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Abstract

Background: Wood dust is one of the oldest and one of the most common occupational exposures in the world.
The present analyses examine the effect of lifetime exposure to wood dust in diverse occupational settings on lung
cancer risk.

Methods: We conducted two population-based case–control studies in Montreal: Study I (1979–1986) included 857
cases and two sets of controls (533 population and 1349 cancer controls), and Study II (1996–2001) comprised 736
cases and 894 population controls. Detailed job histories were obtained by interview and each job was evaluated
by expert chemist–hygienists to estimate the likelihood and level of exposure to many substances, one of which
was wood dust. Odds ratios (ORs) were computed in relation to different indices of exposure to wood dust, adjusting
for several covariates including smoking. Three datasets were analysed: Study I with population controls, Study I with
cancer controls, and Study II.

Results: The most frequently exposed occupations in our study population were in construction, timber and furniture
making industries. We found increased risks of lung cancer for substantial cumulative exposure to wood dust in Study I
with cancer controls, (OR = 1.4: 95% confidence interval 1.0;-2.0) and in Study II (OR = 1.7: 95% confidence interval
1.1-2.7). There were no excess risks of lung cancer in any of the three datasets among workers whose cumulative
exposure was not substantial. These tendencies held equally within strata of low smokers and heavy smokers.

Conclusion: There was evidence of increased risk of lung cancer among workers with substantial cumulative exposure
to wood dust.
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Background
Lung cancer is one the most common and lethal malig-
nancies worldwide, resulting in over one million deaths
each year [1]. Although tobacco smoking is by far the
main determinant of lung cancer, accounting for ap-
proximately 90% of the cases among men, environmen-
tal and occupational exposures also contribute greatly,
with the estimated attributable fraction varying from 5%
to 15% [2,3].
Wood dust is one of the most common occupational

exposures, with millions of workers exposed worldwide
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[4]. This complex substance is mainly composed of cel-
lulose (40%-50%), polyoses and other substances, but its
exact formula depends on the species of tree being proc-
essed [5]. Trees are characterized as gymnosperms (soft-
woods), and angiosperms (hardwoods), with the latter
being generally denser and producing finer and more
abundant dusts. The amount and size of particles also
differ according to the operations performed on wood
namely, shattering wood cells during sanding operations
produces finer particle size than does chipping in sawing
and milling industries [6].
In 1995, the International Agency for Research on

Cancer (IARC) classified wood dust as carcinogenic to
humans (group 1), mainly based on findings for cancers of
the nasal cavities and paranasal sinuses. For lung cancer,
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the evidence for an association was inconsistent across
studies. Since then, several additional epidemiological
studies have been published, and IARC conducted a
new evaluation in 2009 [5]. While that evaluation re-
iterated a Group 1 classification for wood dust in re-
lation to cancers of the nasopharynx and nasal cavity,
the evidence for lung cancer was judged as weaker,
based on inconsistent findings.
Some studies found an increased risk of lung cancer in

specific occupations and industries, such as sawmill
workers [6,7] and carpenters [8,9], while others found
no association among pulp and paper mill workers [10]
or furniture workers [11]. Exposure to wood dust, when
assessed across a wide range of occupations, was found
not to be associated [12,13] or to confer a slight excess
risk of lung cancer [14-17]. However, some of these
studies could not account for potential confounders such
as tobacco smoking and exposure to asbestos.
In the early 1980s we conducted a population-based

case–control study in Montreal, Canada, to explore pos-
sible associations between hundreds of occupational sub-
stances and multiple cancer sites, including lung cancer
(Study I). In the late 1990s, we carried out a similar study
in the same area, this time focusing on lung cancer (Study
II). The present set of analyses, conducted in both studies,
examines the risk of lung cancer associated with occupa-
tional exposure to wood dust, while controlling for major
confounders, including smoking and other occupational
exposures. An initial analysis of Study I concerning the as-
sociation between wood dust and several sites of cancer,
including lung, was previously published [18]. It is ana-
lyzed here in more detail, as is the data from Study II, to
be able to contrast results from the two studies, and more
importantly to provide more valid and comprehensive re-
sults than those previously published. Namely, the present
analysis of Study I improves on the previous analysis in
several regards. First, there have been re-evaluations of
exposure assessments to some subject files. Second, the
previous publication only reported results using cancer
controls; this one reports results using both the cancer
and population controls. Third we have improved the stat-
istical modeling of confounders, most notably smoking
history.

Methods
Study I was conducted from 1979 to 1986 and included
men aged 35–70 years diagnosed with cancer at any of
19 sites [19,20]. Study II was conducted between 1996 and
2001 and included both men and women aged 35–75
diagnosed with a lung malignancy. Both studies included
patients with incident histologically confirmed cancers
identified across all major Montreal area hospitals, living
in the Montreal area, and restricted to Canadian citizens.
Both studies also included a series of population controls
randomly selected from electoral lists. Controls were fre-
quency matched by age, sex (only applicable to Study II)
and area of residence (electoral district of about 40,000
individuals) to all cancer cases for Study I and to lung
cancer cases for Study II. Additional details about subject
ascertainment and data collection have been presented
previously [19,21]. Results are presented here for men
only, because the prevalence of occupational exposure
to wood dust among women was very low in our study
population (2%).
Study I included lung cancer cases, other cancer cases

