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ABSTRACT
OBJECTIVE: To investigate cancer deaths among rubber industry workers according
to company size.
METHODS: This historical cohort study included 9,188 male workers, engaged as
members of a workers’ union in São Paulo, Southeastern Brazil, between 1975 and
1985, alive in January 1990 and followed until the end of 2000. Overall and specific
cancer deaths were compared within the cohort, with subjects stratified according to
company size and economic activity, sector of work, and worker qualification. Risk set
assessment and conditional logistic regression were used to estimate relative risks,
adjusted for age, time since first job, and duration of employment in the rubber industry.
RESULTS: When compared to employees of larger companies, workers employed
in small companies showed greater risk of death due to any type of cancer (RR=2.33,
95% CI: 0.90-6.03), stomach tumors (RR=3.47; 95% CI: 2.57-4.67), and upper
aero-digestive tract tumors (RR=2.49; 95% CI: 1.78-3.48). Risk of death was greater
among workers employed in maintenance (RR=2.23; 95% CI: 0.73-6.76); expedition,
storage and transportation (RR=2.97; 95% CI: 0.77-11.38); and production (RR=3.51;
95% CI: 1.07-11.57), when compared to workers engaged in clerical work and
support activities.
CONCLUSIONS: Our results provide further evidence for an increased risk of
stomach and upper aero-digestive tract tumors – and possibly of all types of cancer –
among rubber industry workers employed in small companies when compared to
employees of larger companies.
KEYWORDS: Neoplasms, mortality. Rubber industry. Occupational health.
Cohort studies. Risk.
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INTRODUCTION
The rubber industry is a unique example of complex
exposure of human beings to chemicals. This exposure is considered as carcinogenic for humans by the
World Health Organization’s International Agency for
Research on Cancer.*,** Ideally, an estimate of the
risk of cancer death related to each of the carcinogenic substances present in the production process
of multiple rubber products would be desirable. However, this is impossible in practice due to the lack of
adequate and feasible techniques for identifying and
measuring individual exposure to the many substances used in this industry, many of which even
lack known chemical structures. An alternative to
overcome such difficulties is to use indirect classifications for exposure, such as time working in the industry, tasks performed, and work sector, in order to
evaluate the risk of cancer in the rubber industry.8,9
Although a wide range of levels of exposure to different substances have been found in the rubber industry, certain patterns have been identified. Exposure
to airborne particulate matter takes place especially
during the early stages of the production process,
during the manipulation, weighting, and mixing of
raw materials. Solvents are employed during the mixing stages, when they are sprayed over the rubber
before it is vulcanized. Vulcanization, in its turn, generates fumes and gases that contain benzene, polycyclic aromatic hydrocarbons, and nitrosamines. During product inspection, finishing, and storage stages,
contaminants such as nitrosamine can be detected in
the environment.15 These distinct stages are less noticeable in smaller companies, where work organization and infrastructure are deficient.
Epidemiological studies conducted in developed
countries, usually in the context of large companies,
have shown increased risk of leukemia, lymphomas,
and cancers of the bladder, lung, larynx, stomach,
colon, prostate, pancreas, liver, and skin among rubber industry workers.7 However, the magnitude of the
risks found varies greatly among studies.
Little information is available on the occurrence of
cancer in the rubber industry in developing countries. In Brazil, as in Latin-America, there are no cohort studies investigating the occurrence of cancer in
this industry.
The present study was aimed at determining cancer
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mortality rates among workers of the rubber industry.
Our primary hypothesis was that the size of the company would influence the risk of cancer death, i.e.,
that the employees of small companies would be at
greater risk of dying of cancer than those of large
companies.
METHODS
We studied a fixed-population cohort, consisting of
workers engaged in a rubber industry workers’ union
in the state of São Paulo, Southeastern Brazil, between 1 January 1975 and 31 December 1985, who
were alive on 1 January 1990. Subjects were followed
until 31 December 2000. The choice of including
only workers who were alive on 1 January 1990 was
based on the fact that reliable information on cause
of death was available only after this date.
Data were transcribed into an electronic database and
subjected to consistency procedures. Of the 17,717
workers enrolled in the union between 1975 and
1985, 14,359 (81%) were identified in the Cadastro
Nacional de Informações Sociais (National Social
Information Database – CNIS), which is maintained
by the Brazilian Ministry of Labor and Employment.
Females (n=1,336) were excluded from the analyses,
leading to a study population of 9,188 male workers.
The company for which subjects worked upon
enrollment in the union was obtained from union registration forms. We thus identified 205 companies,
to which we added all other companies identified in
union databases, totaling 1,017 companies with company name and Cadastro Nacional de Pessoa Jurídica
(National Business Registration Number). The
Empresa de Processamento de Dados da Previdência
Social (Social Security Data Processing Company Dataprev) identified, in the CNIS database, all subjects with labor relationships with any of the 1,017
companies. Dataprev searched for the records of each
subject working in these companies and generated a
database with the occupational history of 1,076,917
workers, corresponding to 7,134,022 employments,
with beginning and ending dates, in 646,923 companies of any type and field. We traced 9,188 members
of the cohort in this database. Employment prior to
1975 was considered as beginning on 1 January 1975.
We found 743 rubber manufacturing companies, located in any of the country’s five regions, in which

