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Predictors of first nonfatal occupational injury following employment in a
Brazilian steelworks
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Peter G Smith, PhD?

Barreto SM, Swerdlow AJ, Schoemaker MJ, Smith PG. Predictors of first nonfatal occupational injury following
employment in a Brazilian steelworks. Scand J Work Environ Health 2000;26(6):523—528.

Objectives This study investigated the influence of sociodemographic and occupational factors on the risk of 1st
injury among Brazilian steelworkers,

Methods Workers 1st employed between 1 January 1977 and 31 December 1985 and still employed on 1
December 1983 were followed from the date of hire until 30 October 1992. Occupational injuries were ascertained
from a database. Kaplan-Meier curves for time to 1st injury were calculated for the total cohort and for different
subgroups. A multivariate analysis of risk factors for 1st injury was carried out using the Cox proportional hazards
regression model.

Results Forty-one percent of the workers had 1 occupational injuries, and 39% of 1st injuries occurred in the 1st
year of employment. Lacerations, contusions, penetration by foreign bodies, burns, sprains, and fractures constitut-
ed the main diagnostic groups. Injuries to the hands, eyes, feet, arms, and legs dominated. Over 5% of the injured
workers were on temporary disability leave (cumulative total 10 660 days). The probability for an occupational
injury was 16% for the 1st year, rising to 25% in the 2nd year. The risk of nonfatal injury was highest for laborers
[hazard ratio (HR) 1.76, 95% confidence interval (95% CT) 1.35—2.29] and employees in the steel mill (HR 1.40,
95% CI 1.21—1.63), and inversely related to worker age and educational level. The risk of injury decreased
significantly with calendar period of employment.

Conclusions Substantial reductions in nonfatal injuries may reflect changes in work organization, increased
automation, and improved safety standards. Knowledge of predictors of work-related injury may contribute to

injury prevention strategies, especially among newly employed workers.

Keyterms cohort study, education, steel workers, work-related injury.

The workplace is a significant contributor to fatal and
nonfatal injuries worldwide and an insufficiently appre-
ciated contributor to the total burden of health care costs.
In the United States, for instance, estimates of the
number of nonfatal work-related injuries range from 6
to 13 million annually (1—3), and the total annual cost
of work-related injuries and fatalities has been estimat-
ed to be greater than USD 121 billion (4).

In Brazil, occupational injury rates are 2 to 4 times
higher than in most industrialized countries (5). In 1996,
work-related injuries accounted for 91.2% of all report-
ed workplace morbidity among the employed urban pop-
ulation, totaling 361 755 cases. In the same year, the

National Institute of Social Security spent around USD
5 million on rehabilitation programs for injured work-
ers. Altogether 428 072 employees were treated for oc-
cupational injury. Of this number 45.2% had work ab-
sences of up to 15 days, 37.3% had long-term disabili-
ties (loss of more than 15 workdays), 5.9% had perma-
nent disability, and 1.3% of the injuries were fatal.

As in many other countries, however, occupational
injuries are underreported in Brazil (5, 6). The main rea-
son for the underreporting is that the national database
(from which the data on occupational injuries derive)
excludes public-sector employees and rural, self-em-
ployed, and informal or temporary workers.
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The risk of injury-related disability seems to increase
with the number of injuries a worker has had previously
(7, 8). Work experience seems also relevant to injury pre-
vention, since injury risk is inversely related to duration
of employment (9, 10). Identifying personal and occupa-
tional predictors of work-related injury may contribute
to injury-prevention strategies, especially among newly
employed workers. We have tried to assess the influence
of social and demographic factors on the risk of 1st inju-
ry in the workplace, after taking into account the effect
of other relevant factors, such as year of starting employ-
ment, place of work, and job category.

