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Mortality from injuries and other causes in a

cohort of 21 800 Brazilian steel workers
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Abstract
Objectives-Injury is the leading cause of
death in the male working population of
Brazil. An important fraction of these
deaths are work related. Very few cohort
studies of steel workers, and none from
developing countries, have reported on
mortality from injuries. This paper analy-
ses mortality from work and non-work
related injuries among Brazilian steel
workers.
Methods-Deaths during employment
from 1 January 1977 to 30 November 1992
were analysed in a cohort of 21 816 male
steel workers. Mortality rates specific for
age and calendar year among the workers
were compared with those of the male
population of the state where the plant is
located. Work related injuries were
analysed by comparing the mortality
rates for different subgroups of the
cohort.
Results-The number of deaths (391) was
less than half that expected based on
death rates of the general population.
Over 60% (242) of deaths were due to
injuries. Mortality from most causes was
substantially below that in the general
population, but that from unintentional
injury, was 50% above that of the general
population. Standardised mortality ratios
(SMRs) were highest for the youngest and
the oldest employees and for labourers
and clerical workers. Mortality from
motor vehicle injury was twice that
expected from population rates (SMR =
209, 95% confidence interval (95% CI)
176-244). There was a 67% fall in the age
adjusted mortality from occupational
injuries in the study period.
Conclusion-The healthy worker effect in
this cohort was greater than that com-
monly found in studies of occupational

groups in developed countries, probably
because of a greater socioeconomic gap
between employed and unemployed pop-
ulations in Brazil, and unequal distribu-
tion of health care resources. Mortality
was especially high for motor vehicle
injuries. The fall in mortality from occu-
pational injuries during the study period
was probably due to improvement in
safety standards, increased automation,
and better medical care. There is a need
to investigate risk factors for uninten-
tional injuries among steel workers, espe-
cially those due to motor vehicle injuries.
Prevention of occupational and non-
occupational injuries should be a main
priority in Brazil.

(Occup Environ Med 1996;53:343-350)
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Injury is a major cause of death both in devel-
oped and developing countries.' Unlike can-
cer, cardiovascular diseases, and other chronic
diseases, injury disproportionately strikes the
young, being the leading cause of loss of
potential years of life for the male population
in many countries (table 1). In the United
Kingdom it is the commonest cause of death
in people under the age of 30,2 and in the
United States injury is responsible for over
60% of all deaths in the age group 15-24 years
and about 40% in the age group 25-44 years.'4

In Brazil, deaths from injury show a very
similar pattern to those in the United States,
being responsible for about 60% of deaths
among men aged 15-44 years.5 Motor vehicle
crashes were the greatest cause of potential
years of life lost among the economically active
male population of Sio Paulo in 1980-2.6

Injuries related to work are thought to

Table Percentageyears of life lost in men under the age of 70years for six major groups ofcauses ofdeath in nine
different countries, 1980 (numbers are percentages of total)52

Circulatory
Cerebro- diseases other

Infectious or vascular than Respiratory Injury or Other or
Country Cancer parasitic disorders cerebrovascular diseases poisoning unknown

Australia 16 1 3 20 4 32 24
Chile 7 9 2 5 10 28 39
Hong Kong 23 4 5 7 11 21 29
Hungary 15 1 6 20 6 24 28
Japan 21 2 10 11 4 28 24
Kuwait 5 13 2 11 10 22 37
Spain 16 5 4 14 7 21 33
Sweden 17 1 4 24 3 29 22
United States 13 1 2 19 4 35 27
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account for a substantial fraction of deaths
from injury, but figures are imprecise both
because of underreporting and because the
classification system used to assign causes of
death does not enable deaths related to work
to be identified readily. It is estimated that
more than 12 workers die a day in Brazil as a
result of injuries related to work.7 According to
Ministry of Health data, there were over