and population controls. In computing relative risk esti-
mates for lung cancer we were thus abIe to use as referents
not only the population controls, but also the patients with
other types of cancer (cancer controls). There are different
pros and cons associated with population controls and
cancer controls [20,22]. Although a population-based con-
trol group is often considered to be more representative of
the base population, cancer controls are less susceptible to
non-participation bias and information bias [21]. We can-
not affirm that one control group is necessarily more valid
than the other in representing the exposure experience of
the study base. In study I, 1082 lung cancer cases and 740
eligible population controls were identified and attempts
were made to interview them. Of these, 857 (79%) cases
and 533 (72%) population controls completed the inter-
view. From the pool of other cancer patients, we selected
a set of controls comprising a total of 1349 patients with
cancer at a site non-contiguous to the lung, who had
been ascertained in the same year and hospitals as
the lung cancer cases, and selected so that none of
the 19 individual cancer sites represented more than
20% of the overall pool of cancer controls. The main
cancer sites in the cancer control series were bladder
(17%), colon (15%), prostate (15%), stomach (9%), lymph-
omas (7%), kidney (6%), and rectum (5%). In study II,
860 eligible male cases and 1294 eligible male con-
trols were identified, and 736 (86%) and 894 (69%) of
these, respectively, agreed to participate and satisfac-
torily completed the interview. Ethical approval was
obtained for both studies from the Institut National
de la Recherche Scientifique, McGill University and
each participating hospital. All participating subjects
provided informed consent.

Data collection
In study I and study II, over 82% and 76% of individuals,
respectively, responded for themselves, and surrogate re-
spondents (proxies) provided information for the other
participants. Interviews included a structured section
that requested information on socio-demographic and
lifestyle characteristics, including ethnicity, family in-
come and smoking history, and a semi-structured sec-
tion that elicited a detailed description of each job held



Vallières et al. Environmental Health 2015, 14:1 Page 3 of 9
http://www.ehjournal.net/content/14/1/1
by the subjects in his working lifetime. Occupations were
coded according to the 1971 Canadian Classification
and Dictionary of Occupations [23]. For each job held, a
trained interviewer asked the subject about the company,
its product, the nature of the work site, the subject’s main
and subsidiary tasks, and any additional information
(e.g., equipment maintenance, use of protective equip-
ment, activities of co-workers) that could provide clues
about work exposures and their intensity. Supplementary
questionnaires were used to assist interviewers with
detailed technical probing for some occupations, includ-
ing among others: carpenters, cabinet makers, drivers,
insulation workers and plumbers [24]. A team of chemists
and industrial hygienists examined each completed ques-
tionnaire and translated each job into a list of poten-
tial exposures using a checklist of 294 agents. Wood
dust was on the checklist. Unfortunately it was impos-
sible to ascertain whether the exposures were to hard-
wood or softwood dust, so all types of wood dust are
combined in this analysis.
Combining the two studies, more than 28000 jobs

were evaluated. The final exposure codes attributed to a
participant were based on consensus among the coders.
Chemical coders were blind with regards to the subject’s
disease status. For each substance considered present in
each job, the coders noted three dimensions of informa-
tion, each on a three-point scale: their degree of confi-
dence that the exposure had actually occurred (possible,
probable, definite), the frequency of exposure in a normal
work week (<5%, 5%-30%, >30% of the time) and the rela-
tive level of concentration of the agent (low, medium,
high). Unfortunately, it proved impossible to reliably esti-
mate absolute concentration values corresponding to the
relative levels coded.
Non-exposure was interpreted as exposure up to the

level that can be found in the general environment. For
wood dust, there are no specific environmental measure-
ments to establish a background level. Among those
considered exposed, benchmark occupational circum-
stances were established to correspond to low, medium
and high concentrations, and each job was coded with
respect to these benchmarks. The ‘low’ concentration
benchmark comprised construction carpenters and house-
hold furniture makers; ‘medium’ concentration benchmark
comprised sawmills, lumber yard and laminating shop
workers; ‘high’ concentration benchmark comprised hand
and belt sanding operations and finishing departments of
plywood production. These benchmarks were indicative
and the experts were free to score a given job, the indus-
try, the era and the particular characteristics of the work-
place and work habits. Although a subject’s job title was
certainly a factor in attributing exposure, the details of the
subject’s activities were taken into account in assessing
the exposure, as well as the industry and the era. More
extensive descriptions of the exposure assessment method
can be found elsewhere [20,25,26].

Data analysis
Unconditional logistic regression [27] was used to esti-
mate odds ratios (ORs) and their 95% confidence inter-
vals (CIs) for the association between each occupational
factor and lung cancer, adjusting for the following a
priori potential confounders: age, median income in the
census tract of residence and individual schooling level
as markers of socioeconomic status, ethnic-cultural back-
ground (French, Anglo, other), respondent status (self,
proxy), ever occupational exposure to asbestos, diesel
engine exhaust, formaldehyde, cadmium, chromium IV
compounds, nickel compounds, silica dust, and tobacco
smoking. After comparison of several parameterizations of
the smoking variables in our data sets, we selected the
comprehensive smoking index (CSI), which proved to
most accurately fit the data and integrates duration, inten-
sity and time since quitting smoking [28]. This index best
captures the confounding nature of smoking history since
it takes into account the timing of smoking exposure, and
not just the duration and intensity.
There is an ongoing debate as to whether it is appro-

