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Relatively little is known about occupational and other risk factors for renal-cell carcinoma
(RCC). Associations between RCC and occupations, exposures and other factors were investi-
gated in a hospital-based case-control study in Bologna (central-northern Italy). Between 1986
and 1994, 324 histologically confirmed RCC cases were diagnosed at Policlinico S. Orsola-
Malpighi in patients from the Province of Bologna. Corresponding control subjects admitted to
the same hospital with any diagnosis except RCC were matched for sex, age, and residency. We
studied the 249 cases and 238 controls for whom detailed information on occupational history,
diet, smoking habits, alcohol and drug intake was obtained. At conditional logistic regression,
among males (167 matched pairs), significant matched odds ratios (OR) were found, after
adjusting for cigarette smoking and alcohol intake, for high body-mass index BMI (third
quanrtile: OR, 4.91; confidence interval [95% CI], 1.56-15.5; last quartile: OR, 4.42; 95%
CI, 1.48— 13.18), railway workers (OR, 10.14; 95% CI, 1.46— 70.17) and asbestos exposure
(OR, 7.11; 95% CI, 1.46— 34.51); nearly significant OR were found for managers (OR, 3.59;
95 % CI, 0.82— 15.59) and metal workers (OR, 2.21; 95 % CI, 0.99— 5.37). Among females
(52 pairs), significant OR were found for BMI >25.4 (OR, 8.46; 95% CI, 1.02— 68.0).
Railway workers (on or near to trains) may have increased risk of developing RCC, possibly due
to asbestos exposure. Studies are required on possible risks encountered by railway (and metal)

workers and by managers. (J Occup Environ Med. 2002;44:1028-1036)
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ancer of the renal parenchyma, gen-
erally known as renal-cell carcinoma
(RCC), is the most common form of
kidney cancer, accounting for about
23% of all diagnosed cancers of the
urinary tract. RCC is a numerically
important cancer (representing 7% of
al diagnosed cancers), and its inci-
dence has risen, during the last few
decades, especially in industrialized
countries.* The upward incidence
trend of RCC cannot be entirely ex-
plained by the increased detection of
presymptomatic tumors thanks to
imaging procedures such as ultra
sound, computed tomography and
magnetic resonance imaging;® other
contributing factors await identifica-
tion. Despite various epidemiologi-
cal studies, however, the etiology of
RCC remains largely unknown.®

The incidence of RCC varies con-
siderably among different popula-
tions and states. For example, in
Sweden the standardized incidence
rate among males is about 10 cases
per 100,000 persons per year,
whereas in Costarica the figure is
about three times lower. In Los An-
geles, the Chinese have the lowest
incidence of any ethnic group, but
thisis still higher than that recorded
among the inhabitants of Shanghai.*
Thus, dietary, environmental and oc-
cupational factors seem to exert an
important pathogenetic influence on
RCC.°

Although, with the exception of
occupational exposure to ashestos,
RCC was once not generally consid-
ered a “work-related” disease® in
1995, the International RCC Study
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concluded that “ occupation may play
a larger role in the etiology of RCC
than previously thought.” Indeed,
this report provided important con-
firmation of some previously sug-
gested occupational risk factors, such
as employment in the metal industry,
and exposure to cadmium, dry-
cleaning solvents, or petroleum prod-
ucts. To search for further informa
tion about possible risk factors for
RCC, we designed a hospital based
case-control study in a strictly de-
fined geographica area.

Methods

This hospital-based case-control
study regarded the 324 RCC patients
resident in Bologna and its Province
who were registered at the Univer-
sity hospital of Bologna, Policlinico
Sant’ Orsola-Malpighi, from January
1987 to December 1994. In all cases,
diagnosis of RCC was histologically
confirmed by a reference pathol ogist
(P.B.). The cases were matched 1:1
with 324 control subjects residing in
the same geographical area, who ad-
mitted to the same hospital in 1991
with any diagnosis except RCC (this
approximately half-way year was
chosen for practical reasons based on
the hospital’s archival convenience).
The controls were matched on the
basis of the following criteria: gen-
der; age (to within 5 years); place of
birth (ie, Northern, Central or South-
ern Italy; foreign countries); resi-
dence environment (ie, same urban
district of Bologna, same cluster of
small towns, same area of plain or
hills).