640 000 occupational accidents in 1991, of
which about 4500 were fatal. During 1970-91
the number of workers covered by the
National Insurance Institute tripled, but the
number of occupational accidents reported
halved, leading to a decline from 16-8 to 2-8
injuries per 100 employees.7 This decline in

injury rate probably reflects a real improve-
ment in health and safety in many industrial
sectors. It may also reflect the change in the
composition of the workforce, with increased
participation of low risk groups, such as

women and those employed in services. A
decline was not found for fatal injuries, which
more than doubled during the same period,
resulting in a sharp and highly significant
upward trend in the case/fatality ratio (from
1'9 to 5 0 per 1000 injuries reported). The
case/fatality ratio in recent years is much
higher than that found in developed countries.
For example, in Britain in 1990-1 the
case/fatality ratio was 1-9 deaths per 1000

8injuries. Underreporting of minor injuries
might have contributed to both the decline in
the overall accident rate and the increase in
case/fatality ratio in Brazil, but this has not
been investigated.9

There seem to have been no detailed cohort
investigations of accident mortality in occupa-
tional groups in developing countries. Most
occupational studies conducted in Brazil have
either been cross sectional or of proportional
mortality, mainly due to the lack of adequate
follow up systems, and thus have had limita-
tions for estimating risk and studying causal
associations.
Most studies of the mortality of workers in

the steel industry in developed countries have
focused on cancer and respiratory diseases,'0-17
and only a few have reported the risk of death
from injuries. 1012 13 16 Most steel workers work
on assembly lines, with a substantial pro-
portion working in rotating shifts. There are

several hazards in steel works which are associ-
ated with increased risk of injury such as heavy
machinery, molten metal, gases, noise, and
heat.'8-22 Koskela et al found excess mortality
from injuries (mainly suicide and transporta-
tion accidents) among casters, furnacemen,
and fitters employed in iron foundries in
Finland.'3 In a study in the United States,
Lloyd et al found an increased risk of death
from accidents among labourers but the excess

was not significant.'0
The present study is of mortality from work

and non-work related injuries in a cohort of
steel workers employed in the manufacturing
plant of USIMINAS, one of the largest pro-
ducers of uncoated flat steel in the Americas.
The plant is located in a region called the Steel
Valley in the west of the state of Minas Gerais,

in south east Brazil, where there is one of the
largest iron ore reserves in the world-the fer-
rous quadrilateral of Minas Gerais. The steel
works covers an area of 11 km2 and include
190 work areas, three large coke production
units, and a by product recovery segment to
collect and refine the volatile products of coal
carbonisation.

Materials and methods
The cohort comprised all men employed at
USIMINAS at any time between 1 January
1977 and 31 August 1990. Up to 1983, work-
ers were identified from annual lists of those
currently employed in the plant, held in per-
sonnel records. The sex, date of birth, place of
birth, date of leaving the plant, and vital status
on departure, were abstracted from microfiche
records. From 1983 onwards employment
data were available from computer files held in
the personnel department.

Female workers were excluded from the
study as they were few and worked mainly in
clerical and administrative posts. Checks were
made to eliminate duplicate records by com-
paring the names, dates of births, and work
identity numbers for men in the cohort, with a
computer program that took account of com-
mon spelling mistakes. Suspected duplicates
were checked manually. Works numbers in the
plant had been allocated sequentially by date
of first employment, and these were used to
check for temporal discrepancies in the data
abstracted.

Information on deaths among cohort mem-
bers during employment in the plant was
obtained from personnel records, as date and
cause of death are reported to the personnel
department by the employee's family or next
of kin to claim compensation or a pension
from the National Institute of Social Security.
Copies of the death certificates were obtained
from the Occupational Health Department for
all workers reported to have died and the
causes of deaths were coded according to the
9th revision of the International Classification
of Diseases (ICD-9).23

Workers in the cohort were regarded as
entering the study on 1 January 1977 if they
were already employed at that date, or on the
date of employment if they started later.
Follow up was ended on the earliest of the
date of departure from the plant, death, or 30
November 1992. Years at risk were stratified
according to age, in five-year age bands, two
calendar periods (1977-84 and 1985-92),
duration of employment (six groups) and five
job categories (professionals, technicians,
group leaders, clerical workers, and labourers)
and deaths were similarly classified.