*International Agency for Research on Cancer - IARC. Overall Evaluations of Carcinogenicity to Humans. Available on-line at://wwwcie.iarc.fr/monoeval/crthall.html [2006 jan 06].
**International Agency for Research on Cancer - IARC. The rubber industry. Lyon; 1982. (IARC Monographs on the evaluation of carcinogenic
risks to humans, 28).
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Table 1 - Characteristics of the companies that employed cohort members. São Paulo, Brazil, 1990-2000.
Size
Small
Medium
Large
Changed size**

Tire manufacture
1
0
2
4

Sub-area of activity
Tire recycling
Rubber artifacts
238
0
1
12

351
10
5
110

Not classified*
0
0
0
9

Total
599
10
8
126

Total
7
251
476
9
743
*Companies not classified with respect to sub-area of activity due to insufficient information
**The size of companies was calculated annually, therefore some companies changed size during the studied period

members of the cohort had been employed. These
companies were classified into three sub-areas: tire
manufacture, rubber article manufacture, and tire recycling. We also classified companies by size, according to the number of employees (under 100, 100499, 500 and over). Employment commencement and
termination dates were used to calculate the duration
of employment of each subject and the year-to-year
size of companies. The distribution of companies according to size and sub-area is presented in Table 1.
We found that the larger the number of different
employments, the higher the probability of the subject
having worked in companies of different sizes and subareas. Moreover, the size of some companies changed
during the studied period. However, the majority of
the workers in the cohort worked always in companies
of similar size and equivalent sub-area (Table 2).
Professional qualification and sector of employment
were determined based on to the information provided by the worker upon entry to the union. Many
workers may have changed sectors; however, the
databases consulted do not allow us to evaluate such
dynamics. Professional qualification was divided
into three groups: non-qualified; qualified; and general management and higher level professionals. Sectors of employment were divided into four groups:
office and support; maintenance; expedition, storage, and support; and production (Table 2).
Each subject in the cohort was thus identified in terms
of beginning of exposure to industry (date of first
employment, starting in 1975); duration of employment in small, medium, and large rubber manufacturing companies; production sub-area; personal qualification; and sector of employment upon enrollment
in the union.
Multiple sources were used for the follow-up of subjects and identification of deaths. Search in these
sources was hierarchical, despite being performed simultaneously in certain situations. Once reliable information on a subject was obtained from one of the
sources, search in the remaining sources was interrupted. Information from different sources were or-

