
ailable at ScienceDirect

Safety and Health at Work 13 (2022) 302e307
Contents lists av
Safety and Health at Work

journal homepage: www.e-shaw.net
Original article
Analysis of Mortality from Asbestos-Related Diseases in Brazil Using
Multiple Health Information Systems, 1996e2017

Eduardo Algranti 1,*, Vilma S. Santana 2, Felipe Campos 2, Leonardo Salvi 2, Cézar A. Saito 1,
Franciana Cavalcante 2, Heleno R. Correa-Filho 3

1Directory of Applied Research, Fundacentro, Ministry of Labor and Social Welfare, Brazil
2 Institute of Collective Health, Federal University of Bahia, Brazil
3Department of Collective Health, School of Health Sciences, University of Brasilia, Brazil
a r t i c l e i n f o

Article history:
Received 28 December 2021
Received in revised form
12 April 2022
Accepted 29 April 2022
Available online 6 May 2022

Keywords:
Asbestos
Asbestosis
Mesothelioma
Occupational exposure
Pleural plaques
Eduardo Algranti: https://orcid.org/0000-0002-6
2724-1045; Leonardo Salvi: https://orcid.org/0000-
0000-0002-7876-1841; Heleno R. Correa-Filho: https
* Corresponding author. FUNDACENTRO, Rua Capot

E-mail address: eduardo.algranti@gmail.com (E. A

2093-7911/$ e see front matter � 2022 Occupational S
ND license (http://creativecommons.org/licenses/by-n
https://doi.org/10.1016/j.shaw.2022.04.006
a b s t r a c t

Background: In Brazil, asbestos was intensively used from the 1960s until its ban in 2017. Mesothelioma,
asbestosis, and pleural plaques are typical asbestos-related diseases (ARD-T). To create an ARD-T national
database, death records from 1996e2017 were retrieved from several health information systems (HIS).
Methods: All national HIS containing coded diagnoses (ICD-10) and death information were obtained.
Linkage was performed to create a single database of ARD-T death records, either as underlying or
contributory causes, in adults aged 30 years and older.
Results: A total of 3,057 ARD-T death records were found, 2,405 (76.4%) of which being malignant me-
sotheliomas (MM). Pleural MM (n ¼ 1,006; 41.8%) and unspecified MM (n ¼ 792; 32.9%) prevailed. Male
to female MM ratio (M:F) was 1.4:1, and higher ratios were found for non-malignant ARD-T: 3.5:1 for
asbestosis and 2.4:1 for pleural plaques. Male crude annual mesothelioma mortality (CMmm x1,000,000)
was 0.98 in 1996 and 2.26 in 2017, a 131.1% increment, while for females it was 1.04 and 1.25, a 20.2%
increase, correspondingly. The small number of deaths with asbestosis and pleural plaques records
precluded conclusive interpretations.
Conclusions: Even with the linkage of several HIS, ARD-T in death records remained in low numbers. MM
mortality in men was higher and showed a rapid increase and, along with non-malignant ARD-T, higher
M:F ratios suggested a predominant pattern of work-related exposure. The monitoring of workplace and
environmental asbestos exposure needs to be improved, as well as the workers surveillance, following
the recent Brazilian ban.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Malignant mesothelioma (MM), along with two other non-
malignant respiratory illnesses, asbestosis and pleural plaques,
diseases typically related to asbestos-related diseases exposure
(ARD-T) [1]. Mainly because efficient exposure control is unfeasible,
a worldwide asbestos ban has been recommended [2]. Currently,
under effect in 67 countries [3], it was adopted in Brazil only in
2017. MM is a rare lethal cancer known for the long latency be-
tween the beginning of exposure and the occurrence of the disease
[4], although this period can be shorter when the asbestos
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concentration reaches 100 f/mL year or more [5]. An immediate full
asbestos elimination is unplausible, given its physical properties
and its global scale usage [6]. In addition, new cases of ARD-T and
other asbestos-related illnesses will continue to appear long after
occupational exposure cessation, as a result from environmental
contamination, long latency, and irreversible past exposure status.

In Brazil, despite the growth of workers’ health care in the na-
tional public health system (SUS), media attention, and the
increased awareness of the hazardous effect of asbestos on health,
the number of notified or registered ARD-T cases in health infor-
mation systems (HIS) remains far below estimates from other
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asbestos consumer countries. Asbestos is the major global work-
related carcinogen, responsible for the largest number of recor-
ded work-related cancers [7]. Therefore, many countries have
created national or regional MM registries following well-defined
protocols, usually fed by multiple information systems [8]. The
National Registry of Mesotheliomas in Italy (ReNaM) launched in
2002, at the end of 2016 contained 27,356 case records of MM,
mostly from pleura (93.0%), either among men (94.1%) or women
(90.3%). Overall, male deaths prevailed (71.7%), particularly among
elderly individuals over 65 years of age (71.9%), but there were no
significant sex differences across age groups [9]. In the USA, from
1999 to 2015, mesothelioma was recorded as the underlying cause
of death in 93.9% out of 45,221 death certificates with MM records.
Consistently with other study findings, death cases were likely to
be males (79.8%), aged 64 years or older (80.4%), and to have a
diagnosis of MM unspecified (77.5%), while pleural MM accounted
for only 7.4% of records [10]. From 1994 to 2008, worldwide MM
deaths summed 92,253 records mainly unspecified MM (43.1%),
followed by pleural (41.3%) and peritoneal MM (4.5%) [11].

