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OBJECTIVES - A hospital-based case-referent study was carried out in Lyon with the purpose of gen­
erating hypotheses about the role of occupational exposures to 320 compounds in bladder carcino­
genesis.
METHODS - Job histories were obtained by questionnaire for 116 cases and 232 reference patients
with diseases other than cancer (one referent from the same hospital ward and one from another ward
of the same hospital per case); the referents were matched for gender, hospital, age, and nationality.
Systematic coding of exposures, with a blind analysis of job histories, was carried out by a team of
experts in chemistry and occupational health.
RESULTS - Significantly elevated odds ratios were observed for exposure to pyrolysis and combus­
tion products [odds ratio (OR) 2.3, 95% confidence interval (95% CI) 1.0---4.0] when the general
referents were used and for cutting fluids (OR 2.6, 95% CI 1.2-5.4) when tobacco consumption was
adjusted for. The latter was highest among the category consisting of blue-collar and unskilled work­
ers, supervisors, and agricultural workers (OR 4.6 95% CI 2.0-10.6), while the odds ratio for the
other category was 0.8 (95% CI 0.3-2.7). An elevated odds ratio for exposure to inks was observed
for the women (OR 14.0,95% CI 1.8-106.5) on the basis of 14 exposed cases, but confounding fac­
tors could have been responsible for this result. Odds ratios for several other exposures (rubber: OR 5.7,
nitrates: OR 8.2, coke dust: OR 3.5, meat additives: OR 3.8) were also elevated, but not significantly
so when based on a small number of exposed cases.
CONCLUSION - The observations of this investigation should be tested in future studies, in particular
since exposures to agents such as cutting fluids or pyrolysis products are ubiquitous in industrial set­
tings and may present an important public health hazard.

KEY TERMS - case-control study, case-referent study, cutting fluids, inks, pyrolysis products.

In the history of occupational cancers, bladder tumors
due to occupational exposure to aromatic amines
were among the first to be recognized. Furthermore,
relatively few other occupational exposures (some
polycyclic aromatic hydrocarbons, eg) are recognized
as being responsible for cancer of the urinary blad­
der (I). Several studies (2-5) have suggested that
a relation exists between some occupational expo­
sures and urothelial tumors. The relations are few,
however, or the studies contradictory.

This situation is undoubtedly due to a general
problem in epidemiologic studies of occupational
risks for cancer. In addition to the very long latency
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between exposure and disease (particularly in the
case of urothelial tumors, for which latencies of
40 years have been observed), the multiplicity of
exposures makes the identification of a particular
risk factor difficult. The problem of determination
of past exposures is constant in epidemiologic case­
referent studies. It is of concern since misclassifica­
tion reduces the power of studies and may bias the
results (6).

For several years, teams of epidemiologists have
sought new methods with which to evaluate expo­
sures. One interesting solution is the use of job-ex­
posure matrices, which allow probable exposures to
be assigned systematically to a given job (7-9). The
main disadvantage of these matrices is that they are
only valid for a given location and for a given pe­
riod, and they do not take into account the local or
temporal characteristics of a job. Similarly, they as­
sign standardized exposures to a job and do not take
into account individual practices (10).

Using individual job histories analyzed by experts,
Siemiatycki & Gerin (11) have proposed a different
method of evaluating chemical exposures. The ex­
posures identified in this manner were shown to
agree well with the evaluation of exposures made by
specialists in relevant branches of activity (12).



This method, adapted to the situatio n in France,
was used in a surve illance program of occupational
risks in Lyon over the last 10 years. The program
used a case-referent method and dealt with three
types of neopl astic disea ses considered to be relat­
ed to occupational exposures, malignant hemopathies
(acute leukemias, malignant non-Hodgkin ' s lympho­
mas), tumors of the bladder, and bronchopulm onary
cancers. This report concerns the results of the study
on tumors of the urinary bladder.