The overall population of the city
and province of Bologna is about
920,000. Bolognais not covered by a
cancer register, and so rates of RCC
could only be estimated on the basis
of the rates of similar provinces
nearby (Modena, Ferrara, Florence,
Forli, Cesena, and Rimini). Between
1989 and 1992, the average standard-
ized rates of RCC, in these provinces
ranged from 11.2 to 15.8 (per
100,000 persons per year) for males
and from 54 to 6.2 for females.
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These are among the highest figures
in Europe.”

We drew up a structured, written
guestionnaire, requesting specific in-
formation on height, weight, lifelong
smoking habits, alcohol and coffee
consumption (usual consumption per
day), meat intake (portions usually
eaten per week), use of phenacetin or
of diuretics, and occupational history
(profession, types of occupation, du-
ration of stay in each job, qualitative
description of the occupational expo-
sures); al the information referred to
the period before the diagnosis.

The questionnaire was posted to
the addresses of all 648 subjects and
telephone interviews were conducted
in case of non-response by mail.
When telephone contact also failed,
the subject was classified as a non-
respondent and was not substituted;
in such cases, the corresponding
matched patient/control pair was ex-
cluded from conditional logistic re-
gression analysis and Cuzik’ stest for
trend. The telephone interviews were
done blindly to case-control status by
onetrained interviewer, who filled in
the questionnaire. For deceased sub-
jects and those too ill to answer, the
next of kin filled in the questionnaire
or replied by phone. All respondents
had received prior information on the
nature of the study, which was pro-
moted and approved by the Local
Health Authority (U.S.L.).

Job titles were coded (following
the European Union variant of Inter-
national Standard Classification of
Occupations—ISCO 887) blindly to
case-control status by three occupa-
tional physicians (SM., D.T., A.R.).
Occupational exposures were coded
blindly by an industrial hygienist
(B.M.). A subject was considered as
having been exposed to a specific
substance or as having a certain pro-
fession when the exposure or job
lasted for at least 2 years. The job
titles were coded and grouped
blindly into 27 categories for males
and 8 categories for females. “Cer-
tain/very probable’ professional ex-
posures were coded blindly into 8
categories for males (asbestos, petro-
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leum products, solvents, mineral oils,
welding fumes, foundry fumes, inor-
ganic lead, and pesticides); other cat-
egories, such as ionizing radiation,
were not analyzed because they re-
garded too few subjects. For females,
only two “certain/very probable”
professional exposures were coded
(pesticides and solvents) due to the
low prevalence of other categories.
Height and weight were used to cal-
culate body mass index (BMI) in
Kg/m?. An alcohol intake score was
computed as the product of the alco-
hol equivalent (g/ml) in each type of
drink and the volume of wine, beer,
or spirits consumed each day.

All the 487 (75.2%) subjects who
were successfully traced (249 RCC
patients, 238 controls subjects) pro-
vided detailed responses to the ques-
tionnaire. Thus, responses were ob-
tained from 219/324 (67.6%) of the
matched pairs of RCC patients and
controls.

Statistical Analysis

Analyses were performed sepa-
rately for males and females. Odds
ratios (OR) and 95% confidence in-
terval (95% CIl) were estimated by
conditional logistic regression, ac-
cording to Breslow and Day.? The
matched OR were implicitly adjusted
for the matching variables. age, gen-
der, birthplace, and residence. For
multivariate analysis, BMI, smoking,
consumption of coffee, alcohol,
phenacetin and/or of diuretics, and
meat were introduced as categorical
variables, whilejob titles and profes-
sional exposures were binary vari-
ables. The categorization and refer-
ence categories used in the models
for males and females are shown in
Tables 2 and 3, respectively. For job
tittles where a significant (or nearly
significant) association with RCC
was found, influence of duration of
employment was assessed by a test
for trend.® For all tests, the results
were considered to be significant at
P < 0.05. The STATA 6 software
package was used for analysis.

Page 3 of 10



1030

Risk Factors for Renal-Cell Cancer

Mattioli et al

TABLE 1

Types of Response Provided by 219 RCC Patients and 219 Matched Control Subjects and Main Characteristics of Cases

and Controls

RCC patients (cases)

