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Although asbestos causes asbestosis, lung cancer, and
mesothelioma, it remains widely used in Brazil, mostly
in cement-fiber products. We report the Brazilian
mesothelioma mortality trend 1980–2003, using
records of the national System of Mortality Information
of DATASUS, including all deaths with IX International
Disease Classification (ICD9) codes 163.n—pleura cancer
during the period 1980-1995; and ICD10 codes c45.n—
mesotheliomas and c38.4—pleura cancer for the years
1996–2003. Mesothelioma mortality rates increased
over the period studied, from 0.56 to 1.10 deaths per
100,000 habitants. The total number of mesothelioma
deaths nationwide in the period studied was 2,414; the
majority (1,415) were in the Southeast region. Mortal-
ity was highest among males and people over age 65.
Given the history of asbestos exposure in Brazil, our
findings support the need for policies that limit or ban
the use of this product. Key words: mesothelioma, mor-
tality, asbestos, occupational epidemiology, Brazil.
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Mesothelioma, especially in the pleura, is
caused by human exposure to asbestos fibers.
Asbestos fibers may be inhaled by workers

who deal directly with the fibers, by family members
who encounter involuntary “take-home” exposures
from workers’ clothing, and by inhabitants of areas
close to worksites where asbestos is processed or used.
Environmental contamination can also occur through
release of fibers from asbestos-containing products,
such as tiles and pipes.

Doll1 published the first English language epidemio-
logic study that demonstrated the association between
asbestos exposure and lung cancer, and Wedler2 estab-
lished for the first time the relationship between
asbestos and mesothelioma. The latency period for

asbestos-caused mesothelioma latency is usually 20–40
years, but can range up to 60 years. However, in some
individuals, the latency period may be shorter.3

Asbestos is considered a human carcinogen by Inter-
national Agency for Research on Cancer (IARC); and
many authors consider asbestos to be the predominant
etiological agent of mesothelioma. Mesothelioma mor-
tality can serve as an indicator of previous exposure to
asbestos.4

The global production of asbestos developed
throughout the 20th century, reaching a peak value
around the 1970s (close to 5.106 tons per year), then
declining to a plateau. Global asbestos consumption is
currently close to 2.106 tons per year. In the year 2000,
only six countries were responsible for almost all global
asbestos production. Brazil is among these countries,
and produces approximately 250,000 tons/year. Of the
Brazilian production, 182,000 tons were consumed
domestically, representing 1.3kg per capita/year, which
ranks Brazil as the third greatest world wide asbestos
consumer. From 5–10,000 tons/year in the 1960s,
Brazil’s consumption grew to 250,000 tons in the
1990s.5

There is no official information on the number of
individuals exposed to asbestos in Brazil. However, it
has been estimated that there are at least 240,000 work-
ers exposed to asbestos in the fiber-cement and brick
production industries alone.6

An increase in mesothelioma worldwide has been
consistently documented, including an increase in
Brazil.7 Nevertheless, many authors point out that the
number of mesothelioma deaths is underestimated,
due to the long latency time, as well as difficulties in the
diagnosis and identification of exposed individuals.
Leigh8 found that asbestos exposure may have caused a
total of 5–10 million cancer deaths, including both
lung cancer and mesothelioma. In Brazil, a recent
study on pneumoconiosis, including asbestosis, showed
increasing rates in several regions in the country.9

MATERIAL AND METHODS

The main goal of this study is to present the mortality
mesothelioma data from Brazil and its macro-regions
for the years 1980–2003. Mortality data was collected
from the Sistema de Informação sobre Mortalidade
(SIM, Mortality Information System), a database cre-
ated by the Ministry of Health’s DATASUS (Informa-
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tion Department of the Unified Health System). For
the period 1980–1995, we selected records where cause
of death was listed as 9th International Classification of
Diseases (ICD9) codes 163.0—Malignant neoplasm of
Parietal pleura; 163.1—Malignant neoplasm of Visceral
pleura; 163.8—Malignant neoplasm other specified
sites of pleura and 163.9—Malignant neoplasm of
Pleura, unspecified. We assumed that all cases involving
cancer coded as pleural neoplasia could be considered
mesothelioma. For the period 1996–2003, we selected
registered death cases coded as ICD10, codes C45.0—
Mesothelioma of pleura; C45.1—Mesothelioma of peri-
toneum; C45.2—Mesothelioma of pericardium;
C45.7—Mesothelioma of other sites; to C45.9—
Mesothelioma, unspecified, as well as C38.4—Malig-
nant neoplasm of pleura. The data was analyzed
according to states, capitals and regions of the country.
We used Tabwin® software to obtain the number of
deaths from SIM database.