Subjects and methods

Data collection
The study population consisted of 11 6 cases (97 men
and 19 women) and two reference groups of 11 6 sub­
jects each, matched for gender, age, hospital, and
nationality. Of the cases, 28 had transitional-cell pap­
illomas and 87 had transitional-cell carcinoma or in­
vasive or in-situ carcinomas; one case had an undif­
ferent iated carcinoma. The most frequent diagnoses
among some of the ward referents were benign ade­
noma of the prostate (48 of I 16 persons) and urinary
lithiasis (22 of 116 persons). Those most common
among the general referents were cardiovasc ular (42
of 116 persons), digestive system (18 of 116 per­
sons), and endocrine (II of 116 persons) diseases.
The avera ge duration of the interviews was approx­
imately the same for each group (43 min for the cas­
es, 42 min for the ward referents, 49 min for the gen­
eral referents) . The three groups did not differ with
regard to their place of birth or type of residence. On
the aver age, the cases had a higher educational lev­
el than the general referents [average age at leaving
scho ol: 15.5 (SO 3.36) years for the cases, 15.7 (SO
9.24) years for the ward referents, 14.3 (SO 3.74)
years for the general referents]. Four percent of the
cases refused the interview compared with 8% of the
referents. In addition, several cases hospitalized less
than 3 d could not be includ ed since the interviewe r
visited the ward only twice weekly.

Table I gives the distrib ution of the cases and ref­
erents by socioprofessional category. The percentage
of white-collar workers was higher among the cases
than among the referents, especiall y among the gen­
eral referents, while that of the service personnel was
lower.

The enrollment of subjects for the study of urinary
bladder tumors spanned four years. It included all
case s diagnosed from 1984 to 1986 in the participat­
ing establishments. The collection of referents started
in 1984 and was terminated in 1987. All urology
wards in publ ic hospitals were included, as well as
three private hospital wards. Some specific wards
were excluded from recruitment (obstetrics, emergen­
cy, intensive care, and ear, nose and throat) either
due to extreme recruitment bias compared with the
rest of the hospital or to conditions of hospitaliza­
tion . Private clini cs did not participate in the study.
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It was decided to include not only primary carcino­
mas, but also papillomas of the urinary bladder,
which are considered to be precancerous lesions. A
systematic control of anatomopath ological diagnoses
was carried out for all cases before definite inclu­
sion. The inclusion criterion was as follows: first
hospitalization for a carcinoma or papillom a occur­
ring among men or women aged 30- 75 years and
living in the Lyon area. Two hospital referents were
enrolled for each case. The first - the ward refer ­
ent - was taken from the same hospital ward; the
second - the general referent - was taken from
another ward in the same hospital. The first patient
meeting the inclusion criterion and admitted after the
case was chosen as the referent. Referents were
matched for gender, five-year age group, and area
of residence and chosen from the patients hospital­
ized for diseases other than cancer or considered as
occupational. French cases were matched to French
referents, and foreign cases were matched to foreign
referents without takin g into account the country of
origi n.

The collection of occupational historie s and data
on other nonoccupational exposure variables was
carried out by an interviewer during the hospitaliza­
tion of the patients. The questionnaire comprised the
following three parts: (i) demographic inform ation,
(ii) reconstruction of the patient's occupational his­
tory, each job being described with the aid of open
questions; and (iii) closed questions inquiring into
eating and smoking habits and regular leisure-time
activities.

In most instances, a case and the corresponding
referents were interviewed by the same person, al­
though approx imately 30 case-referent pairs were
interviewed by different interviewers.

Method ofexposure assessment
Coding team. A group of experts comprised of two
chemical engineers and several occupational health
physicians with long and varied professional expe­
rience was set up as the coding team.

Table 1. Cancer of the urinary bladder (116 cases): dlstrlbu-
tion of the 116 pat ients with urinary bladder cancer and their
refe ren ts by so cioeconomic category at the time of interview .

Cases Ward General
Socioeconomic category referents referents

N % N % N %

Agricultural workers 3 2.6 0.9 6 5.2

Industrial and commercial
chiefs 6 5.2 3.5 5 4.3

Higher level managers
and professionals 3 2.6 6 5.2 3 2.6

Intermediate level managers 5 4.3 6 5.2 7 6.0

White·colla r workers 36 31.0 29 25.2 21 17.9

Blus-collar workers 55 47.4 52 45.2 57 48.7

Service personnel 5 4.3 13 14.4 17 15.4

Others and unemployed 3 2.6 5 4.3 a
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Exposure identification. A review of possible ex­
posures and levels of exposures in different occu­
pational settings and time periods in the major in­
dustries of the Lyon region was carried out by the
coding team. This review resulted in the creation
of data bases indexed either by product (descrip­
tion of possible uses , evaluation of different levels
of concentration) or by job, reflecting the con­
sensus opinion of the team. These data bases were
then used to code exposure history for each partic­
ipant.

