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A population-based case-control study of the associations between various can-
cers and occupational exposures was carried out in Montreal, Quebec, Canada.
Between 1979 and 19886, 484 persons with pathologically confirmed cases of bladder
cancer and 1,879 controls with cancers at other sites were interviewed, as was a
series of 533 population controls. The job histories of these subjects were evaluated
by a team of chemist/hygienists for evidence of exposure 1o a list of 294 workplace
chemicals, and information on relevant non-occupational confounders was obtained.
On the basis of results of preliminary analyses and literature review, 19 occupations,
11 industries, and 23 substances were selected for in-depth multivariate analysis.
Logistic regression analyses were carried out to estimate the odds ratio between each
of these occupational circumstances and bladder cancer. There was weak evidence
that the following substances may be risk factors for bladder cancer: natural gas
combustion products, aromatic amines, cadmium compounds, photographic prod-
ucts, acrylic fibers, polyethylene, titanium dioxide, and chlorine. Among the sub-
stances evaluated which showed no evidence of an association were benzo(a)pyrene,
leather dust, and formaldehyde. Several occupations and industries were associated

with bladder cancer, including motor vehicle drivers and textile dyers. Am J Epidemiol
1994;140:1061-80.
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Internationally, there is about a 10-fold
variation in the incidence of bladder cancer,
with the highest rates appearing in western
Europe and North America (1). The varia-

tion among Caucasian populations in dif-
ferent areas of western Europe and North
America is only about twofold, with an
annual incidence among males in the range
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of 15-30 per 100,000 (1). The incidence is
about 5 times lower among females.

The most important known risk factor for
bladder cancer in North America and Eu-
_ rope is cigarette smoking, which increases
the risk two- to fivefold and which may be
responsible for as many as 50 percent of all
cases (2). There is some evidence that cof-
fee drinking increases bladder cancer risk,
but if it does, the carcinogenic effect is
weak (3). There is no strong evidence that
diet or other lifestyle habits are risk factors
for bladder cancer. While there have been
some reports implicating various other fac-
tors as etiologic agents (diet, water chlori-
nation by-products, some medications, uri-
nary tract infections), for none of them is
the current evidence strong enough to con-
clude that they are responsible for signifi-
cant fractions of bladder cancer in industri-
alized countries (4).

Bladder cancer has long been recognized
as an occupation-related tumor. It has been
estimated that as much as 20 percent of
bladder cancers could be attributable to oc-
cupational carcinogens (5). There are sev-
eral known and suspected occupational
bladder carcinogens, some of which have
been recognized for many decades. Most
notable among these are 2-naphthylamine
and benzidine, which have been associated
with relative risks as high as 10-50 among
highly exposed workers (6, 7). Excess risks
of bladder cancer have been documented in
cohorts from several industries: magenta or
auramine manufacturing, the rubber indus-
try, aluminum production, and coal gasifi-
cation. However, some of these industries
have been transformed or virtually elimi-
nated, and it is not clear whether substan-
tial risks of occupational bladder cancer
remain.

In 1979, a population-based case-control
study was undertaken in Montreal, Quebec,
Canada, to search for evidence on the pos-
sible associations between many types of
cancer and hundreds of occupational expo-

sures (8). Detailed job histories were col-
lected from cancer cases and population
controls, and a specially ‘trained team of
industrial hygienists and chemists trans-
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lated the job descriptions into histories of
occupational exposures. In an initial statis-
tical analysis, estimates were made of the
odds ratio between each cancer site and
each occupational exposure (9). The
present paper reports results from much
more refined analyses, focusing only on
bladder cancer as a target organ and on two
sets of occupational exposures: those that
were associated with bladder cancer in the
initial analysis and those for which there
was prior evidence of an effect.

MATERIALS AND METHODS

The study’s overall design and data col-
lection methods have been detailed else-
where (9-11) and will be briefly sketched
here. A total of 19 cancer sites were se-
lected for study among males aged 35-70
years who resided in the Montreal area.
Participation of all large hospitals in the
area assured virtually complete population-
based ascertainment of cases. A case was
eligible for inclusion in the study only if the
diagnosis was new and had been histolog-
ically confirmed. Between 1979 and 1986,
out of 4,576 eligible cancer patients, a total
of 3,730 patients (82 percent) were success-
fully interviewed, mostly face-to-face.
Over 82 percent of the subjects responded
for themselves; proxies provided informa-

- tion for the rest. During the same period,

740 population controls were selected, in
some years from electoral lists and in some
years by random digit dialing. (In Canada,
an active enumeration process results in
virtually complete electoral lists. However,
they are compiled just prior to elections,
and thus become outdated within a few
years.) Of these, 533 persons (72 percent)
were successfully interviewed.