The total Brazilian population for coefficient calcu-
lations was obtained from the Brazilian Institute of
Geography and Statistics (IBGE) General Census of
1980, 1991 and 2000. We estimated total populations for
the intermediate years, based on IBGE data. Because
mesothelioma is a rare cancer in the general popula-
tion, we present the mortality rate in terms of deaths

per 1,000,000 per year, based on the Brazilian popula-
tion of the year 2000, to estimate the standard rates per
age group. We compared state and capital (municipal)
rates for the entire period studied against a standard
rate for the entire nation over the same period. 

RESULTS 

Mesothelioma mortality rates increased over the period
studied, from 0.56 to 1.10 deaths per 100,000 habitants
(Figure 1). There was an accumulated total of 2,414
mesothelioma deaths. Death frequency throughout the
country increased from an average of 68.4 per year in
the 1980s, jumping to 110 per year in the following
decade, and 157 per year in 2000–2003.

Figure 2 shows the distribution of mesothelioma
deaths according to Brazilian region, showing the heavi-
est concentration of deaths in the southeast and south-
ern regions (58.6% and 18.1%, respectively). In Table 1,
we present the standardized mortality rates (SMR) for
the regions, states and capital cities having the highest
average rate of mortality in the period under study. A
considerable variation is observed in the rates, with the
south and southeast regions having the highest rates. The
10 capitals with the highest number of cases accounted
for 38.9% of the total deaths. In the southeast and south
regions the figures were also high. SMRs were highest in
the southern region (a high of 1.52/106 in 1997).

The states of São Paulo (691 deaths) and Rio de
Janeiro (422 deaths) had the highest number of
deaths over the entire period studied; on the other
hand, Amapá (1 death) and Tocantins (2 deaths), pre-
sented the lowest total figures in the series. A sum of
the deaths occurring in the capital cities amounts to
1022 (42.3% of national totals). Rio de Janeiro had
the highest number of deaths (262) followed by the
city of São Paulo (250 deaths), while Boa Vista and
Palmas registered no deaths, and Macapá registered
only one death.

Figure 1—Mesothelioma Standardized Mortality Rate, Brazil 1980–2003 (�106 inhabitants)
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Figure 2—Deaths caused by mesothelioma in Brazil,
1980 to 2003, by region. Data from the National Mor-
tality System, Ministry of Health, Brasil. SE = Southeast; S
= South, NE = Northeast, CW = Center-west, N = North.
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Figure 3 shows the regional distribution by sex, indi-
cating the predominance of deaths of the male sex,
accompanied by a comparable female deaths rates.
Most previous reports reveal much higher ratios of
male/female rate.10,11 The northern region displayed
the lowest number of mesothelioma deaths, with 73
cases total, ranging from a low of 0 in 1982 to a peak of
8 in 2003. The southeastern region had the greatest
number of deaths, amounting to a total of 1,415, rang-
ing from 30 in 1980 to 130 in 2003.

Figure 4 shows the distribution of mesothelioma
deaths by age group. There is a clear increase with age;
almost 50% of the deaths were of individuals over 65
years of age.

