cluster includes groups with high education, specifically those in health and pedagogical
work, technical workers (including engineers, physicists, architects, chemists, geologists, biologists,
meteorologists, and related professionals), physicians, dentists, nurses, teachers, the group of religious,
juridical, and other academic workers (including also archivists, librarians, economists, sociologists,
psychologists and social work professionals), and administrators (including senior officials, managers
and legislators working on behalf of governments, regional or local administrators, political parties,
trade unions, and other organizations and enterprises).

Among male dentist, the elevated risk of tongue cancer increased to a level of significance with
adjustment, while among female dentist risk of cancer of the tongue/mouth/pharynx remained stable
and non-significantly elevated (SIR 1.38 (CI 0.80–2.21)). By using another method of adjustment,
Tarvainen et al. [23] also found an elevated tongue cancer risk in dentist in the same NOCCA data.
An elevated risk in Swedish dentist was also described earlier (i.e., partly the same data material) [48].
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No risk elevation was seen for any of the other alcohol and tobacco related sites, further suggesting
that the tongue cancer risk seen among dentist may be caused by occupational exposure from chemical
or biological sources. Data on cancer risk among dentists outside the Nordic countries was not found.
In general, risk estimates for colon cancer in this cluster changed very little with adjustment for
alcohol and tobacco, and risk remained high, especially among the men. Elevated colon cancer risk
is commonly seen in groups with high socio-economic status, whether it be measured by education,
income, occupation, or other indices. It is probable that low physical activity at work contributes to
this elevated risk [39,40].

5. Conclusions

The normalisation of SIRs after adjustment in occupations groups known or suspected to have
had a high consumption of alcohol and tobacco, indicated that our approach gave less biased estimates
of cancer incidence. Similarly, support for a satisfactory adjustment was found in the change towards
the null of SIR estimates in occupations with remarkably low unadjusted risks. The risk of pharynx
cancer in wood workers changed from a significantly low SIR in men to an expected significantly
elevated one, reinforcing the impression of a successful adjustment. In general, only small changes in
the estimates appeared for cancer of the colon and rectum. Among remarkable findings, which deserve
further attention, are the elevated risk of cancer of the mouth and oesophagus in farmers, cancer of the
tongue in dentists, and the elevated risk of cancer of the larynx in a range of production/construction
workers. In large datasets, our method of adjustment for alcohol and tobacco is useful for obtaining
unbiased estimates of cancer risk in groups where no direct information on consumption is available.

Future research should be performed to corroborate the indicated knowledge gaps, and preventive
efforts should be designed and targeted specifically at the occupations where cancer risk was
appreciably reduced by adjustment for alcohol and tobacco.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/15/12/2760/
s1, Table S1: Unadjusted and tobacco and alcohol adjusted SIRs for cancer of the tongue among 7,447,726 men
in the Nordic countries, by occupation. Follow up 1961–2005, Table S2: Unadjusted and tobacco and alcohol
adjusted SIRs for cancer of the mouth among 7,447,726 men in the Nordic countries, by occupation. Follow
up 1961–2005, Table S3: Unadjusted and tobacco and alcohol adjusted SIRs for cancer of the pharynx among
7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005, Table S4: Unadjusted and tobacco
and alcohol adjusted SIRs for cancer of the tongue/mouth/pharynx cancer among 7,454,847 women in the Nordic
countries, by occupation. Follow up 1961–2005, Table S5: Unadjusted and tobacco and alcohol adjusted SIRs
for cancer of the larynx among 7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005,
Table S6: Unadjusted and tobacco and alcohol adjusted SIRs for cancer of the larynx among 7,454,847 women
in the Nordic countries, by occupation. Follow up 1961–2005, Table S7: Unadjusted and tobacco and alcohol
adjusted SIRs for cancer of the oesophagus among 7,447,726 men in the Nordic countries, by occupation. Follow
up 1961–2005, Table S8: Unadjusted and tobacco and alcohol adjusted SIRs for cancer of the oesophagus among
7,454,847 women in the Nordic countries, by occupation. Follow up 1961–2005, Table S9: Unadjusted and tobacco
and alcohol adjusted SIRs for liver cancer among 7,447,726 men in the Nordic countries, by occupation. Follow up
1961–2005, Table S10: Unadjusted and tobacco and alcohol adjusted SIRs for liver cancer among 7,454,847 women
in the Nordic countries, by occupation. Follow up 1961–2005, Table S11: Unadjusted and tobacco and alcohol
adjusted SIRs for colon cancer among 7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005,
Table S12: Unadjusted and tobacco and alcohol adjusted SIRs for colon cancer among 7,454,847 women in the
Nordic countries, by occupation. Follow up 1961–2005, Table S13: Unadjusted and tobacco and alcohol adjusted
SIRs for rectal cancer among 7,447,726 men in the Nordic countries, by occupation. Follow up 1961–2005, Table
S14: Unadjusted and tobacco and alcohol adjusted SIRs for rectal cancer among 7,454,847 women in the Nordic
countries, by occupation. Follow up 1961–2005.