The non-malignant ARD-T group comprises, among other ill-
nesses, asbestosis, a pulmonary interstitial fibrosis associated with
high exposure levels [12] and pleural thickening. Pleural plaques
are the most common non-malignant ARD that are characterized
by the thickening of the parietal pleura; they are an exceptional
cause of death, whereas diffuse thickening can rarely be associated
with ventilatory impairment and respiratory failure [13]. Pleural
thickening may occur with exposures of varying intensity [14].

In Brazil, the small number of recorded ARD in vital statistics
and its work-relatedness and the few studies addressing the subject
limit the understanding of the burden of diseases caused by
asbestos. Based on death certificates from 1996 to 2010, 976 MM
records were found, mostly classified as “other anatomic places”
(43%), followed by those from pleura (35.1%), showing a male to
female ratio (M:F) of 1.4 while the number of deaths increased from
44 in 1996 to 85 in 2010 [15]. Considering another reference period,
2000 to 2012, a study reported 929 MM as the underlying cause of
death and an increasing mortality rate in the state of São Paulo [16].
Both studies make the case of potential underdiagnosis and/or
underreporting, given the small number of deaths. Mortality data
from non-malignant ARDs are also scarce in Brazil. From a cohort of
Brazilian former asbestos-cement workers, a nine-fold increase in
SMR for asbestosis was estimated [17]. An ecological study in Bra-
zilian municipalities with high asbestos consumption showed
increased standardized risk ratios for deaths with records of
asbestosis and pleural plaques in men and for asbestosis in women
when compared to all others [18].

More recently, our group showed a mean 33% increase in MM
death records originally found in the mortality information system
(SIM) from 2008 until 2014, by linking the SIM to other HIS [19].

These supposedly small numbers were the drivers that led to the
Interdisciplinary Project on Occupational Exposure to Asbestos and
Health Effects in Brazil. Starting in 2015, it aimed at investigating
the burden of ARD-T with the use of data from multiple HIS. The
objective of this study was to collect every coded ARD-T in death
records in all available HIS, irrespective of being the underlying or
the contributory cause, from adults aged 30 years or older between
1996 and 2017.

2. Methods

2.1. Data sources and ARD-T database

The five HIS used in the study were as follows: SIM; Hospital
Information System of the Unified Health System (SIH-SUS); the
Hospital and Outpatient Information Communication System of the
private sector (CIH and CIHA); the Hospital Cancer Registry of the
National Cancer Institute (INCA); and the Notifiable Diseases In-
formation System (SINAN), which gathers data on work-related
pneumoconiosis and cancer since 2007. In addition, data from a
repository of ARD cases from three specialized outpatient occupa-
tional respiratory diseases units e FUNDACENTRO, InCor/USP, and
the Center for Occupational Health and Human Ecology Studies
(CESTEH/FIOCRUZ) e were included. Except from the ARD re-
pository, all databases were anonymous.

Completeness and consistency of recorded data were checked,
and corrections or imputations were made when applicable. Vari-
able formats and operational definitions were standardized. Since
the five databases were anonymous and there was no common
identifier, a probabilistic linkage technique was used. Detailed in-
formation can be found elsewhere [19]. This strategy was previ-
ously tested and presented feasibility and good performance for
mesothelioma [20] and cancer of the larynx [21].

Descriptive variables were ICD-10 codes, sex, age ranges (30 to
50, 51 to 64, and over 64 years), skin color/ethnicity (white, black,
brown, Asian, and Indigenous), and schooling (incomplete or
complete primary school, secondary school, and incomplete or
complete higher education). Absolute and relative frequencies of
each variable by diagnosis and sex were estimated. Sex differences
were measured using M:F ratio of the death numbers. When
multiple ARD-T diagnoses were assigned to the same individual,
one was selected for analysis, considering the most common, or in
case of distinct ICD codes, the following order was adopted: C45x,
J61, and J92.0. When pleural plaques were recorded with only
three-digit (J92) it was assumed as J92.0.

Annual crude mesothelioma mortality x 1,000,000 inhabitants
(CMMM x 1,000,000) was estimated for males and females, as well
as the relative proportionate change over time. Resident-
population projected estimates were drawn from the official
country institute [22]. No statistical tests were applicable given the
descriptive study purpose and the use of the total population.

2.2. Ethical aspects

The study protocol was registered in the National Council of
Research Ethics, CONEP, and approved by the Research Ethics
Committee of the Institute of Collective Health of the Federal Uni-
versity of Bahia - CAAE 36547514 9 0000 5030, Addendum No. 962
145 and 1 761 856.

3. Results

Records from all data sources were retrieved and linked. There
were 3,057 deaths with ARD-T records either as underlying or
contributory cause, mostly MM (n ¼ 2,405; 76.4%), in a lower
proportion for males (n ¼ 1,404; 72.1%) compared to female
(n ¼ 1,001; 83.4%). Approximately three quarters of all MM deaths
were coded as C45.0 pleural (n ¼ 1,006/2,405; 41.8%) or C45.9
unspecified (n ¼ 792/2,405; 32.9%). Non-malignant ARD-T deaths
(n ¼ 652) comprised records of asbestosis and pleural plaques
mainly in males (n ¼ 488; 74.8%). The number of male deaths
exceeded the number of female deaths for ARD-T, an M:F average of
1.62:1, being 1.4:1 for MM and higher for asbestosis (M:F ¼ 3.5:1)
and pleural plaques (M:F ¼ 2.4:1). Table 1 shows the results.