Mortality rates in the cohort were compared
with the corresponding age and calendar year
specific rates for the male population of Minas
Gerais, the state in which the plant is located.
The numerators for the Minas Gerais mortali-
ties were abstracted from the Ministry of
Health mortality files that contain data from
death certificates for the whole country for the
period 1979-89, classified according to
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Table 2 SMRs for different causes of death in the cohort

ICD-9 code Cause of death Deaths observed n Expected n SMR (95% CI)

000-139 Infectious and parasitic 11 55-4 20 (10-34)
140-208 Malignant neoplasms 41 44-2 93 (67-124)
390-459 Cardiovascular 53 160-4 33 (25-43)
460-519 Respiratory system 7 30-8 23 (10-33)
520-579 Digestive system 11 57-8 19 (10-33)
000-797 Other natural causes 20 59-1 34 (21-51)
000-797 All natural causes 143 418-0 34 (29-40)
798-799 Unknown and ill defined 6 149-0 4 (2-8)
E800-E949 All unintentional injuries 192 127-9 150 (130-172)
E950-E969 Intentional injuries 40 65-4 61 (44-82)
E980-E989 Unclassified injuries* 10 58-5 17 (9-30)
E800-E999 All injuries 242 251-8 96 (85-109)
000-999 All causes 391 818-8 48 (43-53)

*Not classified whether accidentally or purposely inflicted.

ICD-9. The denominators were obtained from
census data and between census population
estimates (FIBGE-Fundacao Instituto
Brasileiro de Geografia e Estatistica).

Minas Gerais mortalities were calculated for
single years from 1979-89. Rates for 1977 and
1978, which were not available, were taken to
be the same as those for 1979, and those for
1990-92 were taken to be the same as those
for 1989. Expected numbers of deaths were
obtained by multiplying specific mortality
rates for age and calendar year for the Minas
Gerais population by the corresponding num-
ber of person-years in the study population.
Standardised mortality ratios (SMRs) were
calculated by incorporating external rates into
Poisson regression models with EPICURE
software.'4 Significance levels and confidence
intervals (CIs) were calculated assuming that
the specific rates for age and calendar year in
the cohort were a constant multiple of those in
the general population.'5
The ICD-9 makes no provision for record-

ing whether injuries are related to work. A
death was therefore ascertained as related to
work injury if the underlying cause on the
death certificate was injury and the
Occupational Health and Industrial Hygiene
Departments had notified it to the Brazilian
Health and Safety Authorities as occupational.
The industry is obliged by law to keep records
of, and to notify Health and Safety Authorities
of, all fatal and non-fatal occupational injuries
as soon as they occur.

Deaths from these causes in the cohort were
analysed by comparison of the mortality rates
of different groups of workers in the cohort.
EPICURE computer software was also used

Table 3 SMRs for all causes of death according to duration ofemployment andjob
category

Deaths
Duration of

Job category employment (y) Observed n Expected n SMR (95% CI)

- < 1 15 24-4 61 (35-98)
- 1-2 18 28-8 62 (38-96)
- 3-4 78 1049 74 (59-92)
- 5-9 94 183-8 51 (41-62)
- 10-19 147 357-5 41 (35-48)
- > 20 39 119-3 33 (24-44)

X2 trend (1 df) = 19-7, P < 0-0001
Professionals - 17 53-3 32 (19-50)
Technicians - 62 180 7 34 (27-44)
Group leaders* - 34 121-6 28 (20-39)
Labourers - 237 394-2 60 (53-68)
Clerical workers - 41 69-0 59 (43-79)

X2 heterogeneity (4 df) = 36-0, P < 0 001

*Skilled manual workers who supervise the work of a group of labourers.

to fit log linear models to estimate exposure
specific rate ratios and to test hypotheses relat-
ing to them.'4 Adjustments for age and calen-
dar period were made by including terms for
these factors in the model. A maximum likeli-
hood test was used to test for possible interac-
tion effects with age group and calendar
period.