Control subjects

Patients Next of kin Total Patients Next of kin Total
N (%) N (%) N (%) N (%) N (%) N (%)
Mailed questionnaire 68 (31.0) 7(3.2) 75 (34.2) 86 (39.2) 8 (3.6) 94 (42.8)
Questionnaire by phone 108 (49.3) 36 (16.5) 144 (65.8) 72 (32.9) 53 (24.3) 125 (57.2)
Total 176 (80.3) 43 (19.7) 219 158 (72.1) 61 (27.9) 219
Age distribution Males Females Total Males Females Total
0-39 3(1.8) 3(1.3) 2(1.2) 2(3.8) 4(1.8)
40-49 13(7.8) 1(1.9) 14 (6.4) 11 (6.6) 3(5.8) 14 (6.4)
50-59 36 (21.5) 13 (25.0) 49 (22.3) 38 (22.8) 6 (11.5) 44 (20.1)
60-69 62 (37.1) 21 (40.4) 83 (38.0) 59 (35.3) 21 (40.4) 80 (36.5)
70-79 45 (27 0) 12 (23.1) 57 (26.0) 53 (31.7) 19 (36.6) 72 (32 9)
> 80 8 (4.8) 5(9.6) 13 (6.0) 4(2.4) 1(1.9) 5(2.3)
Main occupations Males Females Total Males Females Total
Managers 13 (7.8) 13 (5.9) 4(2.4) 4(1.8)
Clerks 17 (10.2) 7 (13.5) 24 (11.0) 24 (14.4) 5(9.6) 29 (13.2)
Sales workers 15 (9.0) 15 (6.9) 18 (10.8) 2(3.9) 20 (9.1)
Other white-collar workers 11 (6.6) 3(5.8) 14 (6.4) 11 (6.6) 5(9.6) 16 (7.3)
Metal workers 22 (13.2) 22 (10.0) 13(7.8) 13 (5.9)
Building workers 12(7.2) 12 (5.5) 17 (10.2) 17 (7.8)
Railway workers 9(5.4) 94.1) 2(1.2) 2(0.9)
Motor vehicle drivers 9(5.4) 9(4.1) 9(5.4) 9(4.1)
Other blue-collar workers 38 (22.7) 6 (11.5) 44 (20.1) 46 (27.5) 10 (19.2) 56 (25.6)
Farmers (12.5) 14 (26.9) 35 (16.0) 23 (13.7) 8 (15.3) 31(14.2)
Housewives 18 (34.6) 18 (8.2) 19 (36.6) 19 (8.7)
Housemaids 4(7.7) 4(1.8) 3(5.8) 3(1.4)
Diagnosis at hospital admission Total Total
Renal cell cancer 219 (100) 0(0)
Other neoplastic malignant diseases 0(0) 63 (28.8)
Cardiovascular diseases 0(0) 73 (33.3)
Other non neoplastic diseases 0(0) 83 (37.9)

Results

Descriptive Analysis

Among the 219 matched pairs of
subjects for whom replies were ob-
tained, the modality of response was
similar among RCC patients and
control subjects (Table 1). The 219
control subjects were mostly admit-
ted to hospital for non-malignant dis-
eases (156 cases), including vascular
and heart disorders (57 and 16 cases,
respectively). The RCC patients and
controls both reported similar num-
bers of jobs (1.71 = 0.72 [range 1—
3] among female RCC patients ver-
sus 1.53 = 0.64 [range 1—- 3] among
female control subjects; 1.82 = 0.77
[range 1- 5] among male RCC pa
tients versus 1.84 = 0.96 [range 1—
5] among control subjects).

Among males, more than 2 occu-
pations were referred by 27 RCC
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patients and 40 control subjects, and
among females by 8 RCC patients
and 4 control subjects. The median
year of birth was 1926 for both males
and femaes (ranges. female RCC
patients, 1907 to 1955; female con-
trol subjects, 1911 to 1957; mae
RCC patients and control subjects,
both 1908 to 1964).

Analysis of Job Titles and
Nonprofessional Variables

Males. Table 2 reports the condi-
tional logistic regression analysis for
males. RCC was increased for
BMI > 254 (third quartile: OR,
4.91; 95% CI, 1.56— 15.5; last quar-
tile: OR, 4.42; 95% Cl, 1.48—13.18)
and for low-moderate acohol intake
(1 to 36 g/day). No association was
found with coffee or meat intake or
with use of diuretics. Phenacetin use
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was associated with a not significant
increase in risk (OR, 1.75; 95% CI,
0.63—4.82). A significant decreasein
risk was recorded for current smok-
ers (OR, 0.32; 95% CI, 0.12— 0.79).

When occupational variables were
adjusted with respect to the other
variables, the only significant in-
crease in risk was found among rail-
way workers (ie, engine drivers,
traveling personnel, platform/sidings
workers) (OR, 10.14; 95% ClI, 1.46—
70.17). Asregards other occupations,
the categories of managers (OR,
3.59; 95% CI, 0.82— 15.59) and
metal workers (OR, 2.21; 95% CI,
0.99— 5.37) amost reached signifi-
cance.