priate to adjust for markers of socioeconomic status
(SES) in occupational studies [29-31], with some arguing
that SES is a confounder to be adjusted for and others that
it is a collider to be omitted from statistical models. It may
also be debated whether the inclusion in the models of
other occupational carcinogens may constitute a form of
over-adjustment. To examine whether inclusion of SES or
other occupational carcinogens has the potential to bias
the association between wood dust and lung cancer, we
conducted a sensitivity analysis in which we compared re-
sults on wood dust exposure from four models: i) without
adjustment for SES nor for other occupational carcino-
gens, ii) adjustment for SES but not other occupational
carcinogens, iii) adjustment for other occupational carcin-
ogens but not SES, and iv) adjustment for both SES and
other occupational carcinogens. The other core covariates
remained in all models.
Occupational exposure indices were based on four di-

mensions of information that were available whenever
the experts assigned an exposure to a subject: probability
that the exposure took place, concentration, frequency,
and years of beginning and ending exposure. Using these
dimensions, an a priori cumulative exposure index was
calculated with the following categories: ‘no exposure’
consisted of never exposed subjects and those for whom
the degree of confidence that the exposure actually oc-
curred was coded as just ‘possible’ by the hygienists; the
remaining subjects, whose exposure to wood dust was
rated as probable or definite, were considered as ‘ex-
posed’ for these analyses. We further subdivided those
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‘exposed’ into two exposure groups: ‘substantial expos-
ure’ was assigned to subjects who had been exposed to
medium or high concentrations, during more than 5% of
their work week, and for 5 years or more, whereas ‘non-
substantial exposure’ was assigned to the remaining ex-
posed subjects. Exposures having occurred less than five
years previous to the index date were discounted on
latency grounds. Other cumulative exposure indices were
calculated using different combinations of weights to the
exposure dimensions frequency, concentration, duration
and latency. None of these indices showed better goodness-
of-fit than the simple categories described above so they
are not presented here.
Besides treating smoking as an a priori confounder, we

explored potential effect modification by smoking. Since
the number of never smokers among cases was very low,
the non-smokers category was supplemented with lifetime
low intensity smokers. Operationally, we defined lifetime
low intensity smokers as individuals having a CSI value
below the 25th percentile on this scale. Because of the way
it is constructed [28], the CSI index does not translate eas-
ily onto the duration or daily amount of pack-year scale.
We can illustrate the amount of smoking in these categor-
ies by showing two smoking profiles that would fall on the
Table 1 Selected socio-demographic characteristics of male su

Stu
(1979

Variables Categories Population controls Can

N = 533

Age group (%) ≤55 years 28.0

56-65 years 45.2

66-75 years 26.8

Ethnolinguistic group (%) French 64.2

English 14.1

Other 21.8

Schooling (%) <7 years 20.3

7-12 years 56.1

≥13 years 23.6

Median family income* 100

Smoking (%) Never 19.7

Current 46.9

Quit smoking (%) 2-5 years ago 8.8

5-10 years ago 7.9

>10 years ago 16.7

Mean pack-years** 49,9

Respondent (%) Self 87.4

Proxy 12.6

*Indicator of inter-subject mean of the median family income for census tract of res
reference value for each study (x 100). Based on the 1981 census for Study I and th
**Among ever smokers, based on 20 cigarettes per packet.
25th percentile of the CSI scale, namely: a current smoker
who smoked three cigarettes per day during 40 years (with
lifetime cumulative exposure of 6 pack-years), or a former
smoker who smoked six cigarettes a day for 30 years and
quit 10 years ago (with cumulative exposure of 9.8 pack
years). Smokers with CSI values above the 25th percentile
were considered medium/heavy smokers. To evaluate the
statistical significance of the difference in ORs between
the two strata of smokers, we carried out an analysis based
on all subjects including the two variables, smoking status
(binary) and exposure to wood dust (binary), by testing
their cross-product term. The continuous CSI variables
were maintained as a covariate in the models to avoid any
residual confounding within the smoking status strata.
The associations between wood dust and the most

prevalent histologic types of lung cancer, namely squa-
mous cell, adenocarcinoma, small cell and large cell, were
also evaluated.

Results
Table 1 shows the distribution of cases and controls ac-
cording to different socio-demographic characteristics. In
both studies, compared to controls, cases were more likely
to have French ancestry, had fewer years of education,
bjects in the two case–control studies, Montreal, Canada

dy I
–1986)

Study II
(1996–2001)

cer controls Cancer cases Population controls Cancer cases

N = 1349 N = 857 N = 894 N = 736

32.5 27.4 11.9 13.6

43.7 50.8 28.6 32.9

23.7 21.8 59.5 53.5

58.0 69.1 64.4 77.4

16.1 13.5 6.4 4.6

25.9 17.4 29.2 17.9

22.3 30.3 24.7 28.0

55.2 57.1 48.1 56.2

22.5 12.6 27.2 15.8

93 84 100 94

17.3 1.5 17.7 2.4

58.0 79.9 29.2 67.5

6.7 7.6 2.8 4.3

6.2 6.0 6.6 5.8

11.8 5.0 43.7 19.8

52.3 74.3 50.3 78.5

80.8 70.6 90.3 60.2

19.2 29.4 9.7 39.8

idence, using the study-specific mean value among population controls as the
e 1991 census for Study II.
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lived in census tract regions with lower median family in-
come and were more likely to have had a proxy responding
for them. As expected, the proportion of current smokers
and the intensity of smoking were higher among cases than
among controls. It is noteworthy that there is a marked de-
crease in the proportion of current smokers between study
I and II among the controls, reflecting the smoking habits
trend of the last decades in North America [32].
Wood dust, among all agents assessed, was one of the