Table 2 shows that MM male deaths were likely to occur in the
oldest age group 64 years or older (46.3%), except for MM of the
pericardium, which was more prevalent in the 51e64 age group
(41.4%). Among men, prevailed those with white skin color (70.4%)
and complete or incomplete higher education (57.1%). Table 3
shows that women MM deaths had a similar distribution, except
for a higher percentage of peritoneal MM (22.9%) compared with



Table 1
Typical asbestos-related diseases (ARD-T) death records coded with ICD 10th revisions by specific diagnoses. Brazil, 1996e2017

Typical asbestos-related diseases (ARD-T) Total Men Women Male:Female ratio

n % n % n %

All ARD-T 3,057 100.0 1,892 61.9 1.165 38.1 1.62

All malignant (mesothelioma) 2,405 78.7 1.404 72.1 1.001 83.4 1.40
C45.0 Pleura 1,006 41.8 626 44.6 380 38.0 1.65
C45.1 Peritoneum 415 17.3 186 13.2 229 22.9 0.81
C45.2 Pericardium 42 1.7 29 2.1 13 1.3 2.23
C45.7 Others 150 6.2 87 6.2 63 6.3 1.38
C45.9 Unspecified 792 32.9 476 33.9 316 31.6 1.51

All non-malignant 652 21.3 488 27.9 164 16.6 2,98
J61 Asbestosis 372 57.1 290 59.4 82 50.0 3,54
J92.0 Pleural plaques* 280 42.9 198 40.6 82 50.0 2,41

Sources: SIM, SIH-SUS, SINAN, CIHA, INCA, outpatient clinics specialized in respiratory.
* J92.0 ¼ 208 and J92 ¼ 72.
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males (13.2%). No other major differences were found. Missing data
on schooling were common for males and females.

Table 4 shows that regardless of the non-malignant specific
diagnosis, deaths were more likely to occur in the oldest group and
whites, and in contrast with MM deaths, schooling levels were
lower for both sexes.

Overall, the crude annual mesothelioma mortality varied from
0.94 � 1,000,000 inhabitants in 1996 to 1.82 � 1.000,000 in 2017, a
93.6% growth in 22 years, with a yearly average increase of 4.4%.
Figure 1 shows that among men, MM mortality varied from 0.98 to
2.26� 1,000,000, with a peak of 2.82� 1,000,000 in 2011. The male
risk to die of MM increased 130.6%, a yearly average of 6.2%. For
females, from an estimated 1.04�1,000,000 in 1996 to 1.25 in 2017,
a growing trend was also observed, with an overall increment of
20.2%, averaging 1.0% yearly. Mortality estimates for asbestosis and
pleural plaques were too small and many zero cells precluded firm
conclusions.

4. Discussion

Over a period of 22 years (1996e2017), a total of 3,057 deaths
with ARD-T records were found, most caused by malignant dis-
eases. The analysis was restricted to 1996 onward because of better
distinctions in the ICD-10 coding taxonomy compared to the pre-
vious ICD-9 version, with specific mention and anatomic sites for
MM and the inclusion of pleural plaques. Overall and in each sex,
MM of the pleura or MM unspecified were the most common.
Table 2
Malignant mesothelioma deaths according to anatomical sites and sociodemographic ch

Variables Malignant mes

Pleura n (%) Peritoneum n (%) Pericar

Total 626 (44.6) 186 (13.2) 29

Age range (years)
30e50 106 (16.9) 43 (23.1) 7
51e64 220 (35.1) 64 (34.4) 12
>64 300 (47.9) 79 (42.5) 10

Skin color/ethnicity * 553 (100.0) 155 (100.0) 14
White 392 (70.9) 101 (65.2) 7
Black 28 (5.1) 5 (3.2) 1
Brown 73 (13.2) 29 (18.7) 3
Asian 19 (3.4) 6 (3.9) 2
Indigenous 41 (7.4) 14 (9.0) 1

Schooling** 316 (100.0) 89 (100.0) 7
Primary incomplete 9 (2.8) 7 (7.9) 0
Primary complete 46 (14.6) 7 (7.9) 1
Secondary 78 (24.7) 24 (27.0) 2
Higher incomplete 99 (31.3) 32 (35.9) 2
Higher complete 84 (26.6) 19 (21.3) 2

Sources: SIM, SIH-SUS, SINAN, CIHA, INCA, specialized outpatient clinics in respiratory w
* Skin color/Ethnicity- 212 missing data.

** Schooling - 704 missing data.
Peritoneal MM was more prevalent in females, and non-malignant
diseases, asbestosis, and pleural plaques prevailed in males. The
sociodemographic distribution pattern across specific diagnoses
showed the predominance of the oldest age group and whites.
Higher levels of schooling prevailed in MM cases in both sexes, but
not in the non-malignant ARD-T cases. The crude annual meso-
thelioma mortality was on the rise, faster for men, presenting a 6%
annual average increase, while it was less than 1% among women.
There were highs and lows demonstrating uneven case assessment
and/or detection along the observation time.