As can be seen from Table 4, when
duration of employment was consid-
ered, Cuzik’s test revealed signifi-
cant trends to increased risk among
managers and railway workers (P =
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TABLE 2
Adjusted Matched OR for RCC for Some Nonprofessional and Occupational Variables in Males
Variables Classes/(ISCO code) Cases Control OR P value 95% CI
Non professional Variables Classes*
BMI =23.4* 29 (17.4) 49 (29.3)
23.5-25.3 41(24.5) 50(29.9) 1.74 0.29 0.61-4.97
25.4-27.6 45 (26.9) 25 (15.0) 4.91 0.00 1.56-15.50
=27.7 49 (29.3) 38 (22.7) 4.42 0.00 1.48-13.18
Smoking Never smokers* 44 (26.3) 33 (19.8)
Current smokers 44 (26.3) 64 (38.3) 0.32 0.01 0.12-0.79
Former smokers 78 (46.7) 69 (41.3) 0.59 0.25 0.24-1.44
Alcohol intake 0 g/day* 22 (13.2) 29 (17.4)
1-12 g/day 43 (25.7) 32 (19.2) 3.94 0.04 1.05-14.75
13-24 g/day 56 (33.5) 44 (26 3) 3.37 0.03 1.10-10.34
25-36 g/day 19 (11.4) 1(6.6) 7.34 0.03 1.21-44.56
37-48 g/day 9(5.4) 22 (13.2) 0.53 0.42 0.11-2.49
>48 g/day 16 (9.6) 27 (16.2) 1.03 0.96 0.26-4.04
Meat intake 0-4 portions/week* 89 (53.3) 85 (50.9)
>4 portions/week 74 (44.3) 78 (46.7) 0.80 0.53 0.40-1.59
Coffee intake 0 cups/day* 34 (20.4) 40 (23.9)
1-2 cups/day 87 (562.1) 78 (46.7) 0.84 0.70 0.36-1.96
>2 cups/day 44 (26.3) 47 (28.1) 0.57 0.30 0.19-1.65
Use of diuretics 43 (25.7) 39 (23.3) 0.85 0.70 0.39-1.89
Use of phenacetin 25 (15.0) 15 (9.0 1.75 0.27 0.63-4.82
Job titles (ISCO code)
Managers (114, 12, 13) 16 (9.6) 74.2) 3.59 0.08 0.82-15.59
Clerks (233, 247, 41, 42) 25(15.00 35(21.0) 1.04 0.92 0.41-2.64
Dealers (1314, 3415, 9111) 21 (12.6) 23 (13.8) 0.64 0.39 0.23-1.76
Shop assistants (5220) 6 (3.6) 8 (4.8) 1.16 0.86 0.21-6.42
Health care workers (222, 223, 322, 323, 513) 4(2.4) 3(1.8) 2.27 0.49 0.20-2478
Police and Military personnel (345, 5162, 010) 5(3.0) 3(1.8) 0.54 0.52 0.08-3.59
Motor vehicle drivers (832) 14 (8.4) 10 (6.0) 212 0.34 0.45-10.00
Other white-collar workers 8 (4.8) 9(5.4) 1.78 0.50 0.32-9.89
Production supervisors (800) 5(3.0) 6 (3.6) 0.30 0.25 0.03-2.33
Service workers (5128, 915, 916) 17 (10.2) 22 (13.2) 0.47 0.17 0.16-1.39
Warehouse workers (932, 933) 6 (3.6) 10 (6.0) 1.17 0.85 0.21-6.35
Railway workers (831) 11 (6.6) 2(1.2) 10.14 0.01 1.46-70.17
Food workers (5122, 741) 8 (4.8) 74.2) 0.44 0.39 0.06-2.89
Printers (734, 8251) 7(4.2) 5 (3.0) 1.55 0.69 0.17-13.46
Plumbers (7136) 1(0.6) 6 (3.6) 0.07 0.10 0.00-1.66
Painters (7141) 5(3.0) 9 (5.4) 0.31 0.15 0.06-1.56
Electricians (7137, 7244, 7245) 3(1.8) 742 144 0.81 0.06-30.60
Tailors and knitters (7332, 743, 8263) 4(2.4) 4(2.4) 1.42 0.73 0.18-11.08
Shoe and leather workers (744, 8265, 8266) 3(1.8) 7 (4.2 1.47 0.69 0.21-10.17
Building workers (712, 7131, 7133, 9312, 9313) 28 (16.8) 25 (15.0) 1.18 0.73 0.43-3.25
Metal workers (721, 722, 723, 812, 8211, 8223, 37 (22.2) 26 (15.6) 2.21 0.08 0.99-5.37
8281)
Furnace workers (8131) 3(1.8) (1.8) 0.67 0.76 0.05-9.06
Wood workers (7331, 742, 814) 6 (3.6) 74.2) 3.24 0.19 0.55-18.90
Other blue-collar workers 17 (10.2) 23 (13.8) 0.73 0.58 0.23-2.25
Farmers (61, 8331, 9211) 44 (26.3) 40 (23.9) 1.63 0.34 0.59-4.47