most prevalent exposures for males in both our studies.
In both studies combined, out of a total of 18,304 jobs
classified and evaluated for the present analysis, 1,906
(10.4%) were considered as exposed to wood dust. During
the period of greatest relevance of this study (1945–1996),
the industrial profile of the Montreal area was quite di-
verse, and changed substantially during these years. Table 2
presents the occupations where most of the exposure to
wood dust occurred in our two study samples. To better
illustrate the shift in importance of some occupations
across our study periods, we differentiated the exposure
that happened before and after 1960. The top four cat-
egories of occupations on the list, with varying importance
depending on the study and period, are carpenters, timber
cutting occupations, cabinet and wood furniture makers,
and occupations in laboring and other construction trades.
Within each study sample, between the two periods there
was an increase in construction-related jobs and a de-
crease in timber cutting and related occupations.
Table 2 Distribution of occupations held by male subjects exp

All jobs Job

n = 1017* n

Occupation title %**

Carpenters and related occupations 16,7

Occupations in labouring and other elemental work,
and other construction trades

13.3

Timber cutting and related occupations 10,7

Cabinet and wood furniture makers 7.1

Painters, paperhangers and related occupations 3,8

General workers, farm 3,2

Construction electricians and repair workers 2,5

Truck drivers 2,1

Brick and stone masons and tile setters 1,7

Janitors, charworkers and cleaners 1,5

Wood processing, except paper pulp 1.3

Pipefitting, plumbing and related occupations 0.9

All other jobs with wood dust exposure 35.2

*Numbers of jobs with exposure to wood dust. Each subject may have been expose
time periods; thus the sum of numbers under the two time periods exceeds the tot
**Percentage of subjects with wood dust exposure who were in each listed occupa
Table 3 shows the adjusted ORs between lung cancer
and occupational exposure to wood dust for study II and
study I, using both control groups. Overall risk esti-
mates were slightly higher in study II than in study I.
In study I, when using population controls, the non-
statistically-significant ORs were below 1.0. Results of
study I with cancer controls and for study II showed re-
sults close to null, except for increased risks at the sub-
stantial exposure levels (for study I: OR = 1.4, 95% CI =
1.0-2.0; for study II: OR = 1.7, 95% CI = 1.1-2.7).
Additional file 1: Table S1 shows results of a sensitivity

analysis in which we excluded and included two covari-
ates, SES and other occupational carcinogens. The table
shows that there was not really a great impact of inclu-
sion or exclusion of these covariates on the OR between
wood dust and lung cancer. The only discrepancy among
analogous estimates was in Study II, for Substantial ex-
posure; the estimate when including other occupational
carcinogens was a bit lower than when not including
them in the model. Inclusion or exclusion of SES barely
affected the OR estimates.
Table 4 shows OR estimates for exposure to wood dust,

stratified by smoking status. Among never/low smokers,
most of the results were close to null and did not reach
statistical significance, with a wide confidence interval due
to small number of never-smokers in both studies. Among
medium and heavy smokers, we found an increased risk
associated with substantial exposure to wood dust in
osed to wood dust in two distinct periods

Study I Study II

s before
1960

Jobs after
1960

All jobs Jobs before
1960

Jobs after
1960

= 766 n = 539 n = 889 n = 494 n = 569

% % % %

15.9 21.5 11.6 9.3 14.1

11.7 16.1 19.7 17.5 23.4

13.8 4.5 9.9 16.4 3.3

6.4 6.9 4.7 4.3 4.7

4.0 4.3 1,5 1.0 1.9

4.3 0.6 1,3 2.4 0.2

2.9 2.6 4,2 3.8 5.1

2.2 1.1 2,9 2.8 3.0

2.2 1.1 1,2 1.6 1.2

0.5 2.6 3,3 1.4 4.2

1.4 0.9 2,2 3.0 1.2

1.0 0.7 3,1 4.3 3.0

33.7 37.1 34,4 32.2 34.7

d in more than one job. Jobs that overlapped 1960 were included in both
al number of jobs.
tion.



Table 3 Odds ratio for lung cancer associated with occupational exposure wood dust in two case–control studies

Controls Cases OR1* OR2** 95% CI (OR2)

Study I Population Controls

No exposure 389 630 1.0 1.0 (ref)

Any level of exposure 144 227 0.8 0.7 0.5 1.0

Any level≤ 20 years 88 141 0.8 0.7 0.5 1.0

Any level > 20 years 56 86 0.7 0.7 0.4 1.1

Non-substantial level 74 113 0.8 0.7 0.5 1.0

Substantial level 70 114 0.7 0.7 0.5 1.0

Study I Cancer Controls

No exposure 1072 630 1.0 1.0 (ref)

Any level of exposure 277 227 1.2 1.1 0.9 1.5

Any level≤ 20 years 179 141 1.2 1.1 0.8 1.5

Any level > 20 years 98 86 1.2 1.2 0.8 1.7

Non-substantial level 161 113 1.0 1.0 0.7 1.3

Substantial level 116 114 1.5 1.4 1.0 2.0

Study II Population Controls

No exposure 640 501 1.0 1.0 (ref)

Any level of exposure 254 235 1.2 1.1 0.9 1.5

Any level≤ 20 years 165 139 1.1 1.0 0.8 1.4

Any level > 20 years 89 96 1.4 1.3 0.9 1.9

Non-substantial level 201 167 1.1 1.0 0.7 1.3

Substantial level 53 68 1.9 1.7 1.1 2.7

*adjusted for age, ethnolinguistic group, years of education, median family income, respondent status and cigarette index.
**adjusted for the same covariates as above, as well as IARC Group 1 occupational carcinogens (asbestos, diesel exhaust, formaldehyde, cadmium, chromium VI,
nickel and silica).