Author Contributions: T.H. perceived the idea for this project. T.H. applied and tested the statistical method
under discussions with J.I.M., K.K. and T.K.G. K.K drafted the paper, K.K., T.H., E.L., J.I.M., E.P., E.W., T.K.G.
revised the final paper.

Funding: The project was funded by the Nordic Cancer Union.

Conflicts of Interest: The authors declare no conflict of interest.

http://www.mdpi.com/1660-4601/15/12/2760/s1
http://www.mdpi.com/1660-4601/15/12/2760/s1


Int. J. Environ. Res. Public Health 2018, 15, 2760 21 of 23

References

1. IARC Working Group on the Evaluation of Carcinogenic Risk to Humans. A Review of Human Carcinogens:
Personal Habits and Indoor Combustion; International Agency for Research on Cancer: Lyon, France, 2012;
Volume 100E, Available online: https://monographs.iarc.fr/wp-content/uploads/2018/06/mono100E.pdf
(accessed on 31 October 2018).

2. Hemmingsson, T.; Lundberg, I.; Romelsjo, A.; Alfredsson, L. Alcoholism in social classes and occupations in
Sweden. Int. J. Epidemiol. 1997, 26, 584–591. [CrossRef] [PubMed]

3. Coggon, D.; Harris, E.C.; Brown, T.; Rice, S.; Palmer, K.T. Occupation and mortality related to alcohol, drugs
and sexual habits. Occup. Med. 2010, 60, 348–353. [CrossRef] [PubMed]

4. Stellman, S.D.; Boffetta, P.; Garfinkel, L. Smoking habits of 800,000 American men and women in relation to
their occupations. Am. J. Ind. Med. 1988, 13, 43–58. [CrossRef] [PubMed]

5. Kuntz, B.; Kroll, L.E.; Hoebel, J.; Schumann, M.; Zeiher, J.; Starker, A.; Lampert, T. Time trends of occupational
differences in smoking behaviour of employed men and women in Germany: Results of the 1999–2013
microcensus. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz 2018, 61, 1388–1398. [CrossRef]
[PubMed]

6. Jha, P.; Peto, R.; Zatonski, W.; Boreham, J.; Jarvis, M.J.; Lopez, A.D. Social inequalities in male mortality,
and in male mortality from smoking: Indirect estimation from national death rates in England and Wales,
Poland, and North America. Lancet 2006, 368, 367–370. [CrossRef]

7. Axelson, O.; Steenland, K. Indirect methods of assessing the effects of tobacco use in occupational studies.
Am. J. Ind. Med. 1988, 13, 105–118. [CrossRef] [PubMed]

8. Blair, A.; Steenland, K.; Shy, C.; O’Berg, M.; Halperin, W.; Thomas, T. Control of smoking in occupational
epidemiologic studies: Methods and needs. Am. J. Ind. Med. 1988, 13, 3–4. [CrossRef] [PubMed]

9. Steenland, K.; Beaumont, J.; Halperin, W. Methods of control for smoking in occupational cohort mortality
studies. Scand. J. Work Environ. Health 1984, 10, 143–149. [CrossRef]

10. Asp, S. Confounding by variable smoking habits in different occupational groups. Scand. J. Work
Environ. Health 1984, 10, 325–326. [CrossRef]

11. Blair, A.; Hoar, S.K.; Walrath, J. Comparison of crude and smoking-adjusted standardized mortality ratios.
J. Occup. Med. 1985, 27, 881–884.