Subjecis and methods

The study was carried out using data from a very large
steelworks in southeast Brazil, the 2nd largest steel pro-
ducer in the country with a work force of about 12 500.
A large cohort study had previously been undertaken to
investigate the mortality of workers at the plant (11—
13). This cohort comprised 21 816 men employed at the
plant at any time between 1 January 1977 and 31 August
1992. Details of the methods used to assemble the co-
hort and to follow the members have been published else-
where. (11) In the present study, data from a subset of
the cohort were analyzed because sociodemographic in-
formation could only be collected for this group. The
subset consisted of 6609 workers who began work in the
plant between 1 January 1977 and 31 December 1985 and
who were still employed in the plant on 1 January 1983
if they had started work in the plant before that date.

We confined the analysis to nonfatal occupational
injuries that occurred during the workshift and that re-
sulted directly from a worker’s job or to which the work-
er’s job was a contributory factor. The injuries were as-
certained using the database of the Occupational Hygiene
Department, which contained information for ali work-
ers on the date and site of injury, type of tissue damage,
number of workdays lost as a result of any reported inju-
1y, any sequelae, and other general information about the
worker. Information about the injury had been recorded
by the plant hygienists on the day of its occurrence. This
database was considered to be virtually complete and was
used to produce the official report on the occurrence of
injuries for the Ministry of Labour.

The cohort members were classified according to
their age at the start of employment (< 18, 19—25, 226
years), period of start of employment (1977—1979,
1980—1982, 1983—1985), educational level (<4, 5—
8, 9—11, = 12 years of school attendance), and marital
status at the time of admission to the plant (single, mar-
ried, other). Information on job category (professionals
and technicians, clerks, and laborers) and place of work
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at the beginning of work in the steelworks was also used
in the analysis. To summarize the data for the statistical
analysis, we grouped the place of work into the follow-
ing 7 major areas based on production flow: administra-
tion, research, quality and production control; mainte-
nance; energy supply; cranes and other heavy motor ve-
hicles; cold and hot strip mills; steel mill; and coke and
foundry areas.

Workers were followed from the date they started
work at the plant to the time they left the plant, their
death, or 30 October 1992, whichever was earliest. Kap-
lan-Meier curves for time to 1st injury were calculated
for the total cohort and for subgroups by age, period of
1st employment, school level, marital status at entry to
work, occupational group, and place of work. The curves
were tested for heterogeneity using the log-rank test. A
multivariate analysis was carried out using the Cox pro-
portional hazards regression model to assess the effect
of the different factors on time to 1st occupational inju-
ry. The assumption of proportional hazards was checked
by plotting the logarithm of the cumulative baseline rate
against the logarithm of time since 1st employment by
the explanatory variable and assessing whether the lines
were parallel (14). The analysis was conducted using Sta-
ta statistical software (15).

Results

As the cohort consisted of workers who had entered the
industry between 1977 and 1985, the period of follow-
up varied from 7 to 16 years. Data were missing for 116
(1.7%) workers, and hence 6493 men were included in
the analyses. A total of 2686 workers had at least 1 inju-
ry at the worksite, and 1104 had 2 2 injuries. Table 1
shows the distribution of the workers according to the
number of occupational injuries recorded.

Among the 2686 workers with 21 occupational inju-
ries, the 1st occupational injury led to loss of workdays
for 143 workers and resulted in permanent disability for
8 of these workers. Altogether 10 660 (median 29) days
of work were lost as a result of st injuries, and the in-
dustry paid the equivalent of 9260 days in compensation
for permanent disability. The remaining 2543 first-time
injured workers were able to return to work on the fol-
lowing workday.

Lacerations, cuts, and scrapes accounted for 36% of
the 1st injuries followed by contusions and hematomas,
foreign bodies and burns, chemical burns, and scalds (ta-
ble 2). Hands were the anatomic sites sustaining the most
first-time injuries, followed by eyes, feet, arms, and legs
(table 3).