Table 4 Odds ratio for lung cancer associated with occupational exposure to wood dust, stratified by smoking status,
and test for interaction

Never-low smokers Medium-heavy smokers p-value

Controls Cases OR* 95% CI Controls Cases OR* 95% CI (interaction)

Study I Population Controls Population Controls

No exposure 162 56 1.0 (ref) 227 574 1.0 (ref)

Any level of exposure 48 19 0.7 0.3 1.4 96 208 0.7 0.5 1.0 0.714

Non-substantial level 31 15 0.4 0.1 1.2 44 106 0.8 0.5 1.2 0.310

Substantial level 17 4 1.0 0.4 2.8 52 102 0.6 0.4 1.0 0.110

Study I Cancer controls Cancer controls

No exposure 411 56 1.0 (ref) 661 574 1.0 (ref)

Any level of exposure 83 19 0.9 0.4 1.7 194 208 1.2 0.9 1.5 0.508

Non-substantial level 50 7 0.5 0.2 1.3 111 106 1.0 0.8 1.4 0.790

Substantial level 33 12 1.6 0.7 3.9 83 102 1.3 0.9 1.9 0.235

Study II Population Controls Population Controls

No exposure 269 40 1.0 (ref) 371 461 1.0 (ref)

Any level of exposure 87 10 0.8 0.3 1.8 167 225 1.2 0.9 1.6 0.196

Non-substantial level 70 5 0.5 0.2 1.3 131 162 1.1 0.8 1.5 0.078

Substantial level 17 5 2.4 0.7 7.9 36 63 1.6 1.0 1.5 0.805

*adjusted for age, ethnolinguistic group, years of education, median family income, respondent status, cigarette index and IARC Group 1 known carcinogens
(asbestos, diesel exhaust, formaldehyde, cadmium, chromium VI, nickel and silica).
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study II (OR = 1.6, 95% CI = 1.0-1.5). When combining
the smoking strata, the interaction terms between smok-
ing and wood dust exposure were not significant. Overall,
there was no clear evidence of effect-modification between
smoking and wood dust exposure.
Table 5 presents the results for each of the major histo-

logical types, for each study. Analyses were analogous to
those reported for all lung cancers. For squamous cell
carcinomas, we found an increased risk with substantial
exposure, in study I with cancer controls (OR = 1.7, 95%
CI = 1.1-2.6). We did not find elevated risks for small cell
carcinomas in either study. For adenocarcinoma and
large cell carcinoma, respectively, we found increased
risk after substantial exposure to wood dust, only in
study II (OR = 1.9, 95% CI = 1.0-3.7 and OR = 2.7, 95%
CI = 1.2-6.0). However, smaller numbers of cases and
controls in each sub-type analyses prevent us from draw-
ing strong conclusions.
To assess whether the inclusion of proxy responses in-

fluenced results, we conducted a sensitivity analysis re-
stricted to self-respondents. The results are shown in a
supplementary Table that mimics Table 3 [see Additional
file 2: Table S2]. The ORs among self-respondents were
similar to those found among all subjects. The OR for
substantial exposure in study II, among self-respondents,
was 1.6 (95% CI = 1.0-2.6), while among all subjects it
was 1.7 (95% CI = 1.1-2.7).

Discussion
Millions of people worldwide are exposed occupationally
and non-occupationally to inhalable wood dust. Whereas
Table 5 Odds ratio for lung cancer associated with occupatio

Squamous cell

Controls Cases OR* 95% CI Case

Study I Population controls

No exposure 389 255 1.0 (ref) 116

Any level of exposure 144 104 0.8 0.5 1.2 43

Non-subst. level 74 49 0.8 0.5 1.2 19

Substantial level 70 55 0.8 0.5 1.4 24

Study I Cancer Controls

No exposure 1072 255 1.0 (ref) 116

Any level of exposure 272 104 1.3 0.9 1.8 43

Non-subst. level 161 49 1.0 0.7 1.5 19

Substantial level 116 55 1.7 1.1 2.6 24

Study II Population Controls

No exposure 640 166 1.0 (ref) 87

Any level of exposure 254 95 1.2 0.8 1.7 38

Non-subst. level 201 72 1.1 0.8 1.7 26

Substantial level 53 23 1.3 0.7 2.5 12

*adjusted for age, ethnolinguistic group, years of education, median family income,
(asbestos, diesel exhaust, formaldehyde, cadmium, chromium VI, nickel and silica).
there is sufficient evidence in humans for the carcino-
genicity of wood dust on nasal cavity, paranasal sinuses
and nasopharynx, evidence on the association with lung
cancer remains inconclusive [5,9,33]. From an attribut-
able risk or a compensation point of view, it is more im-
portant to establish whether or not wood dust causes
lung cancer. Among studies that reported an increase
in risk of lung cancer and where tobacco smoking was
adjusted for, the exposure circumstances included pulp-
paper mill workers [10,16], woodworking [14,34], furni-
ture or cabinet-maker [35] or varied sources of exposure
[6,15,17,33,36]. Many previous studies focused on a
particular industry or locale where it could be expected
that exposure levels were quite high. We believe that our
population-based study sample included a broader range
of exposure circumstances than most previous studies,
and that there were proportionately more subjects with
lower exposure levels than in some previously studied
cohorts.
When all wood-exposed workers were combined, we

