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Abstract

Noise is the most frequent type of occupational
exposure and can lead to both auditory and ex-
tra-auditory dysfunction as well as increasing the
risk of work accidents. The purpose of this study
was to estimate the attributable fraction of work
accidents related to occupational noise exposure
in a mediume-sized city in Southeast Brazil. In
this hospital-based case-control study, including
600 cases and 822 controls, the odds ratio of work
accidents (controlled for several covariables) was
obtained classifying occupational noise exposure
into four levels and determining the prevalence
at each level. Based on these data, the calculated
attributable fraction was 0.3041 (95%CI: 0.2341-
0.3676), i.e., 30% of work accidents in the study
area were statistically associated with occupa-
tional noise exposure. The authors discuss the
causes of this association and the implications
for the prevention of work accidents.
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Introduction

Noise has accompanied humankind since time
immemorial. Exposure to noise became more
intense and prevalent, with a universal scope,
when it began involving the work environment.
Noise is currently considered the most common
form of occupational exposure 1,2,3,4 and submits
millions of workers to various injuries in activities
like metallurgy, steel-making, carpentry, mining,
transportation, and others.

The principal harm caused by occupational
noise is noise-induced hearing loss, an irrevers-
ible disorder with an insidious onset that dete-
riorates hearing and thus the communications
capacity of exposed workers. Noise can also have
extra-auditory repercussions (cardiovascular 5,
endocrine 67, and gastrointestinal 8).

Added to the above-mentioned auditory and
non-auditory pathophysiological alterations, the
specialized literature indicates that workers ex-
posed to intense occupational noise present a
two- to fourfold risk of accidents as compared to
unexposed workers 9,10,11,12,13,14,15_ Thus, noise-
control and hearing conservation programs aim
both to prevent exposure and hearing loss as well
as to reduce the risk of work accidents 11,16,

Given this scenario, the aim of this study was
to estimate the attributable fraction of work ac-
cidents related to occupational noise exposure in
a medium-sized city in Southeast Brazil.
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Method

This research was part of a wider study aimed at
improving workers’ health surveillance activities
in the municipality (county) of Piracicaba, Sao
Paulo State, Brazil, called Diagnosis and Control
of Work Accidents in Piracicaba (DIATEP) 17,18,19,
A hospital-based case-control study was con-
ducted with local workers as the source popula-
tion. The study focused on occupational noise
exposure as a risk factor, among others, for work
accidents.

Case inclusion criteria were: residing in the
city of Piracicaba, age 15-60 years, treatment
for a typical work accident at the Emergency
Department of the Piracicaba Orthopedics and
Trauma Center (COT), and agreeing to partici-
pate in the study, signing an informed consent
form. Inclusion criteria for controls were: be-
longing to the workforce (not unemployed), re-
siding in the city of Piracicaba, age 15-60 years,
treatment at the COT for any reason other than
a work accident (or accompanying a patient re-
ceiving treatment there), and agreeing to partic-
ipate in the study, signing an informed consent
form. There is no reason to believe that if the
controls had suffered work accidents during the
study period they would have been treated in
other hospitals.

After explaining the study’s objectives and
obtaining informed consent to participate, data
were obtained from cases and controls by trained
interviewers with a questionnaire on various oc-
cupational and non-occupational variables.

Investigation of noise exposure was based
on the following question: “What is the normal
intensity of noise in your workplace?”, with four
possible answers: “none”, “low”, “medium”, and
“high”.

In developing the analysis, investigation of
the possible relationship between occupational
noise exposure and the occurrence of work ac-
cidents involved adjustment of a multiple logistic
regression model 20, in which the categorical and
dichotomous response variable was the occur-
rence of an accident (control = 0, case = 1) and
the predictive variable was the perception of ex-
posure to occupational noise expressed by the
worker, categorized according to the four levels
mentioned above and controlled according to
major occupational group 21, years of schooling,
sex, and age bracket. The noise exposure levels
were treated as dummy variables, with “non-ex-
posure” as the baseline level. Further method-
ological details are provided in Dias et al. 22.

Finally, calculation of the attributable frac-
tion of work accidents related to occupational
noise exposure used the usual equation 23,24,25,
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adapted by the authors of the current study to
express the different exposure levels:

AR ( P(RR,-1) ) 0
~ | BRR-1)+1

where: AF = attributable fraction; i = different
noise exposure levels used in the study; P; = prev-
alence of workers exposed to noise level i in the
source population; RR;=work accidentincidence
rate ratio (relative risk), comparing workers ex-
posed to noise level i and workers unexposed to
occupational noise in the source population.

The prevalence rates of workers exposed to
noise level i in the source population were esti-
mated by the prevalence rates of these workers
observed among the controls in the study. The
relative risks (RR;) were estimated by the respec-
tive odds ratios (OR) obtained in the case-control
study as cited above.