The results of the Kaplan-Meier analyses of time to
1st accident are given in figure 1, which shows the pro-



portion of workers remaining injury-free at different
times since 1st employment. Sixteen percent (N=1055)
of the cohort had an occupational injury during their 1st
year of employment, the proportion remaining injury-free
being 84% [95% confidence interval (95% CI) 83—
85%]. At the end of the 2nd year of employment the per-
centage of those who had not had any injury decreased
to 75% (95% CI 74—T77%), after 7 years it was 60%
(95% Cl1 64—66%), and after 15 years it was 53% (95%
CI 51—55%) (figure 1a).

The risk of injury reduced substantially with calen-
dar period of employment (figure 1b). The percentage of
workers who were injury-free after 1 year of employment
was 79% (95% ClI 78—81%) for workers who started
work during 1977—1979, 89% (95% CI 87-—90%) for
workers employed in 1980—1982, and 93% (95% CI
91—94%) for those employed in the latest period
(1983—1985). The 7-year cumulative accident-free rates
related to the same periods of employment were 57%
(95% CI 55—58%), 67% (95% CI 64—70%), and 73%
(95% CI 70—76%), respectively. The curves for the 3
periods were significantly different (c> 2 df: 130,
P<0.001).

Younger workers were more likely to have an injury
than older workers (figure 1c). The difference in the in-
jury-free rates between the youngest and the oldest age
groups at the time of employment appeared to widen over
time, being, at the end of the follow-up, 45% for the
workers 1st employed before 19 years of age and 56%
for the workers employed at later ages.

There was a marked and statistically significant dif-
ference in the accident-free curves (¢? 3 df: 389, P<0.001)
according to educational level (£ 4, 5—8, 9—11, 312
years of school) (figure 1d). After 1 year of employment
the probability of having had no injury for each educa-
tional group was 76%, 82%, 92% and 98%, respective-
ly, declining to 41%, 50%, 73%, and 88% after 15 years.
In relation to marital status, married workers had the bet-
ter injury-free curve (figure 1e), followed by single work-
ers and other marital statuses, respectively (c? 2 df: 19.5,
P<0.001).

Information on job category at the start of employ-
ment was available for 6407 workers in the cohort and
missing for 86. Sixty-three percent were laborers, 23%
were clerical workers, and 12% were professional or
technical workers. Job category was an important prog-
nostic factor for being free of injury (y? 2 df: 245,
P<0.001). Laborers had the worst injury records with a
probability of 80% for having had no injury in the 1st
year (95% CI 79—81%), compared with 87% (95% CI
85—89%) and 95% (95% CI 94—97%) for clerical and
professional workers, respectively (figure 1f).

Data on area of work within the plant at the start of
employment were missing for 253 cohort members. For-
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Table 1. Distribution of workers according to the number of oc-
cupational injuries recorded during the follow-up of the study
population.

Number of injuries Number of workers %

0 3807 8
1 1573 4
2 679 0
3 244 3.
4 1
5 0
6 0

— N> O

109
45
or more 36

oN~NAMO

Total 6493 100

Table 2. Distribution of first injuries according to type of injury.

Type of injury Number %

Laceration, cuts 967 36.0
Contusion, hematoma 514 19.1
Foreign body 422 15.7
Burns, scalds, chemical burns 298 11.1
Sprains 177 6.6
Fractures 130 4.8
Poisoning 50 1.9
Multiple lesions 48 1.8
Chemical and light conjunctivitis 47 1.8
QOther 33 1.2
Total 2686 100

Table 3. Distribution of first injuries according to body site af-
fected.

Site of injury Number of injuries %
Hands 1055 39.3
Eyes 466 17.3
Feet 259 9.6
Arms 208 7.7
Legs 205 7.6
Back 132 4.9
Face 113 4.2
Head & neck 36 1.3
Other 116 4.3
Multiple sites 96 3.6
Total 2686 100

ty percent of the employees were 1st employed in the
administrative and production control areas, 37% hold-
ing the title of “apprentice” (workers who are still in the
training stage, before final allocation to a job). The oth-
er 60% of the cohort was distributed into the 6 areas more
directly related to the production process, and only 10%
of them held the title of “apprentice”. The relationship
between 1st place of work and risk of injury was also
significant (%2 6 df: 137, P<0.001). Workers employed
in administration and support had the best record, and
those employed in the steel mill the worst, 88% (95%
CI 87—89%) being injury-free after 1 year in the former
compared with 70% (95% CI 66—73%) after 1 year in
the steel mill, and 81—84% after 1 year in the other
areas of the plant.