* Reference class.

OR estimated by logistic regression model based on 150 couples because of missing data.

0.04 and P = 0.01, respectively), but
not metal workers.

Females. Table 3 reports the con-
ditional logistic regression analysis
for females. RCC was significantly
associated with BMI > 25.4 (OR,
8.46; 95% CI, 1.02— 68.0). An in-
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crease in risk was also found with
consumption of more than four por-
tions of meat per week (OR, 5.27;
95% Cl, 0.74— 37.1), but this did not
reach significance. No significant as-
sociation emerged between RCC and
job titles.
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Analysis of Professional
Exposures

Risks associated with exposure
(certain or probable) to some occu-
pational hazards for males or females
are shown in Table 5. Among the
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TABLE 3
Adjusted Matched OR for RCC for Some Nonprofessional and Occupational Variables in Females

Variables Classes/(ISCO code) Cases Control OR P value 95% CI
Non professional Variables Classes
BMI = 25.3* 21 (40.4) 29 (55.8)
=254 30 (57.7) 21 (40.4) 8.46 0.04 1.02-68.00
Smoking Never smokers* 35 (67.3) 34 (65.4)
Current smokers 6 (11.5) 8(15.4) 0.52 0.51 0.07-3.59
Former smokers 9(17.3) 9(17.3) 0.34 0.28 0.05-2.41
Alcohol intake 0 g/day* 20 (38.4) 28 (53.8)
1-12 g/day 17 (32.7) 15 (28.8) 2.22 0.42 0.30-16.08
> 12 g/day 15 (28.8) 9(17.3) 4.16 0.27 0.32-53.48
Meat intake 0-4 portions/week* 22 (42.3) 33 (63.5)
> 4 portions/week 27 (51.9) 15 (28.8) 5.27 0.09 0.74-37.10
Coffee intake 0 cups/day* 15 (28.8) 18 (34.6)
1-2 cups/day 24 (46.1) 25 (48.1) 2.16 0.54 0.17-26.60
> 2 cups/day 11 (21.1) 8 (15.4) 7.58 7.58 0.30-190.00
Use of diuretics 12 (23.1) 13 (25.0) 0.57 0.63 0.05-5.65
Use of phenacetin 9(17.3) 9(17.3) 1.06 0.95 0.14-7.81
Job titles (ISCO code)
Clerks (233, 247, 41, 42) 8 (15.4) 7 (13.5) 2.19 0.63 0.08-55.00
Other white-collar workers 9(17.3) 9(17.3) 14.10 0.14 0.41-480.80
Housewives (5121) 19 (36.5) 19 (36.5) 13.08 0.08 0.74-254.20
Housemaids (913, 9141) 10 (19.2) 8 (15.4) 2.44 0.39 0.30-19.30
Tailors and knitters (7332, 743, 263) 11 (21.1) 10 (19.2) 0.56 0.56 0.08-3.89
Other blue-collar workers 11 (21.1) 13 (25.0) 5.56 0.23 0.33-93.71
Farmers (61, 8331, 9211) 17 (32.7) 12 (23.1) 7.07 0.14 0.50-99.60

* reference category.
OR estimated by logistic regression model, based on 43 couples, because of missing data.