In Brazil, the use of asbestos began in the mid-1930s, growing
exponentially from the late 1960s and reaching a peak of con-
sumption from 1985 to 1991 [16], until its ban in 2017. This study
advances knowledge by retrieving data from five HIS and from a
clinical repository containing data from specialized outpatient
clinics, covering periods that not always overlapped, but contrib-
uting to overcome underreporting, at least partially. Based on death
certificates only, Pedra et al. (2014) [15] reported 976 MM records
from 1996 to 2010 in Brazilians aged 15 years and older. However,
in the same period, we retrieved 1,833 deaths with records of MM,
an 87% increment, in spite of a more stringent age range of 30 years
or older. This increased number resulted from the use of ICD-10
codes of all contributing or secondary causes of death registered
or comorbidities requiring treatment eligible for reimbursement
once recorded in the hospital admission information systems.
Indeed, the public hospital-based HIS (SIH-SUS) was the second-
largest source of MM records, while for asbestosis and pleural
aracteristics in men 30 years of age or more. Brazil, 1996e2017

othelioma (ICD-10) Total n (%)

dium n (%) Others n (%) Unspecified n (%)

(2.1) 87 (6.2) 476 (33.9) 1,404 (100.0)

(24.1) 16 (18.4) 93 (19.5) 265 (18.9)
(41.4) 28 (32.2) 165 (34.7) 489 (34.8)
(34.5) 43 (49.4) 218 (45.8) 650 (46.3)

(100.0) 73 (100.0) 397 (100.0) 1,192 (100.0)
(50.0) 55 (75.3) 284 (71.5) 839 (70.5)
(7.1) 4 (5.5) 28 (7.1) 66 (5.5)
(21.4) 6 (8.2) 75 (18.9) 186 (15.6)
(14.3) 5 (6.8) 9 (2.3) 41 (3.4)
(7.1) 3 (4.1) 1 (0.2) 60 (5.0)

(100.0) 42 (100.0) 246 (100.0) 700 (100.0)
(—) 2 (4.8) 5 (2.0) 23 (3.3)
(14.2) 4 (9.5) 25 (10.2) 83 (11.9)
(28.6) 11 (26.2) 79 (32.1) 194 (27.7)
(28.6) 12 (28.5) 58 (23.6) 203 (29.0)
(28.6) 13 (31.0) 79 (32.1) 197 (28.1)

orker health.



Table 3
Malignant mesothelioma deaths according to anatomical sites and sociodemographic characteristics in women 30 years of age or more. Brazil, 1996e2017

Variables Malignant mesothelioma (ICD-10) Total n (%)

Pleura n (%) Peritoneum n (%) Pericardium n (%) Others n (%) Unspecified n (%)

Total 380 (37.9) 229 (22.9) 13 (1.3) 63 (6.3) 316 (31.6) 1,001 (100.0)

Age range (years)
30e50 70 (18.4) 28 (12.2) 5 (38.5) 14 (22.2) 52 (16.5) 169 (16.9)
51e64 128 (33.7) 58 (25.3) 5 (38.5) 17 (27.0) 96 (30.4) 304 (30.4)
>64 182 (47.9) 143 (62.4) 3 (23.1) 32 (50.8) 168 (53.2) 528 (52.7)

Skin color/ethnicity * 307 (100.0) 187 (100.0) 5 (100.0) 51 (100.0) 255 (100.0) 805 (100.0)
White 215 (70.0) 130 (69.6) 3 (60.0) 40 (78.4) 181 (71.0) 569 (70.7)
Black 12 (3.9) 10 (5.3) 0 (—) 1 (2.0) 15 (5.9) 38 (4.7)
Brown 40 (13.0) 27 (14.4) 0 (—) 7 (13.7) 50 (19.6) 124 (15.4)
Asian 14 (4.6) 9 (4.8) 2 (40.0) 3 (5.9) 8 (3.1) 36 (4.5)
Indigenous 26 (8.5) 11 (5.9) 0 (—) 0 (—) 1 (0.4) 38 (4.7)

Schooling** 173 (100.0) 114 (100.0) 1 (100.0) 21 (100.0) 160 (100.0) 469 (100.0)
Primary incomplete 6 (3.5) 1 (0.9) 0 (—) 0 (—) 5 (3.1) 12 (2.6)
Primary complete 24 (13.9) 16 (14.0) 0 (—) 3 (14.3) 27 (16.9) 70 (14.9)
Secondary 55 (31.8) 42 (36.8) 1 (100.0) 8 (38.1) 53 (33.2) 159 (33.9)
Higher incomplete 47 (27.2) 35 (30.7) 0 (—) 8 (38.1) 41 (25.6) 131 (27.9)
Higher complete 41 (23.7) 20 (17.5) 0 (—) 2 (9.5) 34 (21.2) 97 (20.7)

Sources: SIM, SIH-SUS, SINAN, CIHA, INCA, specialized outpatient clinics in respiratory worker health.
* Skin color/ethnicity - 196 missing data.

** Schooling- 532 missing data.
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plaques, the repository from the three specialized clinics was the
second [19].

Underdiagnosis and underreporting lead to underestimation of
health outcomes [23]. The use of multiple data sources is one of the
tools to reduce underestimation. Linkage computer-based re-
sources are easily available have a good performance and can be the
seed to set up national ARD-T registers. Recently, Gerwen et al.
(2019) [8] presented a review of national mesothelioma registries
from several countries. These systems are usually based on real-
time case capture and have already been implemented in several
European countries, such as Italy, Belgium, France, Germany, En-
gland, and Scandinavian countries, in addition to South Africa,
Turkey, and Australia. The main challenges to these national me-
sothelioma information systems are the need to ensure accurate
standardized diagnosis procedures, in addition to detailed occu-
pational history which will enable to establish the causal work-
relatedness, required to legal indemnities and compensation
benefits.