found no clear association between occupational expos-
ure to wood dust and lung cancer in the analyses of our
three subsets. However, among those exposed to wood
dust at a substantial cumulative level, we found a sta-
tistically significant risk in study II, and in study I
when using cancer controls. Overall relative risks
seemed slightly higher among never-low smokers than
among medium-heavy smokers, but this effect modifi-
cation was not statistically significant. To the extent that
such effect modification has been previously explored,
some investigators found the higher risk of wood dust
nal exposure to wood dust by histological types

Small cell Adenocarcinoma Large cell and others

s OR* 95% CI Cases OR* 95% CI Cases OR* 95% CI

1.0 (ref) 131 1.0 (ref) 128 1.0 (ref)

0.7 0.4 1.2 36 0.5 0.3 0.8 44 0.7 0.4 1.1

0.6 0.3 1.2 21 0.7 0.4 1.2 24 0.7 0.4 1.3

0.8 0.4 1.5 15 0.3 0.2 0.7 20 0.6 0.3 1.1

1.0 (ref) 131 1.0 (ref) 128 1.0 (ref)

1.2 0.7 1.8 36 1.0 0.6 1.5 44 1.1 0.7 1.7

0.9 0.5 1.5 21 1.0 0.6 1.7 24 1.0 0.6 1.7

1.6 0.9 2.8 15 0.9 0.5 1.7 20 1.2 0.7 2.1

1.0 (ref) 171 1.0 (ref) 77 1.0 (ref)

0.8 0.5 1.3 70 1.1 0.8 1.7 32 1.1 0.7 1.9

0.6 0.3 1.1 50 1.0 0.6 1.5 19 0.8 0.5 1.5

1.8 0.8 4.3 20 1.9 1.0 3.7 13 2.7 1.2 6.0

respondent status, cigarette index and IARC Group 1 known carcinogens
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related lung cancer among smokers than among non-
smokers [6,17,33].
We included in the final models all variables that were

considered as known or a priori confounders. A sensitivity
analysis evaluating the impact of inclusion or exclusion of
SES and other occupational carcinogens indicated that in
this study, inclusion of SES, after including smoking and
other a priori confounders, did not affect the results for
wood dust. The same was mainly true in regard to inclu-
sion of other occupational carcinogens, though in Study II
there was a small but distinct reduction in OR when other
occupational carcinogens were included. In themselves,
these sensitivity analyses do not answer the question as to
whether SES is a confounder or a collider.
The elevated risk of lung cancer among workers with

substantial exposure was also found for squamous cell
cancers, large cell carcinomas and adenocarcinomas, but
not for small cell carcinomas. Some other investigators
have also reported stronger associations between wood
dust and squamous cell [13,17], adenocarcinoma [33] and
non-small cell carcinomas [15] than small cell carcinomas.
It is not clear why results in study I differed when using

population controls or cancer controls. ORs were lower
using population controls, reflecting a higher prevalence
of exposed subjects among population controls (27% over-
all and 13% at the substantial level) than among cancer
controls (21% overall and 9% at the substantial level). We
postulate that the lower participation rate among popula-
tion controls (72%) than among cancer controls (80%) has
produced a biased set of population controls, but we can-
not be certain of this conjecture.
The era of exposure spanned several decades, mainly

from 1940s to 1970s for study I, and from 1960s to 1990s
in study II. Because of the substantial overlap in eras of
exposure between the two studies, it is difficult to use the
trend in results between the two studies to draw inference
about the changing risks over time. As seen in Table 2,
there were some shifts over time in the distribution of oc-
cupations exposed to wood dust. Study II had more con-
struction workers than Study I, whereas Study I had more
timber cutters than Study II.
Strengths of this work include the large number of sub-

jects, the availability of histological type of lung cancer, the
collection of detailed lifetime job histories, the labor-
intensive expert assessment of exposure, and the collection
of extensive information on smoking and other covariates.
In addition to being able to carefully control for the
possible confounding effect of smoking [28], we were
also able to control for major occupational carcinogenic
co-exposures. Occupational exposure was attributed retro-
spectively to subjects on the basis of their lifetime job his-
tory reported at the interview and their assessment by a
team of experts. We have previously shown that subjects’
reports of occupational history were valid [37] and that
our team of chemists and industrial hygienists attributed
exposure with reasonable reliability [38] and validity [39].
Nevertheless, our study is subject to exposure misclassifi-
cation; this misclassification is likely to be non-differential
between cases and controls since assessment of exposure
was done blindly with respect to disease status. Other lim-
itations are the inability to assess whether exposures were
to hardwoods or softwoods and the lack of quantitative
data on exposure levels.

Conclusion
In conclusion, we did not find a clear association between
occupational exposure to wood dust and lung cancer,
when all wood-exposed workers were grouped together.
When restricting to those exposed to wood dust at a sub-
stantial level, we found an increased risk in two of three
subsets of the data. These results provide evidence in favor
of the hypothesis of an association between substantial
exposure to wood dust and lung cancer. Given the high
prevalence of exposure to wood dust, these results are
important.