12. Haldorsen, T.; Andersen, A.; Boffetta, P. Smoking-adjusted incidence of lung cancer by occupation among
Norwegian men. Cancer Causes Control 2004, 15, 139–147. [CrossRef] [PubMed]

13. Siemiatycki, J.; Wacholder, S.; Dewar, R.; Wald, L.; Begin, D.; Richardson, L.; Rosenman, K.; Gerin, M.
Smoking and degree of occupational exposure: Are internal analyses in cohort studies likely to be confounded
by smoking status? Am. J. Ind. Med. 1988, 13, 59–69. [CrossRef] [PubMed]

14. Beaumont, J.J.; Singleton, J.A.; Doebbert, G.; Riedmiller, K.R.; Brackbill, R.M.; Kizer, K.W. Adjustment for
smoking, alcohol consumption, and socioeconomic status in the California Occupational Mortality Study.
Am. J. Ind. Med. 1992, 21, 491–506. [CrossRef] [PubMed]

15. Kriebel, D.; Zeka, A.; Eisen, E.A.; Wegman, D.H. Quantitative evaluation of the effects of uncontrolled
confounding by alcohol and tobacco in occupational cancer studies. Int. J. Epidemiol. 2004, 33, 1040–1045.
[CrossRef] [PubMed]

16. Lubin, J.H.; Hauptmann, M.; Blair, A. Indirect adjustment of relative risks of an exposure with multiple
categories for an unmeasured confounder. Ann. Epidemiol. 2018, 28, 801–807. [CrossRef] [PubMed]

17. Pukkala, E.; Martinsen, J.I.; Lynge, E.; Gunnarsdottir, H.K.; Sparén, P.; Tryggvadottir, L.; Weiderpass, E.;
Kjaerheim, K. Occupation and cancer—Follow-up of 15 million people in five Nordic countries. Acta Oncol.
2009, 48, 646–790. [CrossRef] [PubMed]

18. Arbeidsdirektoratet [Department of Labour]. Nordisk Yrkesklassifikasjon. [Nordic Classification of Occupations];
Arbeidsdirektoratet: Oslo, Norway, 1958. (In Norwegian)

19. International Labour Office (ILO). International Standard Classification of Occupations, 1958; ILO: Geneva,
Switzerland, 1962.

20. Haldorsen, T.; Martinsen, J.I.; Kjærheim, K.; Grimsrud, T.K. Adjustment for tobacco smoking and alcohol
consumption by simultaneous analysis of several types of cancer. Cancer Causes Control 2017, 28, 155–165.
[CrossRef] [PubMed]

https://monographs.iarc.fr/wp-content/uploads/2018/06/mono100E.pdf
http://dx.doi.org/10.1093/ije/26.3.584
http://www.ncbi.nlm.nih.gov/pubmed/9222784
http://dx.doi.org/10.1093/occmed/kqq040
http://www.ncbi.nlm.nih.gov/pubmed/20407041
http://dx.doi.org/10.1002/ajim.4700130104
http://www.ncbi.nlm.nih.gov/pubmed/3257844
http://dx.doi.org/10.1007/s00103-018-2818-8
http://www.ncbi.nlm.nih.gov/pubmed/30215103
http://dx.doi.org/10.1016/S0140-6736(06)68975-7
http://dx.doi.org/10.1002/ajim.4700130107
http://www.ncbi.nlm.nih.gov/pubmed/3344750
http://dx.doi.org/10.1002/ajim.4700130102
http://www.ncbi.nlm.nih.gov/pubmed/3344754
http://dx.doi.org/10.5271/sjweh.2349
http://dx.doi.org/10.5271/sjweh.2321
http://dx.doi.org/10.1023/B:CACO.0000019485.74818.d6
http://www.ncbi.nlm.nih.gov/pubmed/15017126
http://dx.doi.org/10.1002/ajim.4700130105
http://www.ncbi.nlm.nih.gov/pubmed/3344756
http://dx.doi.org/10.1002/ajim.4700210405
http://www.ncbi.nlm.nih.gov/pubmed/1580254
http://dx.doi.org/10.1093/ije/dyh151
http://www.ncbi.nlm.nih.gov/pubmed/15155700
http://dx.doi.org/10.1016/j.annepidem.2018.09.003
http://www.ncbi.nlm.nih.gov/pubmed/30297163
http://dx.doi.org/10.1080/02841860902913546
http://www.ncbi.nlm.nih.gov/pubmed/19925375
http://dx.doi.org/10.1007/s10552-016-0847-x
http://www.ncbi.nlm.nih.gov/pubmed/28155007