Choice of coding model. A list of exposures created
by Michel Gerin in Canada and adapted to the local
situation was used, and a total of 320 products were
coded. The definition of exposures was similar to
those given by Siemiatycki et al (13). Once an ex­
posure was determined by the coder, it was assigned
the following four indices to be evaluated: (i) the
probable route of exposure (respiratory, dermal or
mixed); (ii) the frequency of exposure (percentage
of worktime during which the subject was effectively
exposed) divided into the three groups of 1-5% of
worktime (either approximately 30 min per day or
two weeks per year), 5-30% of worktime, and
~30%; (iii) the exposure concentration, divided into
three levels (low, medium, high); and (iv) the valid­
ity, according to the coder's own judgment, of the
coding (definite exposure =3; probable exposure =2;
possible exposure = I) .

With respect to the third index , the group of ex­
perts established its own scale of concentrations for
each product. First it involved a review of all tasks
with exposure to the product and then the categori­
zation of exposure level in these tasks in compari­
son with the highest level of this exposure observed
among all of the subjects. At the time of the cod­
ing, the concentration index thus established for an
activity may have been modulated in relation to the
description given by the patient (existence or ab­
sence of ventilation, extraction, and individual pro­
tection) .

Coding protocol. Each anonymous record , without
notification of diagnosis, was analyzed by an expert,
who coded it and submitted his or her analysis to the
group of experts. When all of the records in a study
were coded, the coding was standardized to correct
for the possible occurrence of the following two di­
gressions : (i) differences in evaluation from one cod­
er to another and (ii) changes in coding by the same
coder during the course of the study.

At this stage, all of the jobs involving identical
tasks were reviewed by a single chemist in order to
ensure that the exposures had been coded consistent­
ly. In addition, all jobs involving exposure to a spe­
cific compound were reviewed to verify the adequacy
of the assigned concentration index.
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Statistical analysis

Crude odds ratios were calculated for all exposure
variables coded for more than five study subjects .
The confidence interval was calculated with the use
of Cornfield's approximation (14) or by the exact
interval calculation proposed by Mehta et al (15)
when there were less than five individuals in a cell
[software : Epiinfo (16)].

A conditional logistic regression analysis was used
to study the effects of exposures after systematic ad­
justment for duration of smoking (three classes: non­
smoker, 1-27 years, and ~27 years) and, when nec­
essary , for the confounding effect of socioeconomic
status . The specific characteristics of exposure in­
cluded: duration, intensity, and age at first exposure
[software: EGRET (17»).

An exposure index was defined a priori as the sum,
over all exposure periods, of the product of the con­
centration, frequency, validity, and duration of ex­
posure in each period. A worker was considered to
have been substantially exposed to a chemical when
the individual exposure index was higher than the
median of this index for all of the exposed individ­
uals (18). Other alternative indices were also stud­
ied in an attempt to evaluate the effect of concen­
tration or that of frequency - the aforementioned
index, but without the validity code - and the ex­
tent of exposure, modeled either as the product of
concentration and duration or that of frequency and
duration .

Results

General characteristics

Table 2 presents the crude odds ratios for the main
behavioral variables; the odds ratio increased with
increasing tobacco consumption, as measured in
pack-years. The risk of bladder cancer appeared to
be highest for the married subjects and the subjects
who painted regularly in their leisure time. A defi­
cit of bladder cancer cases was observed for consum­
ers of artificial sweeteners when they were compared
with the general referents but not when they were
compared with the ward referents.

Occupational exposures

Table 3 shows crude odds ratios for several occupa­
tional exposures (coded as ever/never) with respect
to both the ward and general referents. The exposures
among the cases did not differ significantly from
those of the ward referents, although several odds
ratios were elevated (for exposure to rubber, nitrates,
coke dust, and sugar dust). Exposure to pyrolysis and
combustion products, cutting fluids, and inks was
significantly more frequent among the cases than
among the general referents . The result s from the
conditional logistic regression analysis (table 4), ad­
justing for socioprofessional status, tobacco, and
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Table 2. Crude odds ratios and 95% conf idence intervals (95% Cll for different behaviora l variables for the 116 cases of cancer
of the urinary bladder and the ward referents and general referents.