ganized into a single database, in which the dates of
entry and withdrawal of the subject from the source,
as well as the subject’s vital status (living/deceased),
were recorded.
The CNIS database allowed for an investigation of
subjects’ occupational histories. Subjects with registered employment on 31 December 2000 were considered as alive at the end of the study. Two other
sources were also investigated: the Sistema
Informatizado de Óbitos (Computerized Mortality
System - SISOBI) and the Sistema Único de Benefícios
(Unified Benefit System - SUB), from which we obtained information on the beginning and ending of
social security benefits received by cohort members
or, when benefits were requested due to death, on the
date and city where the death was registered. The
Relação Anual de Informações Sociais (Annual Social Information Report - RAIS) was used to confirm
the vital status of cohort members.
Based on the Tribunal Regional Eleitoral (Regional
Electoral Court - TRE) database, we considered as
being alive in 2002 all subjects present to the 2002
election. When the TRE provided information on
the date and city of death of a given subject, the
city’s notary publics were investigated for the presence of a death certificate (DC). The Sistema Estadual
de Análises de Dados (State Data Analysis System SEADE) Foundation and the Programa de Aprimoramento de Informações de Mortalidade do
Município de São Paulo (City of São Paulo Mortality Information Improvement Program - PRO-AIM)
were also invaluable sources of information on the
death of cohort members and were essential for the
location of DC.
After uniting the information contributed by each of
these sources, the following profile of the status of
cohort members in 31 December 2000 was established: 7,032 (76.5%) living; 1,604 (17.5%) lost to
follow-up; and 552 (6.0%) deceased.
The expected number of deaths was calculated based
on the age distribution and mortality for the population of São Paulo State between 1980 and 2000. This
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Table 2 - Characteristics of cohort members. São Paulo, Brazil, 1990-2000.
Variable
Age at first job in rubber industry (years)
<18
18-24
25-34
35-44
45-54
≥55
Size of company of employment
Always large
Always medium
Always small
Changed size
Sub-area of employment
Always tire manufacture
Always tire recycling
Always rubber article manufacture
Changed sub-area of activity
Sector of employment
Office and support
Maintenance
Expedition, storage, transportation
Production
Not classified
Professional qualification
Non-qualified
Qualified
Managerial and higher level position
Not classified

was calculated using the direct standardization
method.2 We thus obtained an estimate of 831 deaths,
of which 111 were due to cancer.
Although we found information on the deaths of 651
subjects, 99 of these did not include either the date or
city of registration. These subjects were considered
as lost to follow-up. We did not obtain copies of the
DC or information on underlying cause of death for
104 deaths with known date and city. Copies of the
DC were obtained for 421 deaths. For 27 deaths, we
accepted the underlying cause of death included in
the SEADE (8 deaths) and PRO-AIM (19 deaths) electronic databases, thus totaling 448 deaths of cohort
members with defined date and cause.
A trained SEADE codifier reviewed the DC and standardized the coding of underlying cause of death according to the 10th revision of the International Classification of Diseases and Related Health Problems
(ICD-10),10 identifying 67 cancer deaths.
Cancer deaths were compared within the cohort, considering the distribution of subjects according to company size and sub-area, professional qualification,
sector of employment, and duration of exposure in
each category. We calculated the effect of each variable on cancer mortality. We did not carry out external comparisons due to the losses to follow-up and to
the large number of deaths without defined causes.
We used risk set assessment2 and conditional logistic
regression for data analysis. Relative risk (RR) was

Subjects
(N=9,188)