Results
A total of 22 355 people were employed in the
steel works at any time from 1 January 1977 to
31 August 1990, of whom 441 were women
and were excluded. Microfiches containing
personnel data for 98 (0-04%) of the 21 914
male steel workers were missing and these
workers were also excluded. Thus, the final
cohort consisted of 21 816 male steel workers
who contributed 197 499 person-years of fol-
low up. Forty nine per cent of the men
(10 679) were still working in the plant at the
end of the study period, 49% (10 746) had left
employment (dismissed, retired, or resigned),
and 2% (391) had died during employment.
The mean (SD) duration of employment was
1 1;9 (7 8) years and the duration of follow up
was 9-0 (5 8). The age range of the cohort was
17 to 65 years. Most steel workers (75%) were
first employed before 25 years of age, the
mean (SD) age being 22-8 years (4 9). The
mean age of those still working at the plant at
the end of the study period was 36-4 (4 0)
years.
Of the 391 deaths that occurred during

employment, 242 (62%) were caused by
injury (table 2), 53 (14%) by cardiovascular
diseases, and 41 (10%) by malignant neo-
plasms. The expected total number of deaths,
based on Minas Gerais rates, was 818-8 (SMR
48, table 2). The SMRs were low for all major
causes of death except malignant neoplasms,
for which the mortality approached that of the
general population, and unintentional injuries,
for which mortality was above that of the gen-
eral population. The SMR for death from
unknown and ill defined causes (ICD-9
798-799) was very low, indicating a much
greater accuracy in ascertainment of causes of
death for the cohort than for the population of
Minas Gerais (table 2).
The SMRs for all causes of death combined

declined with increasing duration of employ-
ment in the steel works (table 3). Age was
stratified into four groups of 10-year intervals
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Table 4 Deathsfrom injury according to underlying cause on death certificate
Total Work relatedICD-9 code Cause of death n (%/6) n (%/1)

Unintentional injuries: 192 (79 3) 33 (89 2)E810-E825 Motor vehicle injury 146 (60 3) 9 (24 3)E888 Fall 1 (0 4) 1 (2 7)E899 Burning 11 (4-5) 11 (29 7)E910 Drowning 20 (8 3) 0 (0)E919 Injury caused by machine
(not specified) 5 (2-1) 5 (13-5)E925 Electrocution 2 (0 8) 2 (5 4)E928 Other unintentional injury 6 (2.5) 5 (13-5)Intentional injuries: 40 (16-5) 0 (0)E953-E958 Suicide 13 (5 4) 0 (0)E965-E968 Homicide 27 (11 1) 0 (0)Injuries not classified whether

accidental or
purposely inflicted: 10 (4 2) 4 (10-8)E982 Poisoning by gases or vapours 4 (1-7) 4 (10-8)E988 Other injuries and those with

means not specified 6 (2-1) 0 (16-2)E800-E999 All external causes 242 (100) 37 (100)

to test for a possible interaction effect with
duration of employment, and calendar period
was stratified into two periods (1977-84 and
1985-92). There was no significant interac-
tion on a multiplicative scale, between age and
duration of employment (P = 0 26), or
between duration of employment and calendar
period (P = 0-34).

All cause mortality was significantly below
that of the general population for workers in
all five job categories examined (table 3). The
SMRs varied significantly (P < 0'001) accord-
ing to job category, being greater for labourers
and clerical workers than for the other three
job categories. The SMRs by job category did
not vary significantly by age (P = 0 22) or cal-
endar period (P = 0 10).

Table 4 shows the distribution of causes of

Table 5 Mortalities for deaths from motor vehicle injury (compared with general
population)

Deaths
Mortality ratio

Observed n Expected n or SMR (95% CI)
Age (y):

15-24 45 13-9 325 (239-429)25-29 29 17-8 163 (109-230)30-34 28 16-1 174 (117-246)35-39 18 10-6 170 (103-262)40-44 9 6-2 146 (70-264)45-49 10 3-4 291 (146-510)50-54 5 1-5 345 (124-742)> 55 2 07 303 (50-934)All ages 146 70 3 209 (176-244)
XI heterogeneity (7 df) = 14-92 P = 0 004

X5 trend (1 d) =073P=0*39
Period:

1977-84 86 34-0 233 (187-285)1985-92 60 33-1 182 (139-231)
X2 trend (1 df) =0-61, P 0.26t