Scand J Work Environ Health 2000, vol 26, no 6 525
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Figure 1. Kaplan-Meier estimates of proportion of workers remaining injury free at different times after 1st employment with the 95% confidence
interval (a) and by the following selected characteristics at employment: period (b), age (c), education (d), marital status (g), and job category

(f).

The multivariate Cox regression analysis showed that
age and calendar period of start of employment, school
level, 1st job category, and place of work were independ-
ent risk factors for nonfatal injury, but marital status was
not related to risk after adjustment for the other factors
(x? 2 df: 0.67, P=0.72). In the final model (table 4), work-
ers Ist employed at the age of 2 19 years had a more
than 40% lower risk of occupational injury than those
Ist employed at younger ages. The risk decreased sig-

526 Scand J Work Environ Health 2000, vol 26, no 6

nificantly and substantially between the workers start-
ing employment in 1977—1979 and 1983—1985
(P<0.001). There was a highly significant inverse asso-
ciation between educational level and risk of injury
(P<0.001). After adjustment for other factors, laborers
remained significantly more likely than professional and
technical workers to have an occupational injury [haz-
ard ratio (HR) 1.76, 95% CI 1.35—2.29]. The risk of in-
jury varied only slightly between different areas of work,




although there was a significantly increased risk for em-
ployees working in the steel mill area (HR 1.40, 95% CI
1.21—1.63) and a significantly reduced risk for employ-
ees in energy supply (HR 0.79, 95% C1 0.63—0.97) and
the crane and other motor vehicles category (HR 0.75,
95% CI 0.60—0.94) than for those working in adminis-
tration and production control.

Discussion

The probability of suffering an occupational injury in the
1st year of employment was 16%, increasing to 25% by
the end of the 2nd year. We identified the following 5
independent predictors of 1st nonfatal injury following
employment in the steel plant: age and period of starting
employment, school level, 1st job category, and work
area.

The hazard ratios were inversely related to age and
period at the start of employment. The highest risk was
found for men aged <18 years at the time of employment.
Several studies have found an increased risk of occupa-
tional injury among younger workers (1, 2, 16, 17). A
previous analysis of our cohort found that rates for fatal
occupational injury were greatest among workers aged
<25 years and >45 years and that mortality was highest
in the 1st year of employment(10). In the United States,
workers aged 16 and 17 years were at greater risk of
death from occupational injury than older workers were
(18). It is very difficult to separate out the effect of youth
and inexperience as age is highly correlated with work
experience. Younger and inexperienced workers might
also be less able to respond to new hazards as they arise
or might adopt risky behavior.

The substantial reduction in the risk of nonfatal inju-
ry for workers employed in later periods may be ex-
plained by increased automation and changes in the work
organization. It may also reflect some improvement in
safety strategies with time. There was a similar decrease
in the rates of work-related injury in the country overall
in the same period (5). Although records for this cohort
were considered virtually complete, it is not possible to
rule out some minor underreporting. It has been argued
that safety incentives may have an indirect, but signifi-
cant negative influence on the reporting of workplace
injuries (19). The safety incentive program adopted in the
steelworks during the study period was based on rewards
for safety-related changes (barbecues, prizes, etc), and it
therefore may have encouraged some underreporting.
Nevertheless, any plausible change in the reporting rates
in the period would not explain the sharp and steady de-
clining trend in injury rates that we found for this co-
hort.