Worldwide, an estimate of 232,000 deaths from typical and
other asbestos-related diseases was reported for the year 2017 [24],
Table 4
Asbestosis and pleural plaques death records, 30 years of age and more, according to soc

Variables Men

Asbestosis n (%) Pleural
plaques n (%)

Total
n (%)

Asbestosis

Total 290 (59.4) 198 (40.6) 488 (100.0) 82 (50.

Age range (years)
30e50 16 (5.5) 24 (12.1) 40 (8.2) 10 (12.
51e64 77 (26.6) 71 (35.9) 148 (30.3) 19 (23.
>64 197 (67.9) 103 (52.0) 300 (61.5) 53 (64.

Skin color/ethnicity* 206 (68.2) 96 (31.8) 302 (100.0) 60 (48.
White 128 (62.1) 58 (60.4) 186 (61.6) 32 (53.
Black 17 (8.3) 8 (8.3) 25 (8.3) 3 (5.0
Brown 56 (27.2) 30 (31.3) 86 (28.5) 22 (36.
Asian 5 (2.4) 0 (—) 5 (1.7) 3 (5.0
Indigenous 0 (—) 0 (—) 0 (—) 0 (—)

Schooling** 143 (72.9) 53 (27.1) 196 (100.0) 41 (64.
Primary incomplete 2 (1.4) 0 (—) 2 (1.0) 0 (—)
Primary complete 17 (11.9) 9 (17.0) 26 (13.3) 10 (24.
Secondary 70 (48.9) 25 (47.2) 95 (48.5) 13 (31.
Higher incomplete 39 (27.3) 12 (22.6) 51 (26.0) 10 (24.
Higher complete 15 (10.5) 7 (13.2) 22 (11.2) 8 (19.

Sources: SIM, SIH-SUS, SINAN, CIHA, INCA, specialized outpatient clinics in respiratory w
* Skin color/ethnicity - 227 missing data.

** Schooling - 381 missing data.
being 27,000 MM and 3,000 asbestosis deaths. In a more recent
GBD analysis on occupational carcinogens, asbestos had the
greatest population impact, causing 62.3% of all work-related can-
cer deaths [7]. Lung cancer showed the greatest number of
asbestos-related cancer deaths, revealing its importance even
though mesothelioma is the most studied because of its largest
asbestos attributable fraction [7].

Male deaths predominated, particularly in the non-malignant
disease group. Global studies of MM revealed an M:F ratio of 3.6
[11]. Nevertheless, our findings demonstrated an M:F ratio of 1.40
for MM and 2.98 for non-malignant ARD-T. Commonly, occupa-
tional asbestos exposure prevails among men because asbestos
mining and manufacturing industries are mainly male jobs, while
women predominate in the textile industry. In Brazil, D’Acri et al.
(2003) [25] reported a higher number of asbestosis cases in females
working in a textile factory located in the state of Rio de Janeiro in
the early 2000s. In contrast, our national database showed the
largest M:F for asbestosis: 3.54. Women MM deaths are likely to be
associated with environmental exposure compared to men [26].
Environmental asbestos exposure may occur when washing
iodemographic characteristics. Brazil, 1996e2017

Women All

n (%) Pleural
plaques n (%)

Total n (%) Asbestosis
n (%)

Pleural
plaques n (%)

Total n (%)

0) 82 (50.0) 164 (100.0) 372 (57.0) 280 (53.0) 652 (100.0)

2) 13 (15.9) 23 (14.0) 26 (7.0) 37 (13.2) 63 (9.7)
2) 8 (9.8) 27 (16.5) 96 (25.8) 79 (28.2) 175 (26.8)
6) 61 (74.4) 114 (69.5) 250 (67.2) 164 (58.6) 414 (63.5)

7) 63 (51.3) 123 (100.0) 266 (62.5) 159 (37.5) 425 (100.0)
3) 42 (66.7) 74 (60.2) 160 (60.2) 100 (62.9) 260 (61.2)
) 5 (7.9) 8 (6.5) 20 (7.5) 13 (8.2) 33 (7.8)
7) 15 (23.8) 37 (30.1) 78 (29.3) 45 (28.3) 123 (28.9)
) 1 (1.6) 4 (3.3) 8 (3.0) 1 (0.6) 9 (2.1)

0 (—) 0 (—) 0 (—) 0 (—) 0 (—)

0) 34 (36.0) 75 (100.0) 184 (67.8) 87 (32.2) 271 (100.0)
0 (—) 0 (—) 2 (1.1) 0 (—) 2 (0.7)

4) 4 (11.8) 14 (18.7) 27 (14.7) 13 (14.9) 40 (14.8)
7) 16 (47.1) 29 (38.7) 83 (45.1) 41 (47.1) 124 (45.8)
4) 8 (23.5) 18 (24.0) 49 (26.6) 20 (23.0) 69 (25.5)
5) 6 (17.6) 14 (18.7) 23 (12.5) 13 (14.9) 36 (13.3)

orker health.



Fig. 1. Crude annual mesothelioma mortality (x1000 000), 30 or more years of age for
men and women. Brazil, 1996e2017.
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asbestos workers’ clothing, living with an asbestos worker, living
close to factory or mining emissions, during asbestos trans-
portation, at nearby demolition sites or waste deposits [27].

Women had more records of peritoneal MM (22.9%) than men
(13.2%). In the Italian registry, peritoneal localization occurred in
9.4% of female cases and in 5.3% of male cases [9]. It is possible that
the highest percentage of peritoneal MM in women resulted from
misdiagnosed cases of ovarian cancer, which is a more frequent
cancer that is also associated with asbestos exposure. Differential
diagnosis between these two conditions may be challenging [28].