Additional files

Additional file 1: Table S1. Odds ratio for lung cancer associated with
occupational exposure to wood dust in two case–control studies, with
and without adjustment for markers of SES and coexposure to Group 1
carcinogens.

Additional file 2: Table S2. Odds ratio for lung cancer associated
with occupational exposure to wood dust in two case–control studies,
restricted to self-respondents.

Competing interests
The authors declare that they have no competing interests.

Authors’ contribution
All co-authors contributed significantly to the research. JS designed both
Studies (I and II) included in this manuscript, developed the methods for
assessment of occupational exposures, and supervised its implementation.
MEP helped in the supervision of field activities for Study II. EV conducted
the literature review, statistical analysis, and prepared the first draft for all
sections of the article with the help and supervision of JP. All co-authors
participated in the editing and correction of the final text. All authors read
and approved the final manuscript.

Acknowledgements
The fieldwork was set up and supervised by Lesley Richardson. Exposure
assessment methods and chemical coding were developed and
implemented mainly by Michel Gérin, Louise Nadon, Denis Bégin, Ramzan
Lakhani, and Benoît Latreille. Study I was funded by the Canadian Cancer
Society, the Fonds de la Recherche du Québec – Santé (FRQS), and Health
Canada. Study II was funded by the Medical Research Council of Canada,
the Canadian Institutes for Health Research (CIHR), and the Guzzo-Cancer
Research Society Chair in Environment and Cancer. Salary support was
provided to J. S. by the Canada Research Chair in Environmental Epidemiology
and to M.-E. P. by the FRQS.

Author details
1INRS – Armand-Frappier Institute, Université du Québec, Laval, QC, Canada.
2CHUM Research Center, Université de Montréal, Montréal, QC, Canada.
3Department of Social and Preventive Medicine, University of Montreal,
Montreal, QC, Canada.

http://www.biomedcentral.com/content/supplementary/1476-069X-14-1-S1.doc
http://www.biomedcentral.com/content/supplementary/1476-069X-14-1-S2.doc


Vallières et al. Environmental Health 2015, 14:1 Page 9 of 9
http://www.ehjournal.net/content/14/1/1
Received: 8 October 2014 Accepted: 24 December 2014
Published: 7 January 2015

References
1. World Health Organization. The Global Burden of Disease. Geneva: World

Health Organization; 2008.
2. Doll R, Peto R. The causes of cancer: quantitative estimates of avoidable risks of

cancer in the United States today. J Natl Cancer Inst. 1981;66:1191–308.
3. Driscoll T, Nelson DI, Steenland K, Leigh J, Concha-Barrientos M, Fingerhut M,

et al. The global burden of-disease due to occupational carcinogens. Am J Ind
Med. 2005;48:419–31.

4. IARC. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans,
Vol. 62. Wood dust and formaldehyde. Lyon: IARC (International Agency for
Research on Cancer); 1995.

5. IARC. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans,
Vol. 100. A review of human carcinogens, part C: arsenic, metals, fibres, and
dusts. Lyon: IARC (International Agency for Research on Cancer); 2012.

6. Bhatti P, Newcomer L, Onstad L, Teschke K, Camp J, Morgan M, et al. Wood
dust exposure and risk of lung cancer. Occup Environ Med. 2011;68:599–604.

7. Matos EL, Vilensky M, Mirabelli D, Boffetta P. Occupational exposures and lung
cancer in Buenos Aires, Argentina. J Occup Environ Med. 2000;42:653–9.

8. Dement J, Pompeii L, Lipkus IM, Samsa GP. Cancer incidence among union
carpenters in New Jersey. J Occup Environ Med. 2003;45:1059–67.

9. Siew SS, Kauppinen T, Kyyronen P, Heikkila P, Pukkala E. Occupational exposure
to wood dust and formaldehyde and risk of nasal, nasopharyngeal, and lung
cancer among Finnish men. Canc Manag Res. 2012;4:223–32.

10. Andersson E, Persson B, Bryngelsson IL, Magnuson A, Westberg H. Cancer
mortality in a Swedish cohort of pulp and paper mill workers. Int Arch
Occup Environ Health. 2010;83:123–32.

11. Innos K, Rahu M, Rahu K, Lang I, Leon DA. Wood dust exposure and cancer
incidence: A retrospective cohort study of furniture workers in Estonia. Am J
Ind Med. 2000;37:501–11.

12. Pukkala E, Martinsen JI, Lynge E, Gunnarsdottir HK, Sparen P, Tryggvadottir L,
et al. Occupation and cancer - follow-up of 15 million people in five Nordic
countries. Acta Oncol. 2009;48:646–790.

13. Laakkonen A, Kyyronen P, Kauppinen T, Pukkala EI. Occupational exposure
to eight organic dusts and respiratory cancer among Finns. Occup Environ
Med. 2006;63:726–33.

14. Stellman SD, Demers PA, Colin D, Boffetta P. Cancer mortality and wood
dust exposure among participants in the American Cancer Society Cancer
Prevention Study-II (CPS-II). Am J Ind Med. 1998;34:229–37.