Numb er Ward referents General referents

Variab le of Odds Odds
cases N ratio 95% CI N ratio 95% CI

Marital status

Married/single" 97 81 2.21 1.12-4.32 86 2.03 1.03-4.03

Regular leisur e-time activities

Paint ing yes/no" 12 3 4.35 1.12-24.52 8 1.56 0.56-4.58

Diet

Regular use of margar ine yes/no" 19 38 0.40 0.20-0.79 30 0.56 0.28-1.12
Regular use of sweeteners yes/no" 15 15 1.00 0.44-2.30 34 0.36 0.17-0.74

Coffe e consumption

< 1 cupId" 11 15 1 12 1
s3 cups /d 77 78 1.35 0.54-3.38 76 1.38 0.55-3.47
>3 cups/d 28 23 1.66 0.58-4.81 38 2.26 1.19-4.29

Tobacco smoking

s 10 pack-years" 34 65 1 53 1
11-30 pack-years 26 22 2.54 1.19-5.42 24 1.69 0.79-3.62
> 30 pack-years 55 29 3.63 1.88-7.02 38 2.26 1.19-4.29

Durat ion of smoking

o years" 28 53 1 38 1
s27 years 16 23 1.32 0.56-3.11 26 0.88 0.35-1 .98
> 27 years 72 40 3.41 1.79-6.50 52 1.88 0.98-3.60

a Class used as the reference for the calculat ion of the odds ratio.

Table 4. Conditional logistic regression odds rat ios for bladder cancer and selected exposures, as adjusted for socioprofes­
siona l status, tobacco smoking and other possible confounding exposures and with the use of both the ward referents and
general referents.

Ward referents General refe rents
Number of

Expos ures exposed Crude 95% Crude 95%
cases odds con fidenc e odds confidence

ratio in terval rati o interval

Natu ral rubber 5 2.62 0.3-25.1 5.71 0.6-52.0
Pyrolys is and combust ion products 44 1.40 0.8-2.6 2.25 1.0-4.0
Cutti ng flu ids 36 1.87 0.9-3.1 2.56 1.2-5.4
Nitra tes 5 1.94 0.4-9.2 8.20 0.9-77.2
Meat addit ives 5 1.72 0.4-8.4 3.78 0.7-21 .8
Coke dust 7 2.57 0.6-11 .4 3.46 0.7-17.9
Sugar dust 8 3.89 0.7-21.8 1.64 0.5-5.2
Inks 48 1.88 1.0-3.4 2.01 1.1-3.6

Table 3. Crude odds ratios and 95% con fiden ce intervals for bladder cance r and selected exposures with the use of both ward
referents and general referents.

Ward refe rents General referents
Numb er of

Expos ures exposed Crude 95% Crude 95%
cases odds confidence odds confide nce

ratio interval ratio interval

Natural rubber 5 2.70 0.4-27.4 5.18 0.6-247.1
Pyrolysis and combustion products 44 1.54 0.9-2.8 2.14 1.2-4.0
Cutt ing fluids 36 1.64 0.9-3.1 2.65 1.3-5.3
Nitrates 5 1.75 0.3-11 .2 5.18 0.6-247.1
Meat addit ives 5 1.75 0.3-11 .2 2.59 0.4- 27.6
Coke dust 7 2.45 0.5-14.8 3.69 0.7-37.0
Sugar dust 8 4.20 0.8-41.4 1.66 0.5-6.6
Inks 48 0.96 0.6-1 .6 1.88 1.0-3.4
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other possible confounding exposures , were con­
sistent with these findings.

For cutting flu ids, the eleva ted odds ratios ap­
peared to be essentially restricted to subjects in so­
cioprofessional group 2 (ie, blue-collar workers, serv­
ice personnel, white-collar worke rs, and agricultur­
al workers); they were 2.77 (95% CI 1.24-6.19) for
the ward referents and 4.64 (95% CI 2.02-10.64)
for the general referents. For socioprofessional group
) (managerial, technical, professio nal), the odds ra­
tios were 0.53 (95% CIa.I8- 1.49) for the ward ref­
erents and 0.83 (95% CI 0.26-2.68) for the general
referents. When the effect of level of expos ure, as
measured by the exposure index already descri bed,
was considered, the odds ratio was significantly dif­
ferent from I for subjects having received exposures
below the median level when the general referents
were used and for subjects with exposures above the
median level when the ward refere nts were used (ta­
ble 5). No trend with level of exposure was observed.