Our crude yearly MM mortality estimate increased consistently
from 1996 through 2017, mainly in men. Because of the high
asbestos consumption in the last 50 years and the long latency
period of the ARD, the number of ARD deaths or ARD-T
specifically was expected to grow over the last two decades and,
further, similarly to other countries with earlier asbestos ban
[4,16,29]. In spite of a global increment in MM death numbers, from
15,206 in 1990 to 27,612 in 2016, a modest 4% increase was esti-
mated in global MM deaths per 100,000 persons e from 1.0 (95%
uncertainty interval (UI): 0.9e1.2) in 1990 to 1.1 (95% UI: 1.0e1.1) in
2016 [7]. In contrast, our results show a consistent growth in both
the absolute number of deaths and the annual mortality estimates.

In our study, 652 non-malignant ARD-T death records were
retrieved. The proportional contribution of asbestosis was 57% and
non-malignant ARD-T comprised 21.3% of all the analyzed cases.
The ICD-10 coding does not provide a distinction of pleural thick-
ening. We did not have the chance of confronting death records
with clinical notes in individual cases. Also, registration errors
could not the checked.

Deaths due to ARD-T were more likely to occur among the
elderly, with 46.3% of MM records referring to males aged 64 years
or more and 52.7% referring to females in the same age group. MM
of the pericardium prevailed in younger ages among males and
females, but the small numbers limited interpretation. Females
with non-malignant ARD-T tended to die at older ages compared to
males (Table 4). Likewise, in Italy, women who died of asbestosis
were older than men [30]. Most individuals whose deaths were
MM deaths were reported as having white skin color and higher
educational level in comparison with those with non-malignant
ARD-T. However, there were too many missing data and conclu-
sions may be compromised.

This study used mostly secondary data from several sources.
Apart from the repository, where clinical data were available, di-
agnoses were based only on the HIS records and their accuracy
could not be checked. A recent study that checked asbestos-related
malignancies recorded in hospital admission forms compared to a
hospital-based cancer registry showed that rare diagnoses in the
SIH-SUS database, such as MM or cancer of the pleura, had low
accuracy [31]. As it was a collection of secondary data without
previous planning, there were many missing data related to soci-
odemographic variables, precluding firm conclusions.

Despite the advances, like the use of computational interoper-
ability to increase the number of identified cases and the
improvement in the quality of the data records, it is implausible
that the total number of ARD-T was recovered because it represents
only the cases whose diagnosis was recognized and registered.
Based on time trends observed after the asbestos ban in other
countries, the number of ARD-T deaths is expected to grow in the
next decades. Future research on the diagnoses reporting quality
and accuracy, as well as other data required for computational
interoperability between various systems, should contribute to a
better estimate of the burden of ARD-T.

Authors’ contributions

Eduardo Algranti - conception, design, analysis, literature re-
view, and writing. He gave a final approval and agreed to be
accountable to all aspects of the manuscript.

Vilma Sousa Santana e conception, design, analysis, literature
review, and writing. She gave a final approval and agreed to be
accountable to all aspects of the manuscript.

Felipe Campos e database management, analysis, interpreta-
tion of data, findings, and writing. He gave a final approval and
agreed to be accountable to all aspects of the manuscript.

Leonardo Salvi - database management, analysis, and inter-
pretation of data. He gave a final approval and agreed to be
accountable to all aspects of the manuscript.

Cézar Akyioshi Saito - database management, analysis, and
interpretation of data. He gave a final approval and agreed to be
accountable to all aspects of the manuscript.

Franciana Cavalcante - database management, analysis, inter-
pretation of data, and literature review. She gave a final approval
and agreed to be accountable to the manuscript all aspects of the
manuscript.

Heleno Correa-Filho e review and results checking, developed
interpretations well-grounded in the theoretical framework, and
published findings from the literature review. He gave a final
approval and agreed to be accountable to themanuscript all aspects
of the manuscript.

Funding

Research funded by the Prosecutor Labor Ministry, Campinas
Office, São Paulo, (CODIN No. 45672/2014). Santana VS was awar-
ded a National Council for Scientific and Technology Development
(CNPq), Brazil, research grant Proc. 306,708/2019-1.

Internal review board for ethics in research approval and
informed consent

This work was performed at the Federal University of Bahia,
Salvador, BA, Brazil and FUNDACENTRO, São Paulo, SP, Brazil. This
study protocol was registered at the National Ethics in Research
Commission, CONEP, and approved by a Ethics Committee CAAE
36547514 9 0000 5030, Reviews no. 962 145 and 1 761 856.

Disclaimer

The views and conclusions in this article are solely those of the
authors.



E. Algranti et al / Asbestos-related diseases mortality in Brazil 307
Conflicts of interest

The authors have no conflicts of interest to declare.
Acknowledgments

To the National Institute of Cancer, which made available the
SisRHC database.
References

[1] Wolff H, Vehmas T, Oksa P, Rantanen J, Vainio H. Asbestos, asbestosis, and
cancer, the Helsinki criteria for diagnosis and attribution 2014: recommen-
dations. Scand J Work Environ Health 2015;41(1):5e15. https://doi.org/
10.5271/sjweh.3462.

[2] LaDou J, Castleman B, Frank A, Gochfeld M, Greenberg M, Huff J, Joshi TK,
Landrigan PJ, Lemen R, Myers J, Soffritti M, Soskolne CL, Takahashi K,
Teitelbaum D, Terracini B, Watterson A. The case for a global ban on asbestos.
Environ Health Perspect 2010 Jul;118(7):897e901. https://doi.org/10.1289/
ehp.1002285. Epub 2010 Jun 8.