15. Wu XF, Delclos GL, Annegers JF, Bondy ML, Honn SE, Henry B, et al.
A case–control study of wood dust exposure, mutagen sensitivity, and
lung cancer risk. Canc Epidemiol Biomarkers Prev. 1995;4:583–8.

16. Szadkowska-Stanczyk I, Szymczak W. Nested case–control study of lung
cancer among pulp and paper workers in relation to exposure to dusts. Am
J Ind Med. 2001;39:547–56.

17. Jayaprakash V, Natarajan KK, Moysich KB, Rigual NR, Ramnath N, Natarajan N,
et al. Wood dust exposure and the risk of upper aero-digestive and respiratory
cancers in males. Occup Environ Med. 2008;65:647–54.

18. Siemiatycki J, Richardson L, Gerin M, Goldberg M, Dewar R, Desy M, et al.
Associations between several sites of cancer and nine organic dusts: results
from an hypothesis-generating case–control study in Montreal, 1979–1983.
Am J Epidemiol. 1986;123:235–49.

19. Gérin M, Siemiatycki J, Kemper H, Bégin D. Obtaining occupational exposure
histories in epidemiologic case–control studies. J Occup Environ Med.
1985;27:420–6.

20. Siemiatycki J, Wacholder S, Richardson L, Dewar R, Gérin M. Discovering
carcinogens in the occupational environment: methods of data collection
and analysis of a large case-referent monitoring system. Scand J Work
Environ Health. 1987;13:486–92.

21. Siemiatycki J. Risk Factors for Cancer in the Workplace. Boca Raton: CRC
Press; 1991.

22. Wacholder S, Silverman DT, McLaughlin JK, Mandel JS. Selection of controls in
case–control studies II. Types of controls. Am J Epidemiol. 1992;135:1029–41.

23. Minister of Manpower and Immigration. Canadian Classification and
Dictionary of Occupations 1971. Vol 1. Classification and Definitions. Ottawa:
Information Canada; 1974.

24. Gérin M, Siemiatycki J. The occupational questionnaire in retrospective
epidemiologic studies: recent approaches in community-based studies.
Appl Occup Environ Hyg. 1991;6:495–501.
25. Siemiatycki J. Exposure assessment in community-based studies of occupational
cancer. Occup Hyg. 1996;3:41–58.

26. Parent ME, Rousseau MC, Boffetta P, Cohen A, Siemiatycki J. Exposure to
diesel and gasoline engine emissions and the risk of lung cancer. Am J
Epidemiol. 2007;165:53–62.

27. Breslow NE, Day NE. Statistical Methods in Cancer Research Volume 1 - The
analysis of case–control studies. Lyon: International Agency for Research on
Cancer; 1980. IARC Scientific Publications.

28. Leffondré K, Abrahamowicz M, Xiao Y, Siemiatycki J. Modelling smoking
history using a comprehensive smoking index: application to lung cancer.
Stat Med. 2006;25:4132–46.

29. Richiardi L, Barone-Adesi F, Merletti F, Pearce N. Using directed acyclic
graphs to consider adjustment for socioeconomic status in occupational
cancer studies. J Epidemiol Community Health. 2008;62:e14.

30. Brisson C, Loomis D, Pearce N. Is social class standardisation appropriate in
occupational studies? J Epidemiol Community. 1987;41:290–4.

31. Boffetta P, Kogevinas M, Westerholm P, Saracci R. Exposure to occupational
carcinogens and social class differences in cancer occurrence. IARC Sci Publ.
1997;138:331–41.

32. Shields M. The journey to quitting smoking. Health Reports, in Statistics
Canada Catalogue no 82–003. 2005;16:19–36.

33. Barcenas CH, Delclos GL, El-Zein R, Tortolero-Luna G, Whitehead LW, Spitz
MR. Wood dust exposure and the association with lung cancer risk. Am J
Ind Med. 2005;47:349–57.

34. Coggon D, Pannett B, Osmond C, Acheson ED. A survey of cancer and
occupation in young and middle aged men. I Cancers of the respiratory
tract. Br J Ind Med. 1986;43:332–8.

35. Ronco G, Ciccone G, Mirabelli D, Troia B, Vineis P. Occupation and lung cancer
in two industrialized areas of northern Italy. Int J Canc. 1988;41:354–8.

36. Levin LI, Zheng W, Blot WJ, Gao Y-T, Fraumeni JJF. Occupation and lung
cancer in Shanghai: a case–control study. Br J Ind Med. 1988;45:450–8.

37. Baumgarten M, Siemiatycki J, Gibbs GW. Validity of work histories obtained
by interview for epidemiologic purposes. Am J Epidemiol. 1983;118:583–91.

38. Siemiatycki J, Fritschi L, Nadon L, Gerin M. Reliability of an expert rating
procedure for retrospective assessment of occupational exposures in
community-based case–control studies. Am J Ind Med. 1997;31:280–6.

39. Fritschi L, Nadon L, Benke G, Lakhani R, Latreille B, Parent ME, et al.
Validation of expert assessment of occupational exposures. Am J Ind Med.
2003;43:519–22.

doi:10.1186/1476-069X-14-1
Cite this article as: Vallières et al.: Occupational exposure to wood dust
and risk of lung cancer in two population-based case–control studies in
Montreal, Canada. Environmental Health 2015 14:1.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data collection
	Data analysis

	Results
	Discussion
	Conclusion
	Additional files
	Competing interests
	Authors’ contribution
	Acknowledgements
	Author details
	References