The results using alternative indices were similar and
they have not been presented. Increased odds ratios
were also seen both among the subjects with a du­
ration of expos ure of less or equal to 10 years and
among those with more than 10 years of expos ure
when the general referents were used, although there
was no trend with duration of exposure. The risk was
highest among the subjects first exposed before the
age of 20 years (table 5).

For pyrolysis and combustion products, the odds
ratio was also significantly different from one only
when the general refere nts were used for subjects
having received exposures below the median level,
as measured by the exposure index. No trend with
level of exposure was observed (table 6). The results
obtained with alternative indices were similar and
have not been presented. Expo sures to pyro lysis
products and cutting fluids were extreme ly corre­
lated, and it was not possible to separa te the roles
of these two exposures in bladder risk.

Table 5. Conditional logist ic regression odds rati os and 95% confidence in tervals for bladder cancer and exposure to CUlling
fluids, as adjusted for tobacco smoking and soci oprofessi onal category and wit h the use of both ward referents and general
referents.

Ward refe rent s General referent s
Number of

Cutt ing fl uids exposed Crude 95% Crude 95%
cases odds conf idence odds conf idence

rati o interval" rat io interval"

Index"

:s Median 23 1.29 0.59-2.82 2.97 1.20-7.34
> Median 13 3.21 1.03-10.02 2.08 0.75-5.77

Duration of exposure

:s 10 years 18 1.37 0.57-3.30 3.11 1.15-8.40
> 10 years 18 1.97 0.78-5.01 2.37 0.99- 5.68

Age at beginning of exposure

:s20 years 21 1.90 0.77-4.75 4.04 1.45-11.25
> 20 years 15 1.40 0.57-3.42 1.87 0.76-4.59

a r (concent rat ion x frequency x val idity x dur ation of exposu re).

Table 6. Cond it ional logistic regression odds ratio s and 95% confidence inte rvals for bladder cancer and exposure to pyrolysis
product s, as adju sted for tobacco smoki ng and soc loprofesslonal category and with the use of both ward referents and general
refere nts .

General referentsWard referents
Number of

Pyrolysis and combust ion expo sed Crude 95%
cases odds confi dence

ratio interval"

Index"

:s Median 18 2.37 0.81-6.90
> Median 26 1.22 0.60-2.50

Durat ion of exposure

:s10 years 23 2.18 0.93-5.09
> 10 years 21 1.12 0.53-2.38

Age at beginning of exposure

:s20 years 25 1.48 0.67-3.28
>20 years 19 1.53 0.67-3.47

a r (concent rati on x frequency x validi ty x duratio n of expos ure).
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Crude
odds
rat io

2.87
1.74

2.40
1.80

4.04
1.90

95%
confi dence

interval"

1.07-7.71
0.83-3.63

1.04-5.53
0.82-3.91

1.01- 4.77
0.84-4.33
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Table 7. Conditional logistic regress ion odds ratios and 95% confidence intervals for bladder cancer and exposure to inks,
as adjusted for tobacco smoking and socioprofessional category and with the use of both the ward referents and the general
referents.

Ward referents General referents
Number of

Inks exposed Crude 95% Crude 95%
cases odds confidence odds conf idence

ratio interval" ratio interval "

Index"

:sMedian 13 0.92 0.35-2.40 2.05 0.93-4.54
>Median 35 1.23 0.66-2.31 1.84 0.91-3.77

Duration of exposure

:510 years 23 0.94 0.45-1 .97 1.52 0.77-3.00
> 10 years 25 1.47 0.69-3.10 2.63 1.21-5.72

Age at beginning of exposure

:520 years 17 1.81 0.69-4.73 3.06 1.15-8.12
>20 years 31 0.97 0.51-1 .87 1.54 0.85-2.80

a L (concentration x frequency x validity x duration of exposure).

For inks, the odds ratio increased with duration of
exposure, and the risk was highest among subjec ts
first exposed before the age of 20 years (table 7).
Exposure to inks was strongly correlated with expo­
sure to organic pigment s. After adjustment for ex­
posure to organic pigments. the corresponding odds
ratio for exposure (exposed versus unexposed) to
inks (both genders combin ed) was 3.74 (95% CI
1.19-1 3.83). Elevated odds rat ios appeared to be
mainly restricted to women, and only one was sig­
nificant, that when the general referents were used
(OR 14.0, 95% CI 1.8- 106.5), with 14 exposed cas­
es and I general referent. Because of the small
number of exposed subjects, it was not possible to
investigate this relationship further. Exposure to inks
among women was mainly restricted to the catego­
ry "office employees-typists."