Int. J. Environ. Res. Public Health 2018, 15, 2760 22 of 23

21. Andersen, A.; Barlow, L.; Engeland, A.; Kjaerheim, K.; Lynge, E.; Pukkala, E. Work-related cancer in the
Nordic countries. Scand. J. Work Environ. Health 1999, 25 (Suppl. 2), 1–116. [PubMed]

22. Kjaerheim, K.; Martinsen, J.I.; Lynge, E.; Gunnarsdottir, H.K.; Sparen, P.; Tryggvadottir, L.; Weiderpass, E.;
Pukkala, E. Effects of occupation on risks of avoidable cancers in the Nordic countries. Eur. J. Cancer 2010,
46, 2545–2554. [CrossRef]

23. Tarvainen, L.; Suojanen, J.; Kyyronen, P.; Lindqvist, C.; Martinsen, J.I.; Kjaerheim, K.; Lynge, E.; Sparen, P.;
Tryggvadottir, L.; Weiderpass, E.; et al. Occupational Risk for Oral Cancer in Nordic Countries. Anticancer Res.
2017, 37, 3221–3228.

24. Richiardi, L.; Corbin, M.; Marron, M.; Ahrens, W.; Pohlabeln, H.; Lagiou, P.; Minaki, P.; Agudo, A.;
Castellsague, X.; Slamova, A.; et al. Occupation and risk of upper aerodigestive tract cancer: The ARCAGE
study. Int. J. Cancer 2012, 130, 2397–2406. [CrossRef] [PubMed]

25. Straif, K.; Baan, R.; Grosse, Y.; Secretan, B.; El Ghissassi, F.; Bouvard, V.; Altieri, A.; Benbrahim-Tallaa, L.;
Cogliano, V.; WHO International Agency for Research on Cancer Monograph Working Group.
Carcinogenicity of shift-work, painting, and fire-fighting. Lancet Oncol. 2007, 8, 1065–1066. [CrossRef]

26. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. A Review of Human Carcinogens:
Chemical Agents and Related Occupations; International Agency for Research on Cancer: Lyon, France, 2012;
Volume 100F, pp. 487–493.

27. Straif, K.; Benbrahim-Tallaa, L.; Baan, R.; Grosse, Y.; Secretan, B.; El Ghissassi, F.; Bouvard, V.; Guha, N.;
Freeman, C.; Galichet, L.; et al. WHO International Agency for Research on Cancer Monograph Working
Group. A review of human carcinogens—Part C: Metals, arsenic, dusts, and fibres. Lancet Oncol. 2009, 10,
453–454. [CrossRef]

28. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. A Review of Human Carcinogens:
Arsenic, Metals, Fibres, and Dusts; International Agency for Research on Cancer: Lyon, France, 2012;
Volume 100C, pp. 219–294.

29. Laforest, L.; Luce, D.; Goldberg, P.; Begin, D.; Gerin, M.; Demers, P.A.; Brugere, J.; Leclerc, A. Laryngeal and
hypopharyngeal cancers and occupational exposure to formaldehyde and various dusts: A case-control
study in France. Occup. Environ. Med. 2000, 57, 767–773. [CrossRef] [PubMed]

30. Paget-Bailly, S.; Cyr, D.; Luce, D. Occupational exposures and cancer of the larynx-systematic review and
meta-analysis. J. Occup. Environ. Med. 2012, 54, 71–84. [CrossRef]