Duration of
employment (y):
< 1 4 3-5 115 (36-268)1-2 12 4-0 297 (159-499)2-5 36 13-7 263 (186-358)5-10 45 20-4 221 (162-292)10-20 40 24-1 166 (120-223)> 20 9 4-3 209 (100-376)

X2 heterogeneity (5 df) = 7-26 P = 0-20
Xtrend (1 df) = 1-06, P = 0-30

Job category:
Professionals 7 4-1 171 (73-330)Technicians 22 14 1 156 (99-231)Group leaders 13 8-9 146 (80-240)Labourers 89 37-6 237 (191-289)Clerical workers 15 5-3 284 (164-454)

x2 heterogeneity (4 df) = 6-90 P = 0 14

*Mortality ratio for age; SMR for period, duration of employment, and job category.tTrend test based on single years.

death from injury. Motor vehicle accidents,
which include pedestrian injuries, accounted
for 37% of all deaths and 60% of all injury
deaths. Suicide and homicide accounted for
16% of injury deaths and drowning for 8%.
Thirty seven deaths were related to work
(table 4). Injuries related to work were respon-
sible for about 10% of all deaths, and 15% of
all fatal injuries. Burns were the most common
cause of occupational injury, with 11 deaths
(table 4); two of these occurred on the same
date, probably as a result of the same accident.
The numbers of deaths related to work were
greatest in 1978 (eight deaths) and 1979 (nine
deaths) and there were no occupational fatali-
ties in 1989 and 1990.

Mortality rates for motor vehicle injury were
significantly above those of the general popu-
lation of Minas Gerais, most notably so for
workers aged < 25 years or > 44 years (table
5). The SMR for motor vehicle injuries was
higher in 1977-84 than in 1985-92, but the
difference was not significant and there was no
evidence of a significant trend in the SMRs
analysed in single years.
The SMRs for motor vehicle injuries were

significantly increased for workers who had
been employed for > one year in the plant but
did not vary greatly with duration of employ-
ment beyond this (table 5). There was an
excess of deaths from motor vehicle injury in
each job category. Risks were generally great-
est for the two least skilled groups, but the
variation in the SMRs between groups was not
significant.

Seventy three per cent (27) of the deaths
classified as work related occurred among
workers aged less than 35 years (table 6). The
death rates from these causes were greatest
among those aged < 25 years or > 45 years,
but the variation in the rate ratios with age was
not significant.

There was a 67% decline in the age
adjusted mortality rates from injuries related
to work in 1985-92 compared with 1977-84,
and the trend in the age adjusted rate ratios by
single calendar year was highly significant
(table 6: P = 0-002). The mortality for
injuries related to work was greatest for workers
during their first year of employment, but did
not vary significantly thereafter (table 6).
There was significant variation in risk of fatal
injury related to work by job category (table
6). No death from this cause occurred among
clerical workers and only one death occurred
among professionals.

In table 7 age specific mortality rates for
motor vehicle injury in the cohort are compared
with specific mortalities for sex and age for
Brazil, and for England and Wales as a compar-
ison from a developed country. Data for all
unintentional injuries are also shown for the
cohort for England and Wales, but were not
available in comparable form for Brazil. For
most age groups rates of motor vehicle injury in
the cohort are about twice those for Brazil and
several times those for England and Wales. For
all unintentional injuries rates in the cohort
were several times those in England and Wales
in most age groups.
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Table 6 Mortality rates and rate ratios for work related injuries

Deaths per 100 000 Mortality ratio
person-years or age adjusted

Deaths n Person-years (95% CI) rate ratio* (95% CI)

Age (y):
< 24 13 42 332 307 (16-9-506) lOOlt
25-29 9 45 279 19 9 (9 6-35-8) 0 70 (0-30-1-65)
30-34 5 42 698 11-7 (4 2-25 2) 0-52 (0-18-1-47)
35-39 4 31 052 12-9 (4-0-29-9) 0-61 (0-19-1-92)
40-44 1 18 889 5-3 (0-3-23-3) 0-24 (0-03-1-81)
45-49 3 10 413 28-8 (7-2-74-7) 1-26 (0 35-4 46)
50-54 2 4079 7 49 0 (8-2-151-3) 1-95 (0-44-8 65)