Discussion

Numerous problem s, notably recall bias and lack of
knowledge of the manipulated products, always make
studies of occupational exposures difficult. In order
to improve the performance of case-referent studies,
the team of Siemiatycki & Gerin (Montreal) pro­
posed a method of chemical inference (based on the
study of job descriptions completed by patients) by
a team of well-informed industrial hygiene analysts
(18). In our study, this method of chemical inference
was used after adaptation to the situation in Lyon.
Several methodological aspects should be discussed.

Representativeness of the subjects

The collection of cases was not exhaustive since
some stayed in the hospital only briefly (24-48 h);
the characteristics - precise diagnosis, age, gender,
socioprofessional clas s - of cases which were
"missed" was examined. They did not differ from
those of the cases included. This lack of exhaustive­
ness essentially affected the power of the study by

reducing the number of cases studied. As all of the
anatom opathological diagnoses were verified, mis­
classification of diagnosis leading to referent s being
classified as cases can effectively be ruled out.

A previous study in France has shown a relative­
ly clear socioprofessional bias in the recruitment of
public hospitals. This bias led to an overpresentation
of blue-colla r workers among the general referent s,
which could imply a reduction in the odds ratios thus
estimated. Since three private hospit al wards partic­
ipated in our study, this bias was reduced . Moreover,
ward referents were recruited in additi on to general
referents, since they tend to follow the same medi­
cal channels as the cases and, therefore, are unlike­
ly to differ greatly with respect to socioprofessio nal
category, although they may be closer to the cases
with respect to occupational exposure. The distribu­
tion of socioprofess ional categories, as anticipated,
was more similar between the cases and the ward
referents than between the cases and the general hos­
pital referent s (fewer white-coll ar workers and more
single people).

Patient s hospitalized for diseas es other than can­
cer or recognized occupational disease were used as
referents to prevent overmatching on exposure. As
the recruitment zone of cancer cases may be larger
than that of referents, only cases residing in the usual
recruitment zone of the hospital (Lyon district,
around 1.5 million inhabitants) were included in the
study.

Interviewers received specific training prior to the
start of the study. Efforts were made to ensure that
cases and their matched referents were interviewed
by the same person. However, due to some delay in
finding some of the referents, this was not always
possible . The interviewers were aware of the status
of the patient at the time of the interview. This
awareness did not appear to bias the results in that,
for each subject, the quality of the information ob­
tained by the interview was evaluated by the chem­
ical exposure assessment team, the members of
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which were not aware of the status of the subject.
There was no difference between the cases and ref­
erents in the quality or quantity of the information
collected.

An analysis of the exposures was carried out,
throughout the duration of the study, by experts or
chemical engineers who had no knowledge of the sta­
tus of the subject whose record they studied. A com­
parison of the coding of the team members showed
good agreement. This approach, as discussed in the
Methods section, had the important advantage of
minimizing the possible misclassification of expo­
sures and recall bias. Thus the characteristics of ex­
posure were coded comparably for the cases and the
referents.

Because of the relatively small number of cases
studied (N = 116) the power of the study was limited.
Many of the odds ratios were elevated, but not sig­
nificantly so. The small number of patients did not
allow a detailed analysis of certain rare exposures
that are known to be carcinogenic, such as aromatic
amines. For the same reason, no systematic detailed
analysis using all of the possible occupational con­
founding variables could be carried out.

On the other hand, a large number of associations
were tested, and one cannot rule out the possibility
that some of the significant associations may have
been chance findings. There is as yet no entirely sat­
isfactory solution to this statistical problem (18). This
study was aimed, however, at surveillance and hy­
pothesis generating, and the associations observed
should be tested in future studies.

Behavioral and social variables

The cases and referents were similar with regard to
behavioral or social data. However, the difference in
marital status between the cases and referents was
remarkable. The excess of single persons among the
referents may be due to the fact that single patients
may be more frequently hospitalized for nonmalig­
nant diseases than married persons are.

The cases more frequently practiced painting as a
leisure-time activity than the referents, but other
types of activity were just as frequent. The fact that
some carcinogenic aromatic amines have been used
in paints in the past may explain this observation.