DISCUSSION

Today there is an increasing objection to the use of
asbestos in all its forms, as it has been technically estab-
lished that there are no safe levels of exposure to this
carcinogenic agent. The companies that produce or

handle asbestos have opposed the pressure brought by
workers, communities and academic and sanitary insti-
tutions for a global asbestos ban. These companies
have focused on their own commercial interests,
despite the public health costs of asbestos and the fact
that there are several optional technologies available.
More than 45 countries have decided to ban asbestos,
but the asbestos industry has responded by migrating
its production to poorer countries, with fewer laws pro-
tecting the worker and the community health.7,12

According to WHO, there are 124 million people
worldwide directly exposed to asbestos. Also, Goldberg
et al.13 and Lin et al.14 conclude that 20–40% of the
employees in countries that still permit the use of
asbestos were, at least once, in contact with the product.
WHO estimates that 100,000 people die from diseases
related to asbestos annually, and that 43,000 from this
group have mesothelioma and 29,000 lung cancer.15 The
number of mesothelioma cases in industrialized nations
is still growing, and 100,000 deaths are expected to occur
in Europe. In Western Europe, an estimated 9,000
mesothelioma deaths will take place in 2018, and
250,000 will die from mesothelioma over the next 35
years.16 Neuman et al.,17 showed that in Germany there
was an increase in mesothelioma cases between 1987
and 1999. Our study showed similar increases in
mesothelioma mortality. This increase is likely due to the
latency period of mesothelioma in cases first exposed to
asbestos between 1950 and 1980. It is also likely due to
an improvement of diagnostic services in Brazil. 

One of the limitations of this study is the quality of
the DATASUS data, as well as variations in recordkeep-
ing in the 25 years since its implementation. In this
connection, Mello Jorge et al.18 conducted an analysis
of SIM and found that data quality was related to the
clarity with which the death was recorded, as well as the
number of deaths that occurred outside the health care
system. These two factors have been improving over
time. There are some Brazilian states with a high death

Figure 3—Mesothelioma deaths in Brazil, 1980–2003, by
region and gender.
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rate that is classified as poorly-defined by DATASUS.
This deficiency represents an important gap in the
knowledge of distribution of the specific causes of
death, including mesothelioma. According to Mello
Jorge et al., until the middle-1980s more than 20% of
the total deaths included in SIM were poorly defined.
By 1990, the poorly defined group had declined to
about 16% and by the 2000s the frequency of poorly
defined cases dropped to around 13%. Cause of death
reporting is better in the South and Southeast regions,
and worse in the Middle West, Northeast and North. It
is important to point out that, for the diagnosis of
mesothelioma, the presence of qualified diagnostic
centers is fundamental, and these are more common in
the Southern and Southeastern regions.

Variation and ambiguity in ICD reporting codes may
also limit our study. In considering ICD9 reporting
codes in the earlier years covered by our study, we
assumed a correspondence between mortality by
pleura cancer and mesothelioma, labeling all deaths
with the pleura cancer codification as mesothelioma
deaths. Other researchers have multiplied the total
ICD9 pleura cancer cases by correcting factors, either
downwards 0.81, like Banaei,19 or upwards, 1.4 for men
and 1.6 for women, like Murinaga.10 For cases coded
according to the ICD10, we included deaths coded as
mesothelioma as well as those coded as pleura cancer,
bearing in mind that the implementation of ICD10 was
not followed by a specific training of the codifiers, and
at least some were likely to continue coding mesothe-
lioma as pleura cancer. We considered the use of two
corrective factors. First, we considered multiplication
by a correcting factor lower than 1 to correct the ICD9
period and, secondly, multiplication by a factor higher
than 1 in the period corresponding to ICD10. 

After consideration, we assumed that many mesothe-
lioma cases had pleura cancer listed as cause of death
in both the ICD9 and ICD10 periods. In addition, we
assumed that the lack of mesothelioma diagnostic cen-
ters equipped with immuno-histochemical diagnostic
methods have likely given rise to under-diagnosis. A
study conducted in the State of Rio de Janeiro by Pin-
heiro21 points out a probable underestimate in the total
cases diagnosed in the state. The model presented in
this study is simpler and ensures a better picture of the
disease in our population, while maintaining the
homogeneity and coherence of the data in view of the
fragility of our record system.