TABLE 4
Job Category and Duration of Employment: Test for Trend (Cuzik’s)
Job category

. Managers Railway workers Metalworkers
Duration of employment
(years) Cases Controls Cases Controls Cases Controls

0-1 151 160 156 165 130 141
2-10 2 1 2 0 13 10
11-20 4 4 1 1 6 4
21-30 4 2 3 0 4 3

= 31 6 0 5 1 14 9

P value 0.04 0.01 0.12

categories considered for males, the
only significant risk factor appeared
to be exposure to asbestos (OR, 7.11;
95% CI, 1.46— 34.51). However, a
not significant increase in risk was
aso found for exposure to welding
fumes (OR, 5.67; 95% ClI, 0.78—
41.31). An apparent significant neg-
ative association with RCC emerged
for occupational exposure to inor-
ganic lead (OR, 0.13; 95% ClI, 0.02—
0.73). Among the two categories
considered for females, no signifi-
cant association was evident.
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Extension of Matched Pairs by
Substitution of Missing Data

Because of missing data, less than
the total number of observations
could be included into the main con-
ditional regression analysis. To
check for a possible selection bias
due to the missing cases, we repeated
the conditional models after substi-
tuting the missing values, first with
data derived from the category with
the highest level of risk, and then
with data from the category with the
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lowest risk. We found that, apart
from a general narrowing of 95% Cl,
the results of these models did not
differ from those of the main analy-
sis (data not shown).

Analysis with Respect to
Histological Subtypes

The RCC studied were mostly of
the clear-cell histological subtype. A
conditional regression model applied
to the male patients with this subtype
(n = 141) and their matched controls
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TABLE 5
Adjusted Matched OR for RCC for Some Professional Exposures
Exposures Cases Controls OR P value 95% CI
Asbestos* 11 4 711 0.02 1.46-34.51
Mineral oils* 11 5 1.19 0.84 0.22-6.49
Petroleum products* 16 11 2.13 0.26 0.58-7.88
Solvents* 17 22 0.79 0.61 0.31-1.98
Solventst 3 4 1.47 0.75 0.12-17.46
Welding fumes* 8 6 5.67 0.09 0.78-41.31
Lead” 6 11 0.13 0.02 0.02-0.73
Pesticides* 12 8 1.24 0.74 0.34-4.57
Pesticidest 3 4 0.32 0.51 0.01-9.20
* Males.
T Females.

OR estimated by logistic regression models including the nonprofessional variables, based on 150 couples for males (and on 43 couples

for females), because of missing data.

provided similar results to those of
the main model (data not shown).

Unconditional Logistic
Regression Analysis of All
Respondents’ Data

To gain statistical power, we also
analyzed the data of all 487 respon-
dents (249 RCC patients and 238
control subjects) using unconditional
logistic regression models, for males
and females, inserting the matching
variables (age, admission date, place
of birth, residence zone). The results
showed minor variations from those
of the conditional models. For males,
the positive OR of phenacetin use
and of managers became significant
(and the negative OR of inorganic
lead not significant). For females, the
OR of high BMI became not signif-
icant, while that of high meat intake
became significant.

To eliminate the possibility of bias
induced by responses provided by
next of kin, we also analyzed the data
of the 366 respondents (198 RCC
patients and 168 controls) who re-
plied in person (data not shown).
Among males, the OR of railway
workers, asbestos exposure and high
BMI remained significant. Among
females, only the OR of diuretics
reached borderline significance.

Discussion

Relatively little is known about
occupational and other risk factors
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for RCC apart from their ethnic and
geographical variability. Along with
exposure to ashestos, employment in
the metal industry and exposure to
cadmium, dry-cleaning solvents or
petroleum products have been iden-
tified as likely risk factors.® Without
making any claims for completeness,
epidemiological studies on individ-
ua populationsin specific geograph-
ical areas may uncover previously
undocumented risk factors.