%

814
3,371
3,156
1,390
399
58

8.9
36.7
34.3
15.1
4.3
0.7

4,427
1,394
799
2,568

48.2
15.2
8.7
28.0

2,757
943
4,749
739

30.0
10.3
51.7
8.0

867
1,291
438
5,468
1,124

9.4
14.1
4.8
59.5
12.2

3,001
5,457
646
84

32.7
59.4
7.0
0.9

calculated by comparing each cancer death with all
living cohort members under risk at that moment.
Thus, each subject may contribute to several risk sets.
Potential confounders “age, total duration of employment, and time since first exposure in the rubber industry” were controlled for during analysis.
We built a database including 67 risk sets, one for
each cancer death, ranging from 7,058 to 8,952 subjects for comparison. Risk sets included the following information on subjects: identification; date of
entry into union; date of birth; beginning of first
employment in rubber industry; beginning and end
of each employment in rubber industry and company
classification according to sub-area and size; total
duration of employment in rubber industry; professional qualification; sector of employment; date of
exit from the cohort (due to death, loss, or end of
follow-up); and, when applicable, cause of death.
We calculated latency periods for each subject, excluding periods of employment in the rubber industry in the 10 years preceding the subject’s death. This
period is of little relevance from the etiological perspective, since any cases of cancer occurred within
this period are unlikely to be associated to exposure
in the rubber industry.5
In addition to analyses considering the total number
of tumors, we examined the risk of occurrence of specific cancers with frequencies large enough to allow
for statistical treatment. These included lung, stomach, and upper aero-digestive tract cancer. Estimated
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RR according to sub-area, size, sector, and professional
qualification were calculated considering scenarios
with any duration of employment in the rubber industry, with and without the inclusion of the latency period. We used SAS version 8.02 software both for building databases and for statistical analysis.
RESULTS
Mean number of jobs in any area among cohort members was 8.2; mean number of jobs within the rubber
industry was 2,0. Most subjects (80%) were first employed in the rubber industry before age 35 years.
Roughly one-half of all subjects were always employed in large companies and in the rubber article
manufacture sub-area. Most workers (59.5%) were
employed in production, and 59.4% of subjects were
classified as qualified workers (Table 2).
Total losses amounted to 1,708 subjects (18.6%),
which include the 203 deaths for which we could not
obtain a copy of the DC, although information on the
date and city of death were available. Of the 448
deaths with defined underlying cause, the proportion of cancer deaths (14.9%) was above the expected
for the population of the State of São Paulo (13.4%).
The distribution of cancers according to anatomical
site is presented in Table 3. Cancers of the stomach
and lung were the most frequent.

the rubber industry was over 20 years ago showed
excess deaths due to cancer in general (RR=1.84; 95%
CI: 0.78-4.33) when compared to those who began
their activities in the rubber industry 20 or less years
ago. Duration of employment in the rubber industry,
treated as a continuous variable, was negatively associated with death by cancer (RR=0.94; 95% CI:
0.89-0.99), which corresponds to a protective effect
of 6% for each additional year of work.
Although not all estimates attained statistical significance, the results obtained allow us to formulate the
hypothesis that workers always employed in small or
medium companies showed increased risk of death due
to any type of cancer, as well as to cancer of the stomach and upper aero-digestive tract (Tables 4 and 5).
We did not find differences in risk of death between
workers employed in the different sub-areas (Table
4). However, we did find a protective effect for cancer of the stomach and upper aero-digestive tract
among workers always employed in the rubber article manufacture sub-area, when compared to those
producing tires (Table 5). We were unable to calculate the risk of death due to lung and stomach tumors
for this variable.

Table 4 presents the relative risk for variables company size, sub-area, sector of employment, and professional qualification, both including and not including the latency period.

Subjects who worked in maintenance; expedition, storage, and transportation, and in production sectors
showed excess deaths due to any type of cancer when
compared to subjects working in office and support
sectors (Table 4). We were unable to calculate the effect of variable “sector of work” on mortality due to
lung, stomach, and upper aero-digestive tract cancer.

We found a 13% increase in the chance of cancer
death for each additional year of life (RR=1.13; 95%
CI: 1.11-1.16). Subjects whose first employment in

We found excess mortality due to any type of cancer
among subjects occupying managerial and higher
level positions, when compared to non-qualified

Table 3 - Cancer deaths in the cohort, according to anatomic site and International Classification of Diseases, 10th Review
(ICD-10). São Paulo, Brazil, 1990-2000.
ICD-10

Anatomic site

C01-06; C09-10; C13-14
C15
C16
C18.7
C20
C22
C32
C34
C43.9
C45-49
C61
C64
C67
C71
C76; C80
C82-83; C85
C90
C91-95
C00-97
*Cases grouped as upper aero-digestive tract

Oral cavity and pharynx*
Esophagus*
Stomach
Colon
Rectum
Liver and intrahepatic bile ducts
Larynx*
Bronchus and lung
Skin
Mesothelial and soft tissues
Prostate
Kidney
Bladder
Brain
Ill-specified
Non-Hodgkin’s lymphoma
Multiple myeloma
Leukemias
All sites

N (%)
3 (4.5)
7 (10.4)
17 (25.4)
1 (1.5)
2 (3.0)
3 (4.5)
4 (6.0)
9 (13.4)
1 (1.5)
1 (1.5)
3 (4.5)
3 (4.5)
1 (1.5)
3 (4.5)
4 (6.0)
1 (1.5)
1 (1.5)
3 (4.5)
67 (100.0)
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Table 4 - Analyses with and without the inclusion of the latency period of relative risks (RR) related to size, sub-area of activity,
and sector of work of companies in which cohort members were employed, and professional qualification of workers on the
occurrence of death due to all types of cancer (n=67). São Paulo, Brazil, 1990-2000.
Variable