31. Shangina, O.; Brennan, P.; Szeszenia-Dabrowska, N.; Mates, D.; Fabianova, E.; Fletcher, T.; t’Mannetje, A.;
Boffetta, P.; Zaridze, D. Occupational exposure and laryngeal and hypopharyngeal cancer risk in central and
eastern Europe. Am. J. Epidemiol. 2006, 164, 367–375. [CrossRef]

32. Parent, M.E.; Siemiatycki, J.; Fritschi, L. Workplace exposures and oesophageal cancer. Occup. Environ. Med.
2000, 57, 325–334. [CrossRef]

33. Vingeliene, S.; Chan, D.S.M.; Vieira, A.R.; Polemiti, E.; Stevens, C.; Abar, L.; Navarro Rosenblatt, D.;
Greenwood, D.C.; Norat, T. An update of the WCRF/AICR systematic literature review and meta-analysis on
dietary and anthropometric factors and esophageal cancer risk. Ann. Oncol. 2017, 28, 2409–2419. [CrossRef]

34. Lauby-Secretan, B.; Scoccianti, C.; Loomis, D.; Grosse, Y.; Bianchini, F.; Straif, K.; International Agency for
Research on Cancer Handbook Working Group. Body Fatness and Cancer—Viewpoint of the IARC Working
Group. N. Engl. J. Med. 2016, 375, 794–798. [CrossRef]

35. Singh, S.; Devanna, S.; Edakkanambeth Varayil, J.; Murad, M.H.; Iyer, P.G. Physical activity is associated
with reduced risk of esophageal cancer, particularly esophageal adenocarcinoma: A systematic review and
meta-analysis. BMC Gastroenterol. 2014, 14, 101. [CrossRef]

36. Bosetti, C.; Turati, F.; La Vecchia, C. Hepatocellular carcinoma epidemiology. Best Pract. Res. Clin. Gastroenterol.
2014, 28, 753–770. [CrossRef] [PubMed]

37. Vieira, A.R.; Abar, L.; Chan, D.S.M.; Vingeliene, S.; Polemiti, E.; Stevens, C.; Greenwood, D.; Norat, T. Foods
and beverages and colorectal cancer risk: A systematic review and meta-analysis of cohort studies, an update
of the evidence of the WCRF-AICR Continuous Update Project. Ann. Oncol. 2017, 28, 1788–1802. [CrossRef]
[PubMed]

38. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. Red Meat and Processed Meat;
International Agency for Research on Cancer: Lyon, France, 2018; Volume 114, pp. 1–502.

http://www.ncbi.nlm.nih.gov/pubmed/10507118
http://dx.doi.org/10.1016/j.ejca.2010.07.038
http://dx.doi.org/10.1002/ijc.26237
http://www.ncbi.nlm.nih.gov/pubmed/21671472
http://dx.doi.org/10.1016/S1470-2045(07)70373-X
http://dx.doi.org/10.1016/S1470-2045(09)70134-2
http://dx.doi.org/10.1136/oem.57.11.767
http://www.ncbi.nlm.nih.gov/pubmed/11024201
http://dx.doi.org/10.1097/JOM.0b013e31823c1343
http://dx.doi.org/10.1093/aje/kwj208
http://dx.doi.org/10.1136/oem.57.5.325
http://dx.doi.org/10.1093/annonc/mdx338
http://dx.doi.org/10.1056/NEJMsr1606602
http://dx.doi.org/10.1186/1471-230X-14-101
http://dx.doi.org/10.1016/j.bpg.2014.08.007
http://www.ncbi.nlm.nih.gov/pubmed/25260306
http://dx.doi.org/10.1093/annonc/mdx171
http://www.ncbi.nlm.nih.gov/pubmed/28407090


Int. J. Environ. Res. Public Health 2018, 15, 2760 23 of 23

39. Turati, F.; Bravi, F.; Di Maso, M.; Bosetti, C.; Polesel, J.; Serraino, D.; Dalmartello, M.; Giacosa, A.; Montella, M.;
Tavani, A.; et al. Adherence to the World Cancer Research Fund/American Institute for Cancer Research
recommendations and colorectal cancer risk. Eur. J. Cancer 2017, 85, 86–94. [CrossRef] [PubMed]