The main aim of the present
case—control study wasto search for
evidence of possible job-related risk
factors for RCC. The study was con-
ducted on a geographically and eth-
nically defined population, consist-
ing amost entirely of Itaians (with
the exception of two non-Italian Eu-
ropeans) living in the town of Bolo-
gha and its surrounding Province.
Bologna is situated in central north-
ern Italy, where there appears to be
one of the highest concentrations of
RCC in Europe. Various types of
light industry are located in Bologna
and its Province (which includes a
section of the Po valley and northern
Appennines), and agriculture is
highly developed in the plain. Be-
cause Bologna is the principal town
of the Emilia Romagna Region and
the seat of an ancient University,
many of its inhabitants are involved
in non-industrial activities. Bologna
isalso amajor hub in Italy’s railway
network.
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A striking finding of the study isthe
significantly higher prevalence of
RCC found among raillway workers,
even after adjusting for confounding
factors, including high BMI, drinking,
smoking and use of diuretics. To our
knowledge, this is the third time that
railway workers have been linked to a
raised risk of RCC. In one of the few
studies that included this occupationa
category, Pesch found asignificant OR
of about 6 for railway brakemen, sig-
nalmen and shunters.'® Furthermore,
in astudy based in Montrea regarding
227 eligible cases of kidney cancer,
Siemiaycki recorded an OR of 2.8
(90% CI 1.5-5.1) among railway in-
dustry workers **. The workers en-
rolled by us al operated either on
trains (as engine drivers, conductors,
ticket controllers, traveling personnel,
etc) or near to them (as pointsmen,
platform and sidings workers, €tc),
while railway office personnel and
construction and maintenance workers
were included under other job head-
ings (clerks, metal or construction
workers, etc). Further studies are
needed to exclude the possibility that
the higher prevadence of RCC found
by us among railway workers was not
achancefinding. Nevertheless, severa
possible explanations could account
for such an association, including ex-
posure to ashestos or to low-frequency
eectromagnetic fields™ or to diesd/
coke fumes.***3 Although electromag-
netic fields have been linked to a
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dightly increased risk of RCC,** it was
not possible for us to ascertain which
subgroups of workers underwent cer-
tain or very probable exposures. Use of
asbestos as an insulator in wagons and
locomotives is known to have caused
many cases of pleural mesothelioma
among railway workers both in Italy™
and esewhere.*® Some of the rail-
way workers studied by us had been
exposed to diesel fumes or cod, and
this factor may aso have had some
influence.

As a specific risk factor, we found
that certain or very probable expo-
sure to asbestos was associated with
raised risk of RCC, with OR >7,
irrespective of occupation. Thisfind-
ing agrees with most other stud-
ies, 5191718 with the exception of
two where no significantly increased
risk was found.**?° The link be-
tween asbestos exposure and RCC is
supported by findings of asbestos
fibersin the kidneys*?2 or urine*>2*
of exposed workers. However, a re-
cent meta-analysis® concluded that
high asbestos exposure might entail
only a dlight increase in risk.

As well as railway workers, some
metal workers, such as bus, truck and
railway wagon builders and mechan-
ics, tended until recently to be ex-
posed to asbestos. In our study, metal
workers showed a not significant in-
creaseinrisk of RCC (with an OR of
about 2 among males, becoming sig-
nificant at unconditional analysis)
that was not associated with duration
of employment. This finding fitsinto
a picture of conflicting data from
other studies: some authors found
that metal workers had a signifi-
cantly higher risk of RCC,®20:26:27
while others did not.*”*%?® The sus-
pected increased risk in metal work-
ers may also be attributed to expo-
sure to a mixture of various noxae,
including metal fumes, oils and sol-
vents, that have been individualy
associated with RCC.° It is notewor-
thy that a not significant association
was present in our overall study pop-
ulation between specific exposure to
welding fumes and risk of RCC.
Other studies have reported in-
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creased risk among welders.
Welding fumes can contain a variety
of metals, including cadmium, expo-
sure to which has been associated
with RCC.?° Surprisingly, in our
study, exposure to inorganic lead
was not associated with RCC. This
unexpected finding contrasts with
several other studies 011263031
However, Stern and coworkers®’
aso found no significant association,
while a recent meta-analysis re-
vealed only not significant evidence
of a dightly increased risk.> At
conditional regression analysis, our
data actually showed a significant
negative association (becoming not
significant at unconditional analy-
sis), presumably related to the fact
that our controls were patients who
had been admitted to hospital for
other reasons, including vascular pa-
thologies (in 4 out of 10 of the
controls matched with subjects ex-
posed to inorganic lead), and chronic
lead poisoning is a likely cause of
hypertension.®?

Interestingly, managers consti-
tuted the only other job category for
which some evidence of araised risk
of RCC emerged in our study (with
an OR of about 3.5 among males,
becoming significant only at uncon-
ditional analysis). The apparent risk
was associated with extensive dura-
tion of employment. This is not the
first time that this occupation has
been linked to increased risk of
RCC.?® Other studies either found no
association®* or did not consider this
particular professional category.®
Some authors reported increased risk
in other white-collar jobs. 22323619 A
possible explanation for our finding,
apart from chance, could be a seden-
tary lifestyle. A recent study reported
that occupational physical activity is
inversely associated with RCC in
males®” (although the authors were
unable to provide confirmation of
this®®). Comorbids of physical inac-
tivity, such as diabetes, obesity, hy-
pertension and limited immune re-
sponse, might be implicated.
Another recent study found that risk
of RCC is higher in men with raised
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blood pressure as well as with ele-
vated BMI.*°

Among the nonoccupational fac-
tors studied, high BMI has been as-
sociated with increased risk of RCC
in the vast majority of stud-
ies.3049=%8 The emergence of this
particular factor (among both males
and females) in the context of a
hospital-based case-control study
such as ours, however, may be par-
ticularly relevant. Obesity is known
to determine increased morbidity in
general.*® Consequently, in a hospi-
tal oneislikely to encounter a higher
percentage of obese people than in
the general population (standardizing
for age, sex, and so on). Hence, the
present study strongly underlines the
relevance of high BMI as a risk
factor for RCC.