Without latency
(95% CI)
RR **

With latency*
RR**
(95% CI)

Company size
Always large***
1.00
1.00
Always medium
1.99
(1.03-3.82)
1.91
(0.81-4.50)
Always small
1.41
(0.58-3.45)
2.33
(0.90-6.03)
Changed size
1.09
(0.59-1.99)
1.32
(0.61-3.00)
Company sub-area
Always tire manufacture***
1.00
1.00
Always tire recycling
1.45
(0.60-3.52)
0.97
(0.31-3.01)
Always rubber article manufacture
1.05
(0.49-2.25)
0.70
(0.27-1.84)
Changed sub-area of activity
1.62
(0.54-4.91)
0.71
(0.25-2.00)
Company sector
Office and support***
1.00
1.00
Maintenance
4.13
(1.21-14.07)
2.23
(0.73-6.76)
Expedition, storage, transportation
3.61
(0.92-14.12)
2.97
(0.77-11.38)
Production
2.82
(0.90-8.88)
3.51
(1.07-11.57)
Professional qualification
Non-qualified***
1.00
1.00
Qualified
1.08
(0.55-2.12)
1.08
(0.55-2.14)
Managerial and higher level position
2.72
(1.24-5.97)
2.69
(1.23-5.88)
*Latency was obtained by the exclusion of exposures in the ten years preceding the occurrence of cancer
**Relative risk adjusted for age, time since first employment, and total duration of employment in the rubber industry
***Reference categories

workers (Table 4). However, managerial or higher level
position was a protective factor for death due to stomach and upper aero-digestive tract cancer (Table 5).
We were unable to calculate the effect of professional
qualification on lung cancer mortality.

comparison of our results. This result may reflect
the fact that smaller companies are usually less structured and, consequently, environments are less
healthy, and the probability of exposure to carcinogenic substances is greater.7

DISCUSSION

Sub-area of activity was not a risk factor in our population. Sorahan et al13 identified excess esophagus cancer deaths among workers in the rubber article manufacturing sub-area, when compared to those working
in tire manufacture. We were unable to evaluate the
risk of lung and stomach cancer according to sub-area
due to the limitations of our sample. However, workers
from the rubber article manufacture sector showed protection against upper aero-digestive tract cancer when
compared to workers from the tire industry.

Beginning to work in the rubber industry earlier (>20
years ago) was positively associated with cancer
death. This result is comparable to that reported by
Weiland et al,16 who identified increased risk of cancer for periods between 10 and 20 years since first
employment in the rubber industry. Gustavsson et al6
reported increased cancer mortality in the Swedish
rubber industry for workers admitted more than 40
years before the study.
Workers with greater time of employment in the rubber
industry were protected from cancer mortality. Used as
a surrogate for cumulative exposure, time of employment also reflects the healthy worker effect, and the
apparently contradictory protective effect detected is
not unprecedented. Checkoway et al3,4 argued that the
healthy worker effect is perceived in both internal and
external comparisons in the context of occupational
cohort studies. Bernardinelli et al1 identified protection against cancer mortality only during the first years
of employment in the rubber industry and increased
risk after the second decade of employment.
The results of the present study support the hypothesis that the risk of cancer death in the rubber industry increases as company size decreases. No other
studies include this evaluation, which prevents a

The analysis of cancer mortality according to sector
of employment showed increased risk for the maintenance; expedition, storage, and transportation, and
the production sectors, when compared to the office
and support sector. One may assume that, regardless
of the company’s sub-area, the greatest risk of exposure to carcinogenic substances will be for workers of
the production sector. In spite of the lack of a common standard by which to classify sectors of employment, epidemiological studies have attempted to identify areas or tasks of greater risk in different departments. The association between stomach and lung
cancer mortality and work in the rubber industry has
been attributed to the exposure to rubber dust,
particulate matter in general, fibers, oils, and talcum,
which are present mostly in the production sectors.13,14
Workers occupying managerial or higher-level posi-