The questionnaire had two parts: a struc-
tured section requesting information on im-
portant potential confounders and a semi-
structured probing section designed to
obtain a detailed description of each job the
subject had had in his working lifetime.

A team of chemists and hygienists exam-
ined each completed questionnaire and
translated each job into a list of potential
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exposures by means of a checklist form
which included 294 substances. For each
exposure thought to be present in a given
job, the chemists noted three dimensions of
information, each on a three-point scale:
their degree of confidence that the exposure
had actually occurred (possible, probable,
or definite), the frequency of exposure dur-
ing a normal workweek (<5 percent, 5-30
percent, or >30 percent), and the level of
concentration of the agent in the enyviron-
ment (low, medium, or high). ‘

Bladder cancer cases and controls

There were 484 bladder cancer patients
interviewed out of 575 eligible subjects (a
response rate of 84 percent). Among the
484 bladder cancers, 91 percent were pap-
illary or transitional cell types, 8 percent
were adenocarcinomas, and 1 percent were
squamous cell carcinoma. Two distinct sets
of controls were used, population controls
and cancer controls. The population control
group consisted of the 533 subjects men-
tioned above. A cancer control group was
formed, consisting of most other cancer
patients interviewed in the study, excluding
those with lung or kidney cancer. Among
the remaining sites, we subsampled some of
the more numerous ones to ensure that no
single site would constitute more than 25
percent of all cancer controls. In total, there
were 1,879 cancer controls, consisting of
the following sites: esophagus (n = 97),
stomach (n = 247), small intestine (n =
20), colon (n = 197), rectum (n = 255),
liver (n = 47), gallbladder (n = 30), pan-
creas (n = 115), prostate (n = 390), testis
(n = 25), melanoma (n = 120), lymphoid
tissue (n = 266), myeloma (n = 23), and
others (n = 47).

Selected characteristics of the bladder
cancer cases and the two control groups are
given in table 1. The distributions of the
following variables were similar across
case and control groups: age, ethnic group,
family income, and vitamin A consumption
index. There were differences in smoking,
coffee consumption, and status of the re-
spondent (self vs. proxy).
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TABLE 1. Selected characteristics of case and
control groups in a study of bladder cancer and
occupational exposures, Montreal, Quebec,
Canada, 1979-1986

Control group

Non-occupational Cases
factor (n=484) Cancer Population
(n=1,879) (n=533)
Mean age (years) 59.3 58.5 59.6

Mean annual family
income (dollars)* 25,818 25,622 26,430
Ethnic French-,

Canadian (%) 60 60 61
Ever a regular

smoker (%) 91 82 80
Ever a regular coffee

drinker (%) 89 84 86
Mean vitamin A index 113 109 112
Proxy respondent (%) 14 22 13

* Indexed to 1981 values.

Previous analysis

A preliminary analysis of this data set has
been conducted focusing on 294 exposures,
98 occupation categories, and 77 industry
categories (i.e., a total of 469 occupational
circumstances) (9). The occupation and in-
dustry categories were exhaustive but not
mutually exclusive (e.g., truck driver and
motor vehicle worker were separate catego-
ries, although the former was a subset of the
latter). Risk due to each occupational cir-
cumstance (substance, job group, or indus-
trial group) was evaluated in four different
analytic configurations based on population
controls or cancer controls and ever ex-
posed or substantially exposed, where the
latter was a function of duration and inten-
sity of exposure. All analyses were carried
out using the Mantel-Haenszel method
(12). For bladder cancer, there was stratifi-
cation on the following confounding-vari-
ables: age, ethnicity, smoking, socioeco-
nomic status, regular coffee consumption,
and respondent status (self or proxy). Many
occupational circumstances were appar-
ently associated with bladder cancer.
Whereas these initial analyses were based
on one-exposure-at-a-time models, it was
desirable to carry out analyses in which the
mutual confounding among exposures
might be taken into account.
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