[3] International Ban Asbestos Secretariat. Current asbestos bans 2019 [accessed
2021 Nov 16]. Available online: http://www.ibasecretariat.org/alpha_ban_list.
php.

[4] Alpert N, van Gerwen M, Taioli E. Epidemiology of mesothelioma in the 21st

century in Europe and the United States, 40 years after restricted/banned
asbestos use. Transl Lung Cancer Res 2020 Feb;9(Suppl. 1):S28e38. https://
doi.org/10.21037/tlcr.2019.11.11. PMID: 32206568; PMCID: PMC7082259.

[5] Jamrozik E, de Klerk N, Musk AW. Asbestos-related disease. Intern Med J 2011
May;41(5):372e80. https://doi.org/10.1111/j.1445-5994.2011.02451.x.

[6] Arachi D, Soeberg M, Chimed-Ochir O, Lin RT, Takahashi K. Trend in the global
incidence of mesothelioma: is there any changing trend after asbestos regu-
lation and ban?. In: Malignant pleural mesothelioma. Singapore: Springer;
2021. p. 3e13.

[7] GBD 2016 Occupational Carcinogens Collaborators. Global and regional
burden of cancer in 2016 arising from occupational exposure to selected
carcinogens: a systematic analysis for the Global Burden of Disease Study
2016 GBD 2016 Occupational Carcinogens Collaborators. Occup Environ Med
2020;77:151e9.

[8] Gerwen Mv, Alpert N, Flores R, Taioli E. An overview of existing mesothelioma
registries worldwide, and the need for a US Registry. Am J Ind Med 2019;1e6
doi.org/10.1002/ajim.23069.

[9] Marinaccio A, Binazzi A, Bonafede M, Di Marzio D, Scarselli A, Centres RO.
Epidemiology of malignant mesothelioma in Italy: surveillance systems, ter-
ritorial clusters and occupations involved. J Thorac Dis 2018;10(Suppl. 2):
S221e7. https://doi.org/10.21037/jtd.2017.12.146.

[10] Mazureck JM, Syamlal G, Wood JM, Hendricks SA, Weston A. Malignant me-
sothelioma mortality e United States 1999-2015. Morbidity Mortality Weekly
Rep MMWR 2017 March 3;66(9):214e9. https://doi.org/10.15585/
mmwr.mm6608a3.

[11] Delgermaa V, Takahashi K, Park EK, Le GV, Hara T, Sorahan T. Global meso-
thelioma deaths reported to the world health organization between 1994 and
2008. Bull World Health Organ 2011;89(10):716e24. https://doi.org/10.2471/
BLT.11.086678. 24A-724.

[12] Algranti E, Markowitz S. Asbestosis. In: Newman-Taylor A, Cullinan P, Blanc P,
Pickering A, editors. Occupational lung disorder. Boca Raton, FL: CRC Press;
2017. p. 157e70.

[13] Miller A, Black CB, Loewen G, Noonan CW, McNew T, Whitehouse AC,
Frank AL. Case-fatality study of workers and residents with radiographic
asbestos disease in Libby, Montana. Am J Ind Med 2022 Mar;65(3):196e202.
https://doi.org/10.1002/ajim.23320.
[14] Maxim D, Niebo R, Utell M. Are pleural plaques an appropriate endpoint for
risk analyses? Inhal Toxicol 2015;27(7):321e34. https://doi.org/10.3109/
08958378.2015.1051640.

[15] Pedra F, Silva PO, Mattos I, Castro H. Mortality by mesothelioma in Brazil,
1980-2010. Braz J Cancerology 2014;60(3):199e206.

[16] Algranti E, Saito CA, Carneiro AP, Moreira B, Mendonça EM, Bussacos MA. The
next mesothelioma wave: mortality trends and forecast to 2030 in Brazil.
Cancer Epidemiol 2015;39(5):687e92. https://doi.org/10.1016/
j.canep.2015.08.007.

[17] Fernandes GA, Algranti E, Wunsch-Filho V, Silva LF, Toporcov TN. Causes of
death in former asbestos-cement workers in the state of São Paulo, Brazil. Am
J Ind Med 2021 Nov;64(11):952e9. https://doi.org/10.1002/ajim.23279.

[18] Saito CA, Bussacos MA, Salvi L, Mensi C, Consonni D, Fernandes FT, Campos F,
Cavalcante F, Algranti E. Sex-specific mortality from asbestos-related diseases,
lung and ovarian cancer in municipalities with high asbestos consumption,
Brazil, 2000e2017. Int J Environ Res Public Health 2022;19:3656. https://
doi.org/10.3390/ijerph19063656.

[19] Santana VS, Algranti E, Campos F, Cavalcante F, Salvi L. Underreporting of
mesothelioma, asbestosis and pleural plaques deaths in Brazil. Occup Med
2021 Aug 20;71(4e5):223e30. https://doi.org/10.1093/occmed/kqab073.

[20] Santana VS, Algranti E, Campos F, Cavalcante F, Salvi L, Santos SA, et al.
Recovering missing mesothelioma deaths in death certificates using hospital
records. Am J Ind Med 2018;61(7):547e55. https://doi.org/10.1002/
ajim.22846.

[21] Fernandes FT, Silva DRME, Campos F, Santana VS, Cuani L, Curado MP, Salvi L,
Algranti E. Recovering records on cancer of the larynx from anonymous health
information databases. Rev Bras Epidemiol 2021 Apr 2;24:e210011. https://
doi.org/10.1590/1980-549720210011.