Cancer mortality in rubber industry workers
Neves H et al

Rev Saúde Pública 2006;40(2)

Table 5 - Analysis with the inclusion of latency* of relative risks (RR) related to size, sub-area of activity, and sector of work
of companies in which cohort members were employed, and professional qualification of workers on the occurrence of death
due to lung, stomach, and upper aero-digestive- tract (UADT). São Paulo, Brazil, 1990-2000.
Variable
RR**

Lung
(n=9)

(95% CI)

Stomach
(n=17)
RR**
(95% CI)

UADT
(n=14)
RR**
(95% CI)

Company size
Always large***
1.00
1.00
1.00
Always medium
0.43
(0.21-0.89)
1.18
(0.83-1.66)
2.30
Always small
3.47
(2.57-4.67)
2.49
Changed size
0.97
(0.54-1.72)
0.62
(0.45-0.87)
3.91
Company sub-area
Always tire manufacture***
1.00
Always tire recycling
1.04
Always rubber article manufacture
0.40
Changed sub-area of activity
0.63
Company sector
Office and support***
Maintenance
Expedition, storage, transportation
Production
Professional qualification
Non-qualified***
1.00
1.00
Qualified
0.06
(0.03-0.14)
Managerial and higher level position
0.58
(0.49-0.69)
0.73
*Latency was obtained by the exclusion of exposures in the ten years preceding the occurrence of cancer
**Relative risk adjusted for age, time since first employment, and total duration of employment in the rubber
***Reference categories

tions showed excess deaths due to any type of cancer.
Paradoxically, however, this same group was protected against cancer death of the stomach and of the
upper aero-digestive tract. We were unable to explain
this finding. We were also unable to find other studies investigating professional qualification. On the
other hand, stomach and upper aero-digestive tract
cancers affect mostly the lower socioeconomic strata.11
Thus, it is likely that the protection observed for these
types of tumor in subjects with managerial or higherlevel positions would be a reflection of the effect of
socioeconomic variables on mortality.
The comparative analysis showed that losses to follow-up (18.6%) were similar to subjects traced until
the end of the cohort in terms of selected variables
of interest. This indicates that losses to follow-up
were not due to factors related to exposure or disease of interest. Several limitations are implied in
the present study and may have introduced distortions into our estimates.
The loss of information on deaths – which includes
both deaths that were not located and those that were
located but lacked information on the underlying
cause of death – reduced the precision of our estimates in a non-measurable manner. However, it is
likely that the actual number of deaths in the cohort
is smaller than expected, if we consider the healthy
worker effect. This effect was identified in the analysis of variable “time of employment in the rubber
industry”. However, two factors may distort its measurement – namely that workers may have had nonregistered jobs, and that the work experience prior to

(1.68-3.17)
(1.78-3.48)
(3.00-5.09)
(0.75-1.44)
(0.30-0.54)
(0.47-0.86)
(0.61-0.87)
industry

1975 was not investigated. The healthy worker effect
may have influenced the risk estimates in the present
study; however, we highlight the fact that this effect
is less pronounced in cohort analyses based on internal comparisons and in cancer studies.
The number of cancer deaths in the cohort was small,
which prevented us from attaining the necessary statistical power for some of the calculated estimates. In
the analysis considering the latency period – i.e., excluding from the analysis the 10-year period preceding death due to cancer – the number of observations
was even smaller. However, estimates with this restriction were more faithful to reality and conferred greater
coherence and biological plausibility to the results.
Smoking and alcohol consumption are potential risk
factor for certain types of cancer and were not controlled for in the present study. However, as usual with
occupational cohort studies, we assume that there
were no substantial differences in terms of these factors between the groups of workers.
The failure to detect differences in cancer mortality
between the workers of different sub-areas may be due
to non-differential misclassification. Some of the companies were unknown to union managers, and no adequate source of confirmation of the assumptions made
regarding this variable was identified. Professional
qualification and sector of employment, classified
based on the information provided by workers upon
enrollment in the union, may have changed with time,
and we were unable to follow such alterations. Therefore, caution is advised when considering the results
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obtained for these two variables. An alternative to improve the quality of these data would be to apply them
to an occupational exposure matrix.12
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