55 0 1974 00 000 -
Allages 37 196715-8 18-8 (13-3-25-5)

x2 heterogeneity (7 df) = 6-72, P = 0-46
x trend (1 df) = 1-35, P = 0-25

Period:
1977-84 29 101 289 28-6 (19-4-404) lOOt-
1985-92 8 95 426 8-4 (3-8-15-6) 0 33 (0-15-0-75)

x2 trend (1 df) = 13-9, P = 0-002
Duration of employment (y):

< 1 6 11 294 53-1 (21-1-107-7) l OOt-
1-2 2 11 965 16-7 (2-8-51-6) 0 30 (0-061-58)
2-5 10 37 622 26-6 (13-3-46-6) 0 50 (0-18-1-44)
5-10 8 52 973 15-1 (6-9-28-1) 0-39 (0 11-1 32)
10-20 9 69 553 12-9 (62-23 3) 044 (009-2 17)
> 20 2 13 311 15-0 (2 5-46 4) 0 35 (0 04-3 48)

X2 trend (1 df) = 581, P = 0-016
Job category:

Professionals 1 11 400-1 8-8 (0 5-38 6) loot-
Technicians 3 39 211 7-7 (1 9-19 8) 0-78 (0-08-7-56)
Group leaders 4 24 710 16-2 (5-0-37-6) 1-55 (0-17-13-98)
Labourers 29 106 679 27-2 (18 5-38-3) 2-78 (0-37-20 83)
Clerical workers 0 14 718 0 0 0 0 (0)

x2 heterogeneity (4 df) = 13-30, P = 0 001

*Mortality ratio for age, age adjusted rate ratio for period, duration of employment, and job category.
tControl group.
fTest for trend based on single years.

Table 7 Age specific annual mortalities (per million) from motor vehicle and all
unintentional injuries in the cohort, Brazil, and England and Wales

Age group Cohort Brazil* England and Walest
Motor vehicle injuries:

15-19 423 206 315
20-29 882 411 228
30-39 1051 457 112
40-49 648 460 96
50-64 1165 460 107

All unintentional injuries:
15-24 1512 -t 399
25-34 887 - 269
35-44 587 - 427
45-54 1264 - 227
55-64 1520 - 395

*Based on rates for the male population of Brazil, for the years 1979, 1983, and 1987.
tBased on rates for the male population of England and Wales from 1979 to 1992 (OPCS).
tData not available in this form for Brazil.

Discussion
Overall, the mortality during employment of
men at the USIMINAS plant was about half
that of the general population of the state. All
cause mortality rates of working populations
are usually lower than those of the general
population. This phenomenon, called the
healthy worker effect, reflects the impact of
several health selection forces during hiring
and employment.'$" Among those who are fit
enough to apply for work, often a further
selection occurs when hiring employees, based
both on health status (such as blood pressure
and respiratory function) and health behav-
iours (such as alcohol consumption). At
USIMINAS, applicants for a job are inter-
viewed and checked for physical strength and
fitness, and possible disorders affecting circu-
latory, respiratory, digestive, urinary, and neu-
rological systems. Employees are subject to
regular medical check ups (every six months,
or one or two years according to job), to detect
work and age related health problems. Those

found to be sick may change their job, leave
employment, or be treated at an early stage of
disease.
Among the steel workers, the SMRs for all

causes of death were lowest for those who had
been employed longest (table 3). In part this
was because of greater accident mortality in
less experienced workers,'4 but also workers
who are more healthy are likely to stay work-
ing longer. In other studies it has been found
that men who had experienced unemployment
or retired prematurely had higher death rates
than continuously employed men,31 and
among Finnish foundry workers poor health
was one of the four main reasons for leaving
employment.'2 In Brazil there have been fewer
job opportunities than in developed countries
and an unsatisfactory welfare system to assist
those out of work. As a consequence, the dif-
ferences in mortalities between employed and
unemployed men are likely to be even more
pronounced than in developed countries. In
our cohort the all cause SMR, and especially
the all "natural" cause SMR, was much lower
than usually found in working cohorts in
developed countries.'l''7