No association was found between the use of syn­
thetic sweeteners and cancers of the urinary bladder.
This finding is consistent with the majority of the
results obtained over the past few years (20). The
excess use of sweeteners in the general reference
group may have been due to the fact that five mem­
bers of the group were diabetics.

Only a weak nonsignificant association was found
between the consumption of coffee and cancers of
the bladder. This finding may reflect a small effect
of residual confounding by tobacco smoking al­
though it is consistent with the results of many oc­
cupational studies in which a weak association be-
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tween coffee and cancer of the urinary bladder has
been observed (21-23).

A dose-related association between the risk of uri­
nary bladder cancer and tobacco use was found
which is consistent with the results of most interna­
tional studies (24-27).

Cancer of the bladder and occupational exposures

Cutting fluids and combustion or pyrolysis products.
The odds ratios associated with cutting fluids were
elevated, in particular in the socioprofessional cate­
gory most directly affected by this exposure. High­
er and middle level managers, even if present in the
workshops, have less direct contact with cutting flu­
ids than workers handling metallic parts , and they
therefore absorb less of the substances contained in
these fluids. No dose-response or duration-related
effect was observed, but this result may have been
due to the relatively small number of persons stud­
ied. The odds ratio was greater for persons exposed
before the age of 20 years. Other authors have found
an association between exposure to cutting fluids and
bladder cancer risk (2, 27), although it was not seen
in one study (28).

Cutting fluids have been consistently associated
with the risk of cancers of the skin and scrotum. This
association has been attributed notably to the pres­
ence of some polycyclic aromatic hydrocarbons
(PAH) in these fluids (29). PAH are suspected to be
carcinogens and have been implicated in several
studies linking cancers of the bladder to some occu­
pations (26, 30-33). Nitrates, which are present as
additives in some fluids, react to form nitrosamines
(34, 35), which are also suspected bladder carcino­
gens (36). It is therefore of interest to investigate the
reported association between cutting fluids and blad­
der cancer further in an attempt to evaluate the pos­
sible roles of PAH and nitrates .

The odds ratio for the pyrolysis and combustion
of organic products was also elevated. This class of
compounds regroups many exposures derived from
the pyrolysis of these products, in particular PAH.
Exposures to pyrolysis and combustion products and
cutting fluids were strongly correlated in this study .
It is therefore difficult to assess their effects inde­
pendently.

Ink. An association was seen with duration of expo­
sure and age at first exposure but not with level of
exposure. This association was particularly signifi­
cant for the women who had worked in typing or sec­
retarial jobs many years ago. Exposures to inks and
to organic pigments were strongly correlated. As the
association was mainly restricted to women, it is con­
ceivable that it may reflect a bias in the recruitment
of the female referents. As has already been noted,
middle classes tend to be underrepresented in pub­
lic hospitals. This underrepresentation may partial­
ly explain the large odds ratio noted in the compari-



son of cases to the general referents (OR 14), but not
entirely since an association wa s also seen with the
use of the ward referents. Furthermore, several pub­
lications have reported a risk for cancer of the blad­
der in office workers (37-39).

It would therefore be interesting to elucidate fur­
ther this association in ord er to determine whether
office inks are responsibl e by themselves (whi ch ap­
pears unlikely given the low level of exposure to
amines from inks) or whether the association is due
to an unknown con founding factor such as, perhaps,
a greater frequ ency of the use of hair coloring agents
or the sedentary quality of the job.

In the published literature, the most frequ entl y
cited occupations that entail exposure to organic col­
orants and are ass ociated with a ri sk for cancer of
the bladder are printing (37), painting (22, 40), and
dying (37, 39,40). In this study, no association be­
tween occupation s for whi ch exposure to ink was
coded (printed and storekeepers) and bladder cancer
risk was seen for the men.

Concluding remarks
The method used in thi s study to identify and quan­
tify exposures rel ied on detailed analy ses of occ u­
pational histories by teams of experts familiar with
historical work practices in industrial settings in the
Lyonnais region. This approach has allowed the
study of associations between specific occupational
exposures and the risk of bladder cancer to be more
precise than with the standard approach using only
job titles . Several plausible occupational risk factors
for bladder can cer have thu s been identified; some
(eg, pyrolysis and combustion products and cutting
fluid s) have also been reported by other investiga­
tors ; others (eg , exposure to inks among women)
warrant further investigation.
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