Calculation of confidence intervals for the
attributable fraction used a log transformation
proposed by Walter 26, adapted by the authors of
the current study:

@

exp

where: AF = attributable fraction; i = differ-
ent levels of noise exposure used in the study;
Z1.q/2 = 100(1-a/2)0 percentile of the standard
normal distribution; n; = number of cases ex-
posed to noise level i; n, = number of cases un-
exposed to noise; n = total cases; m; = number of
controls exposed to noise level i; my, = number of
controls unexposed to noise; m = total controls.

The study was approved by the Institutional
Review Board of the Botucatu School of Medi-
cine, Sdo Paulo State University.

Results

The data were collected on all workdays from
May 16 to October 29, 2004, totaling 600 cases
and 822 controls.

Table 1 shows the age distribution of all the
work accident cases, emphasizing that more
than 53% occurred in young adults (< 30 years),



with 12% among individuals 20 years or younger.
Young workers also comprised the majority of the
controls.

Table 2 shows the distribution by occupation-
al group 19 among cases and controls.

The most frequent accidents were blunt in-
juries (46.82%), followed by sprains (14.88%),
sharp/blunt injuries (10.36%), and fractures
(9.03%), affecting mainly the hands (36.63%),
feet (18.39%), upper limbs (14.71%), lower limbs
(14.04%), and spinal column (9.36%). The imme-
diate causes of the accidents were mostly related
to machinery and equipment (23.74%), falling
objects (23.57%), excess effort or weight (13.04%),
and falls (8.53%).

Table 1

WORK ACCIDENTS RELATED TO OCCUPATIONAL NOISE EXPOSURE

Applying the above-mentioned multivari-
ate logistic model, the variables “worker reports
medium-intensity noise at work” and “worker
reports high-intensity noise at work” appeared
as risk factors for work accidents, with adjusted
ORs 0f 1.630 (p = 0.0037; 95%CI: 1.172-2.268) and
2.294 (p < 0.0001; 95%CI: 1.513-3.479), respec-
tively. Table 3 shows the statistics obtained by this
adjustment.

No statistically significant interaction term
was observed (o = 0.05) among the selected vari-
ables. Analyzing the adjustment residues, no
violations were observed in the logistic model’s
premises. All of the analyses used SAS, version
9.1.3 (SAS Institute, Cary, USA).

Distribution of work accident cases and controls by age in a case-control study on occupational noise

and work accidents. Piracicaba, Sdo Paulo State, Brazil, 2004.

Age (years)

Proportion of cases

Proportion of controls

n % n %
15-20 73 12.2 73 8.9
21-30 249 415 343 4.7
31-40 130 21.7 233 28.3
41-50 114 19.0 133 16.2
51-60 34 5.7 40 4.9
Total 600 100.0 822 100.0

x2=11.727;df =4;p=0.019.

Table 2

Distribution of cases and controls according to occupational group in a case-control study on occupational noise and work

accidents. Piracicaba, Sdo Paulo State, Brazil, 2004.

Occupation

Proportion of cases

%

Proportion of controls

%

Managers 3
Scientists 7
Technicians 15
Administrative 27
Services 130
Agriculture 6
Blue collar 349
Maintenance 46
Other 3
N.A. 14
Total 600

0.5 14 1.7
1.2 33 4.0
2.5 57 6.9
4.5 64 7.8
21.7 217 26.4
1.0 14 1.7
58.2 343 41.7
7.7 53 6.4
0.5 16 1.9
2.3 11 1.3
100.0 822 100.0

x2 = 65.310; d.f. = 9; p < 0.001.
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Table 3

Statistics obtained from multivariate logistic analysis in a case-control study on occupational noise and work accidents.
Piracicaba, Sdo Paulo State, Brazil, 2004.

Variable Estimated [} parameter P OR (95%Cl)

Age -0.0059 0.3197 0.994 (0.983-1.006)
Worker reports low-intensity noise at work 0.2856 0.1089 1.331 (0.938-1.887)
Worker reports medium-intensity noise at work 0.4888 0.0037 1.630(1.172-2.268)
Worker reports high-intensity noise at work 0.8303 < 0.0001 2.294 (1.513-3.479)
Technicians * -0.0466 0.9288 0.954 (0.343-2.653)
Managers * -0.1337 0.8635 0.875 (0.191-4.013)
Administrative * 0.4107 0.4025 1.508 (0.576-3.945)
Agriculture * 0.2177 0.7434 1.243 (0.338-4.579)
Maintenance * 0.8777 0.0686 2.405 (0.935-6.187)
Blue collar * 0.9747 0.0287 2.650 (1.107-6.348)
Services * 0.6261 0.1668 1.870 (0.770-4.544)
Schooling (years) -0.08%94 < 0.0001 0.922 (0.889-0.956)

X2 goodness of fit = 98.6564; d.f. = 12; p < 0.0001.
* Major occupational groups, Brazilian Classification of Occupations 21.

Of the 600 cases analyzed, 260 reported expo-
sure to medium-intensity and 103 to high-inten-
sity noise. Among the 822 controls, 313 and 79 re-
ported exposure to medium- and high-intensity
noise, respectively. When these results were ap-
plied to equation (1), the attributable fraction of
work accidents in Piracicaba related to medium-
and high-intensity occupational noise exposure
was 0.3041 (95%CI: 0.2341-0.3676).