There may be differences between the study
population and the state population in both
the completeness of ascertainment of deaths
and of their causes, as is indicated by the very
low SMR for unknown and ill defined causes
in the study population (table 2) and this may
limit the interpretation of our findings. As the
personnel records are used to pay workers,
incomplete ascertainment of death is unlikely,
and reports by the Ministry of Health indicate
that there is little underreporting of deaths in
the general population among people of work-
ing age.'5 The very low SMR for ill defined
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causes (table 2), however, indicates a substan-
tial difference in the accuracy of determining
cause of death. This occurs particularly
because in Brazil non-working populations
have little access to medical services although
workers employed in large companies such as
USIMINAS, are generally covered by special
health insurance plans. Differences in accu-
racy in determining causes of death are less
likely to affect deaths from injuries than those
from other causes that require medical or labo-
ratory investigations. It is likely that within the
general population a high proportion of deaths
classified as due to unknown or ill defined
causes were due to natural causes,36 and thus
the SMRs from these causes in the cohort
(table 2) are likely to be overestimated.
The low SMR for injuries not known

whether accidentally or purposely inflicted
(table 2) contrasts with the SMR of 150 for
unintentional injuries and suggests differences
between this cohort and the general popula-
tion for accuracy in the establishment of cause

of death from injury. It is often difficult to
establish that injury deaths are purposely
inflicted37-41 as this conclusion generally
requires both legal and medical investigations.
An appreciable proportion of the difference in
accuracy between the cohort and general pop-
ulation data may therefore have been due to
better ascertainment of deaths from inten-
tional injuries in the cohort compared with the
general population. The excess of deaths from
unintentional injuries in the cohort is also
appreciably larger than the deficit of ill speci-
fied injuries and thus the excess of deaths
found in comparison with general population
rates is likely to be largely real. It may well
reflect an even larger excess of serious injuries,
as employees of USIMINAS have benefited
from better access to medical care than has
much of the population, and promptness and
quality of medical care are associated with
increased survival and low mortality from
injuries. 14 42 43

Mortality from motor vehicle injuries was
twice as high in USIMINAS workers as in the
general population (table 5). The risk of such
injuries is highly influenced by driver and
pedestrian behaviour. Factors such as the non-
use of seat belts and helmets (for motor
cyclists), drinking alcohol, and speeding are

among the most important risk factors for traf-
fic accidents. Although there are strict rules
about the use of helmets in the state of Minas
Gerais, there has been great concern about
high speed riding and traffic offences among
motor cycle riders. Motor cycles are very pop-

ular among steel workers because they cost
less than cars and can negotiate heavy traffic
more easily. The ownership of motor cycles
may be more common among workers in the
steel works than in the general population.
Unfortunately it is not possible to ascertain
from the death certificates whether deaths
were due to motor cycle or car accidents.

During the study period the use of seat belts
was only legally compulsory on motorways
and main roads in Brazil. Tighter regulation of
alcohol consumption by drivers has been

imposed only recently, and would not have
affected cohort mortality. However, we know
of no reason why steel workers should have
behaved worse than the general population in
the use of seat belts, helmets, or other preven-
tive measures.

There might be some differences in drink-
ing habits between the cohort and the general
population, but there are no data on alcohol
consumption to compare the two populations.
A cross sectional study in Brazil found a signif-
icantly lower prevalence of alcohol consump-
tion and alcoholism among people earning
three or less times the minimum wage than
among those earning four or more times.44
Although an important proportion of steel
workers have low pay, the general population
includes an even greater proportion of people
in this situation.

Regional variations in mortality from traffic
injuries might explain some differences
between cohort and population rates if mortal-
ity was higher in the Steel Valley than in the
state as a whole. In studies elsewhere than
Brazil, death rates from traffic injuries have
varied inversely with the per capita income,4 43 46

probably because in low income areas the per-
centage of paved roads is lower, vehicles are
older and less well maintained, driving prac-
tices are less safe, and efficient emergency and
medical care services are lacking. Nationally,
however, there is no clear pattern of variation
in traffic mortality between low and high
income regions.45 In the state of Minas Gerais
there is a notable regional variation in degree
of urbanization and wealth, but there is little
information on regional variation in mortali-
ties from road injuries. The Steel Valley is
highly urbanised and one of the most prosper-
ous areas.
The increasing risk of death from motor