Further evidence that supports our assumptions
regarding mesothelioma deaths is the fact that the dis-
tribution of rates and the absolute number of deaths in
the period under study show a sudden decline after
deaths coded as pleura cancer are excluded, suggesting
a classification and coding problems. This decline
appears exactly at the transition period between the
two ICD classifications. We could not find any literature
concerning a relationship between this hypothetical

“decline” of deaths and mortality rates and a possible
reduction in the in the exposure to asbestos, that would
relate this “decline” to data regarding production, con-
sumption, importation of raw material, use patterns,
and technological changes into consideration. There-
fore, the increased mortality rate seems to be more
consistent with the natural history of the disease and
the history of exposure.

In this study, concentration of mesothelioma deaths
in the south and southeast, with a concentration in the
capitals of the states may be explained by the fact that
these are the regions with higher production and con-
sumption of asbestos. In addition, better health care
services and better quality diagnoses are available in
those regions. However, a high mortality rate is also
observed in the Federal Capital (Brasília), situated in the
Federal District and in Goiânia, capital of the state of
Goiás (Table 1). These areas are located near the only
official Brazilian asbestos mine, which has been operat-
ing since 1967. It may be that the deaths occurring in
both cities are related to the operation of this mine.

A fact that stands out in our findings is the similarity
in SMRs between men and women. This finding differs
from that in other countries, but may be due to one or
more factors. It may indicate heavy exposure in pre-
dominantly female work activities, such as the use of
asbestos in the textile industry,22 or the incorporation
of women’s labor in other asbestos industries. High
rates among women may also be due to the indirect
exposure of families to asbestos fibers brought home by
the workers on their clothing. This is explained by the
fact that in Brazil the measures for “controlled use,” for
example double dressing-rooms, were taken rather
late, in the early 1990s. One study on mesothelioma
mortality in Holland, 1969–1998, found a gender ratio
of 5:1 (male:female deaths), with an almost four-fold
mesothelioma mortality ratio among men over the
period studied, with no increase of the rates among
women. An Italian study using a questionnaire for
interviewing individuals suffering from mesothelioma
showed that 83% of the men identified a possible work
exposure, while only 15.7% of the women identified
some labor exposure.24 Among the women, 19.2%
referred to take-home labor exposure and 6.2% to
environmental exposure.

The majority of the studies indicate a higher rate of
mesothelioma in men, due to their more frequent
exposure in the labor environment.25 Magnani et al.,
however, have shown an increase of cases among
women.26 Results from Lemesch show an equal growth
tendency in male and female mesothelioma mortality
rates, but with no direct work exposure in women.27

Hillerdal found a high percentage of peritoneal
mesothelioma among women.28

Our study found that most cases occurred in people
over the age of 55, with 50% of the deaths in those over
65 years. This finding is similar to that of other studies.
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Segura et al. found that in the 50-54 age group the rate
was 14/106 persons/year, while in the 70–74 age group
the rate was 143/106 persons/year.23 Likewise, Neuman
et al. indicated that the mean age found was 63.6±9.9
(range: 26–89 years), with 33.3% between 50 and 60
years, and 53.8% above 60.17 For developing countries
where the quality of life tends to improve over time,
with a consequent increase of life expectancy, there will
also be a potential mortality increase by mesothelioma
in the higher age groups.

Our results reflect limitations due to the source of
data, and from the reasons given above. We probably
underestimate the total mesothelioma deaths in Brazil.
Nevertheless, our findings reflect labor and environ-
mental exposures in Brazil, and show an increase in
mortality between the years 1980 and 2003. The use of
asbestos in Brazil and worldwide is a public health
problem of great magnitude. Our report is further evi-
dence for the need for an immediate, global ban on
asbestos use. However, and even if this is done very
soon, treatment, compensation, surveillance and
follow-up of the victims of asbestos expsoure will be
required for at least 40 to 50 years into the future. 

Our special thanks to Ines Echenique Mattos, PhD from the Depart-
ment of Epidemiology and Quantitative Methods in Health at the
National Public Health School, Oswaldo Cruz Foundation, for her
careful reading and discussion of this manuscript.
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