By contrast, smoking showed an
apparent, negative association with
risk of RCC. This rather unexpected
finding presumably depends on the
hospital-based setting of the study,
which gives rise to the so-called
Berkson's bias: if some of the con-
trols have been affected by an expo-
sure that is also related to the disease
under study, then the recorded asso-
ciation will be weakened (ie, biased
toward the null hypothesis).®® Ex-
trapolating from the figures of a re-
cent study by the Italian National
Ingtitute of Statistics®™ we can esti-
mate that representative groups from
the general population of the Emilia
Romagna Region (where Bologna is
the principal town), equivalent to
ours for size, age and gender, would
on average contain about 40 current
male smokers and 4 female ones:
these are remarkably close to the
numbers found among our RCC pa-
tients (44 maes and 6 females).
Hence, if our controls had been
drawn from the general population, it
isunlikely that we would have found
anything more than a marginaly in-
creased risk of RCC. While some
positive associations have been re-
corded in the literature, 4244258
severa studies have been unable to
find any significant link between
smoking habits and RCC.2041-59€0
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Our results suggest that if such an
association does exidt, it is almost
certainly much weaker than what is
found in most smoking-related dis-
eases.

Use of hospital controls probably
aso affected our results concerning
acohol consumption, which imply
an apparent increase of risk for low-
moderate drinkers and no increased
risk for heavy drinkers. Recent stud-
ies have demonstrated that subjects
who regularly consume low-moder-
ate quantities of wine experience
lower morbidity and mortality than
non-drinkers or heavy drinkers.®*
Thisfactor could explain our data (as
well as the results of others*>? who
hypothesized that high acohol intake
might be protective).

In addition to the effects of Berk-
son’'s bias due to the hospital-based
setting of the study,>® other reasons
for caution when interpreting our
datainclude the use of multiple com-
parisons, which could give rise to
occasional chance associations.
However, it should be noted that
Cuzik’s test for trend indicated that
increased risk of RCC among rail-
way workers correlated with dura-
tion of employment. Furthermore,
causative exposures (eg, to asbestos)
could provide a rational explanation
for this finding. Although the study
population was relatively small, (324
matched pairs) the percentage of re-
sponders (75% subjects, 67%
matched pairs) seem acceptable. It
seems unlikely that responses pro-
vided by next of kin (for 24% of
subjects) affected reliability since
exclusion of these data left the main
study findings unchanged. The fact
that lifetime employment in more
than two professions was reported
more often by control subjects (n =
40) than by RCC patients (n = 27)
seems to exclude the possibility that
our results were affected by lack of
information provided by controls.
Although overmatching of profes-
sions can limit the finding of true
associations when cases and controls
are residentially matched, it should
be noted that the Province of Bolo-
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gha contains a wide variety of small-
medium sized industry, agriculture
and service-sector employment.
Conversely, the high number of rail-
way workers employed around Bolo-
gha—arailway hub playing asimilar
role to that of Crewe in Britain or
Lyon in France—may have helped
uncover an association with RCC
that could be more difficult to reveal
in other populations.

In conclusion, this hospital-based
case—control study on a geographi-
cally defined population suggests
that railway workers operating either
on or near to trains could have in-
creased risk of developing RCC. The
role of ashestos exposure as a likely
specific risk factor—as evidenced in
the present study—provides a possi-
ble explanation for this finding.
Other concomitant factors could in-
clude exposure to electromagnetic
fields and diesel or coke fumes. Our
data suggest that metal workers
could also be at increased risk of
RCC. Future cohort studies should
help clarify the possible risks en-
countered by railway workers, metal
workers, and maybe also by manag-
ers. In our study, managers showed a
dlight increase in risk of RCC, per-
haps due to a more sedentary life-
style. The weight of evidence that
high BMI is a risk factor for RCC
provides another argument for pre-
venting obesity.
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