vehicle injury after the first year of employ-
ment (table 5) may be explained by several
factors. Amount of travel is positively associ-
ated with the risk of traffic accidents and
explains some of the differences in mortality
for this cause when international comparisons
are made.47 A person's amount of travel may
increase with duration of employment.
Employment may lead to financial betterment
and increased ownership of cars and other
motor vehicles. As a consequence the chances
of traffic accidents may also rise after employ-
ment. However, there is no obvious reason for
a relation between dangerous driving and
duration of employment. Alcohol misuse
might lead to an increase in the risk of death
from motor vehicle injuries with increasing
duration of employment. There is some evi-
dence of an increase in alcohol consumption
among young adults after employment has
begun." Such an increase may occur not only
because drinking becomes more affordable but
because of an increase in the intensity of social
life and of stress from work. A person's drink-
ing behaviour seems to be strongly influenced
by the drinking habits of those in his personal
social network."
Some related to work factors, such as rotat-

ing shift work, might also contribute to the
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Mortality from injuries and other causes in a cohort of21 800 Brazilian steel workers

increased risk of deaths from motor vehicle
injury among steel workers. More than 40% of
the steel workers are currently exposed to levels
of noise of 85 decibels and above, and there is
a high prevalence of noise induced hearing
loss. Another major health problem in the steel
works is mental illness, which is an important
cause of absenteeism and early retirement.50
These factors might be associated with
increased risk of traffic injury because they can
cause reduction in alertness and concentra-
tion, and delay in reaction time.
The decline in mortality from injuries

related to work over time may be explained by
improvement in safety standards in the plant,
technological progress, with machines taking
over some of the more hazardous tasks, and
better medical care. During the study period,
the Departments of Occupational Health and
Industrial Hygiene carried out many cam-
paigns and introduced measures with the
intention of reducing accidents at work, which
seem to have had an important impact on acci-
dent prevention. These campaigns were based
on promoting training courses, increasing
awareness of hazards and importance of safety
measures, and also rewarding, with a barbecue
or a party, workers in areas where no accidents
occurred. At the same time the presence and
support of industrial hygienists in the produc-
tion areas has increased.
The crude mortality for occupational injury

in south east Brazil was around 7 8 per
100 000 employees in 1990,7 similar to that
found in this cohort towards the end of the
study period (table 6). Unfortunately, other
cohort studies of steel workers have not pub-
lished comparable data on mortality from
occupational injuries.Y1'6 In developed coun-
tries the occupational mortality may be much
less. For example, for workers in manufacturing
in Britain, the rate was 1-8 per 100 000
employees in 1990-1,4 nearly one fifth of that
found in this cohort. However these crude
rates include both sexes and several occupa-
tions, and there may also be differences in age
composition. Death rates for occupational
injury vary greatly according to sex, age, and
occupation.485' Also, comparisons of mortali-
ties for occupational injuries are subject to
important bias because of variation in case
definition and methods of data collection
between and even within countries. In the
United States, for instance, the estimated
numbers of fatal occupational injuries vary
widely (3740 to 11 500 in 1984) among the
various surveillance systems.4 Although
Brazilian health and safety statistics include
occupational fatalities and injuries related to
motor vehicles in people under the age of 16
years, the National Traumatic Occupational
Fatality Database in the United States does
not. In Brazil data on occupational injuries are
not available for 14 million rural workers.9

In conclusion, the analyses of mortality in
this cohort show a substantially higher risk of
death from injury than in developed countries
and a greater healthy worker effect. In com-
parison with the state population there was a
highly significant excess of death from unin-

tentional injury in the study population, in
particular from motor vehicle injuries. There is
a clear need for preventive action and further
exploration of possible risk factors for death
from injury among Brazilian steel workers.
An increase in knowledge of occupational

hazards and the efficacy of preventive methods
available in Brazil should help to enhance
effective interventions, increase enforcement
of safety legislation, and further the use of
engineering approaches to reduce hazards in
the workplace and their adverse consequences
on the morbidity and mortality of those
affected.
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