40. Nunez, C.; Nair-Shalliker, V.; Egger, S.; Sitas, F.; Bauman, A. Physical activity, obesity and sedentary
behaviour and the risks of colon and rectal cancers in the 45 and up study. BMC Public Health 2018, 18, 325.
[CrossRef] [PubMed]

41. Sormunen, J.; Talibov, M.; Martinsen, J.I.; Kjaerheim, K.; Sparen, P.; Tryggvadottir, L.; Weiderpass, E.;
Pukkala, E. Perceived physical strain at work and incidence of colorectal cancer: A nested case-control study.
Cancer Epidemiol. 2016, 43, 100–104. [CrossRef] [PubMed]

42. Wirth, M.; Vena, J.E.; Smith, E.K.; Bauer, S.E.; Violanti, J.; Burch, J. The epidemiology of cancer among police
officers. Am. J. Ind. Med. 2013, 56, 439–453. [CrossRef] [PubMed]

43. Kang, D.; Davis, L.K.; Hunt, P.; Kriebel, D. Cancer incidence among male Massachusetts firefighters,
1987–2003. Am. J. Ind. Med. 2008, 51, 329–335. [CrossRef] [PubMed]

44. Engeland, A.; Andersen, A.; Haldorsen, T.; Tretli, S. Smoking habits and risk of cancers other than lung cancer:
28 years’ follow-up of 26,000 Norwegian men and women. Cancer Causes Control 1996, 7, 497–506. [CrossRef]

45. Blair, A.; Freeman, L.B. Epidemiologic studies in agricultural populations: Observations and future directions.
J. Agromed. 2009, 14, 125–131. [CrossRef]

46. Lee, W.J.; Lijinsky, W.; Heineman, E.F.; Markin, R.S.; Weisenburger, D.D.; Ward, M.H. Agricultural pesticide
use and adenocarcinomas of the stomach and oesophagus. Occup. Environ. Med. 2004, 61, 743–749. [CrossRef]

47. Siew, S.S.; Martinsen, J.I.; Kjaerheim, K.; Sparén, P.; Tryggvadottir, L.; Weiderpass, E.; Pukkala, E.
Occupational exposure to wood dust and risk of nasal and nasopharyngeal cancer: A case-control study
among men in four Nordic countries—With an emphasis on nasal adenocarcinoma. Int. J. Cancer 2017, 141,
2430–2436. [CrossRef] [PubMed]

48. Ji, J.; Hemminki, K. Occupation and upper aerodigestive tract cancers: A follow-up study in Sweden. J. Occup.
Environ. Med. 2005, 47, 785–795. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.ejca.2017.08.015
http://www.ncbi.nlm.nih.gov/pubmed/28892777
http://dx.doi.org/10.1186/s12889-018-5225-z
http://www.ncbi.nlm.nih.gov/pubmed/29510753
http://dx.doi.org/10.1016/j.canep.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/27420632
http://dx.doi.org/10.1002/ajim.22145
http://www.ncbi.nlm.nih.gov/pubmed/23255299
http://dx.doi.org/10.1002/ajim.20549
http://www.ncbi.nlm.nih.gov/pubmed/18306327
http://dx.doi.org/10.1007/BF00051881
http://dx.doi.org/10.1080/10599240902779436
http://dx.doi.org/10.1136/oem.2003.011858
http://dx.doi.org/10.1002/ijc.31015
http://www.ncbi.nlm.nih.gov/pubmed/28840594
http://dx.doi.org/10.1097/01.jom.0000165798.28569.b5
http://www.ncbi.nlm.nih.gov/pubmed/16093928
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Results 
	Cancer of the Tongue, Mouth, and Pharynx in Men 
	Cancer of the Tongue, Mouth, and Pharynx in Women 
	Laryngeal Cancer in Men 
	Laryngeal Cancer in Women 
	Oesophageal Cancer in Men 
	Oesophageal Cancer in Women 
	Liver Cancer in Men 
	Liver Cancer in Women 
	Colon Cancer in Men 
	Colon Cancer in Women 
	Rectal Cancer in Men 
	Rectal Cancer in Women 

	Discussion 
	The High-Risk Cluster 
	The Green Low-Risk Cluster 
	The High Education Low-Risk Cluster 

	Conclusions 
	References