[22] Available from: http://tabnet.datasus.gov.br/cgi/deftohtm.exe?popsvs/cnv/
popbr.def, Accessed August 1,2021.

[23] Gibbons CL, Mangen MJ, Plass D, Havelaar AH, Brooke RJ, Kramarz P,
Peterson KL, Stuurman AL, Cassini A, Fèvre EM, Mirjam EE, Kretzschmar MEE.
Measuring underreporting and under-ascertainment in infectious disease
datasets: a comparison of methods. BMC Public Health 2014;14:147. https://
doi.org/10.1186/1471-2458-14-147.

[24] GBD 2017. Risk, Factor, Collaborators. Global, regional, and national compar-
ative risk assessment of 84 behavioural, environmental and occupational, and
metabolic risks or clusters of risks for 195 countries and territories, 1990-
2017: a systematic analysis for the Global Burden of Disease Study 2017.
Lancet 2018;392:1923e94.

[25] D’Acri V. Trabalho e saúde na indústria têxtil de amianto. São Paulo Em Per-
spectiva 2003;17(2):13e22. https://doi.org/10.1590/S0102-
88392003000200003.

[26] Lacourt A, Gramond C, Rolland P, Ducamp S, Audignon S, Astoul P, et al.
Occupational and non-occupational attributable risk of asbestos exposure for
malignant pleural mesothelioma. Thorax 2014;69(6):532e9.

[27] Ferrante D, Mirabelli D, Tunesi S, Terracini B, Magnani C. Pleural mesotheli-
oma and occupational and non-occupational asbestos exposure: a case-
control study with quantitative risk assessment. Occup Environ Med
2016;73(3):147e53.

[28] Slomovitz B, De Haydu C, Taub M, Coleman RL, Monk BJ. Asbestos and ovarian
cancer: examining the historical evidence. Int JGynecol Cancer 2021;31(1):
122e8.

[29] Kauppinen T, Uuksulainen S, Saalo A, Mäkinen I. Trends of occupational
exposure to chemical agents in Finland in 1950-2020. Ann Occup Hyg 2013
Jun;57(5):593e609. https://doi.org/10.1093/annhyg/mes090. Epub 2012 Dec
10. PMID: 23230130.

[30] Girardi P, Merler E, Ferrante D, et al. Factors affecting asbestosis mortality
among asbestos-cement workers in Italy. Ann Work Exposures Health 2020:
1e14. https://doi.org/10.1093/annweh/vxaa037.

[31] Silva DRME, Luizaga CTM, Toporcov TN, Algranti E. Agreement and validity of
asbestos-related cancers in the hospital information system of the Brazilian
Unified Health System. Rev Bras Epidemiol 2021 Aug 13;24:e210044. https://
doi.org/10.1590/1980-549720210044. eCollection 2021.

https://doi.org/10.5271/sjweh.3462
https://doi.org/10.5271/sjweh.3462
https://doi.org/10.1289/ehp.1002285
https://doi.org/10.1289/ehp.1002285
http://www.ibasecretariat.org/alpha_ban_list.php
http://www.ibasecretariat.org/alpha_ban_list.php
https://doi.org/10.21037/tlcr.2019.11.11
https://doi.org/10.21037/tlcr.2019.11.11
https://doi.org/10.1111/j.1445-5994.2011.02451.x
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref6
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref6
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref6
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref6
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref6
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref7
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref7
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref7
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref7
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref7
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref7
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref8
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref8
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref8
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref8
https://doi.org/10.21037/jtd.2017.12.146
https://doi.org/10.15585/mmwr.mm6608a3
https://doi.org/10.15585/mmwr.mm6608a3
https://doi.org/10.2471/BLT.11.086678
https://doi.org/10.2471/BLT.11.086678
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref12
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref12
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref12
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref12
https://doi.org/10.1002/ajim.23320
https://doi.org/10.3109/08958378.2015.1051640
https://doi.org/10.3109/08958378.2015.1051640
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref15
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref15
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref15
https://doi.org/10.1016/j.canep.2015.08.007
https://doi.org/10.1016/j.canep.2015.08.007
https://doi.org/10.1002/ajim.23279
https://doi.org/10.3390/ijerph19063656
https://doi.org/10.3390/ijerph19063656
https://doi.org/10.1093/occmed/kqab073
https://doi.org/10.1002/ajim.22846
https://doi.org/10.1002/ajim.22846
https://doi.org/10.1590/1980-549720210011
https://doi.org/10.1590/1980-549720210011
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?popsvs/cnv/popbr.def
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?popsvs/cnv/popbr.def
https://doi.org/10.1186/1471-2458-14-147
https://doi.org/10.1186/1471-2458-14-147
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref24
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref24
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref24
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref24
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref24
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref24
https://doi.org/10.1590/S0102-88392003000200003
https://doi.org/10.1590/S0102-88392003000200003
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref26
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref26
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref26
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref26
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref27
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref27
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref27
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref27
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref27
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref28
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref28
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref28
http://refhub.elsevier.com/S2093-7911(22)00058-0/sref28
https://doi.org/10.1093/annhyg/mes090
https://doi.org/10.1093/annweh/vxaa037
https://doi.org/10.1590/1980-549720210044
https://doi.org/10.1590/1980-549720210044