The increase in time to st injury with increased
schooling may be partially explained by residual con-
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Table 4. Factors associated with first occupational injury. (95%
Cl = 95% confidernce interval)

Risk factor Hazard ratio? 95% Gl
Age at start of employment (years)
<18 1.00
19—25 0.59 0.51—0.69
> 26 0.56 0.47—0.68
X2 trend=24.7 P<0.001
Period of start of employment
1977—1979 1.00
1980—1982 0.70 0.63—0.78
1983—1985 0.55 0.48—0.63
%2 trend=101.6 P<0.001
Years of schooling
>12 1.00
9—11 2.05 1.36—3.09
5—8 3.50 2.27—5.39
<4 418 2.69—6.49
x? trend=73.1 P<0.001
First job category
Professional & technical 1.00
Support & service 1.13 0.86—1.49
Laborer 1.76 1.35—2.29
First work area
Administration & support 1.00
Energy supply 0.79 0.63—0.97
Maintenance 0.97 0.83—1.13
Cranes & motor vehicles 0.75 0.60—0.94
Coke production 0.86 0.73—1.00
Plate mill 0.87 0.76—1.00
Steel mill 1.40 1.21—1.63

 After adjustment for all other factors in the table.

founding with job category, since adjustment was based
on a crude categorization of jobs, and job title is highly
correlated with level of education. We have previously
found that lack of schooling was associated also with fa-
tal work-related injuries (12). It is possible that educa-
tion itself also plays a role in reducing injury risk, by
increasing the awareness of risk among those who are
better educated or promoting cautious attitudes towards
hazards.

The finding of a significant increased risk of injury
among the laborers, even after adjustment for education,
is likely to reflect greater exposure to hazards in the
workplace. The mortality rates for occupational injury
were also greater for laborers in the same period (11).
There are many unsafe areas in the steel plant, and the
steel mill was the one associated with the greatest risk
of injury. It is possible that less-skilled workers were
more often employed in this area than in other produc-
ing areas. This area is the largest in the plant and areas
that need less-skilled workers are concentrated there, for
example, coal stock and primary ore and blending yards.
The reverse, employment of more-skilled workers, may
explain the lower risk observed for workers 1st employed
in the administration and support, energy supply, cranes
and motor vehicles, coke production, and plate mill
areas.

Using lost workdays to assess the severity of occu-
pational injury may have seriously underestimated the

Scand J Work Environ Health 2000, vol 26, no 6 527
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magnitude of the problem in this study, since most work-
ers with fractures, amputations of fingers, and other po-
tentially serious injuries were temporarily assigned to
other tasks or areas while recovering from their injury.
This policy was aimed at reducing injury costs, and it
also had a favorable impact on the apparent effective-
ness of the injury prevention program adopted. An im-
portant goal of the ongoing program at that time was to
reduce the number of lost-time injuries.

Although fractures accounted for only 4.8% of the 1st
injuries (table 2), they often impair a worker’s skill. In
this study most of the fractures affected hands, arms, or
legs. Nonlife threatening injuries, such as injuries to the
hand and arms, resulting from accidents in the workplace
were significant contributors to the prevalence of perma-
nent injury-related disability among young adults in
Great Britain (16).

We have restricted our investigation to time to Ist
injury using the Cox regression. An alternative method
would have been to investigate time to injury with a frail-
ty model (20) that would incorporate recurrent injuries.
However, we have already addressed the issue of recur-
rent injury in an analysis of injury rates in this cohort (8)
and found that newly employed workers had the highest
rates of injury in the workplace. This was the rationale
behind this analysis, in which we investigated factors that
affected the time to 1st injury in a subset of newly em-
ployed workers for whom we could extract additional
information on potential explanatory factors.

Unfortunately, the database available for our study
had no information on the immediate antecedents of in-
juries. Such information is necessary for a more-detailed
investigation of injury risks and would aid the design of
strategies for injury prevention. However, knowledge of
the populations at higher risk for various types and lev-
els of severity of injuries is an important prerequisite for
developing effective injury prevention programs.
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