Discussion

Piracicabais located in the State of Sdo Paulo and
has a current population of some 345 thousand.
It is a major industrial and agricultural center in
the interior of the State, with an important indus-
trial complex, including metallurgy, mechanics,
paper, food processing, and agribusiness.
Attributable fraction informs the fraction of
all cases of a disease or injury in the study popu-
lation that is attributable to a given exposure or
set of exposures. As an epidemiological concept,
it relates the relative risk of a disease or injury to
the prevalence of the exposures believed to be
causally related to it. It is usually interpreted as
the percentage of cases (e.g., accidents) occurring
in a population that would have been avoided if
the exposure to a causal factor (in this case noise)
were eliminated 27. This explains its usefulness
in public health, particularly when choosing be-
tween alternative strategies for preventing 27 and
controlling the exposure. The concept emerged
in 1953 28 with the term “attributable risk”, and
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its properties were studied by Walter 26 in 1975.
However, the expression “attributable risk” came
to be used to designate the difference between
incidences of exposed and unexposed popula-
tions 29,30, In the current paper, we thus prefer the
term “attributable fraction”, first used by Walter 31
in 1976. The same concept has also been referred
to by Cole & MacMahon as population attribut-
able risk percent 32, by Miettinen 33 as etiological
fraction, and by Greenland & Robins 34 as excess
fraction.

In practice, occupational noise exposure is
known to occur at different levels, depending on
each worker’s occupational specificities. Since it
is impossible to obtain a refined measurement
of noise exposure for each worker studied here,
the authors chose to use the workers’ perception
of their exposure, categorized in four levels. This
approach resulted in three estimates for work
accident risk, as a function of the level of noise
exposure reported by the worker, using non-
exposure as the baseline level in all cases. That
is, ORs equal to 1 (non-significant in relation to
baseline), 1.630, and 2.294, were obtained, re-
spectively, for workers who reported exposure to
low-, medium-, and high-intensity noise.

Originally, attributable fraction is estimated
in relation to a homogeneous exposure 23,2425, In
the current study, the authors chose to estimate
it as the result of the existence of three exposure
levels in the study population, which was done by
generalizing the traditional estimator of attribut-
able fraction 23,2425 to a situation with different
exposure levels.



The use of exposure prevalence (low, medi-
um, and high) in the control group is justified as
an estimator of prevalence in the source popula-
tion, since this is precisely the function of con-
trols in case-control studies 23.

Since this was a hospital-based case-control
study in which cases occurred at an annual in-
cidence rate of 3.3% in the source population 17
and work accidents are thus a rare event (i.e., in-
cidence < 10% per year 20,23), the use of OR is jus-
tified as an estimator of relative risk (RR) 35, used
in obtaining the attributable fraction.

The study estimated that 30.4% of work ac-
cidents were attributable to occupational noise
exposure in Piracicaba in 2004. This means that
nearly one-third of work accidents in Piracicaba
would be averted if workers’ exposure to noise
were eliminated, assuming that this is one of the
causal factors of work accidents. Verification of
this condition is a complex and difficult task 36,37.

The statistical association shown here be-
tween occupational noise and work accidents has
also been identified by other authors 9,10,11,12,13,14,
which speaks in favor of the existence of a causal
relationship between these two variables. Howev-
er, itisimportant to note that noisy environments
can (and usually do) contain other occupational
risks for accidents besides noise per se. Thus, the
relationship between noise and accidents could
represent a bias. However, the risk estimate used
to calculate the attributable fraction in the logis-
tic analysis was controlled for gender, age group,
schooling, and major occupational group, among
other variables. This was a strategy to at least par-

Resumo

O ruido é o mais freqiiente dos agentes de exposi¢dao
ocupacional. Pode proporcionar o desenvolvimento
de disfungoes auditivas e extra-auditivas, bem como o
aumento do risco para acidentes do trabalho. O obje-
tivo deste estudo foi estimar a fragdo de acidentes do
trabalho atribuivel a exposic¢do ocupacional ao ruido,
ocorridos em uma cidade de porte médio localizada
no Sudeste do Brasil. A partir de um estudo caso-con-
trole de base hospitalar, com 600 casos e 822 controles,
obtiveram-se os odds ratio de acidentes do trabalho
controlados para diversas covaridveis, relacionando
trabalhadores expostos ao ruido em quatro niveis, bem

WORK ACCIDENTS RELATED TO OCCUPATIONAL NOISE EXPOSURE

tially control for the possible confounding arising
from the lack of comparability between cases and
controls in relation to other known occupational
risks besides noise.

Another important issue in evaluating cau-
sality is so-called plausibility. It appears quite
plausible that noise acts as a causal factor for
accidents, since it creates communications diffi-
culties for workers (in the detection, discrimina-
tion, location, and identification of sound sourc-
es, as well as in speech intelligibility) 11,38, main-
tenance of attention and concentration 39,40,
and memory 39, in addition to stress 10,41,42 and
excessive fatigue 4041. These factors are known to
be involved in the genesis of work accidents.

Breslow & Day 25 recommend that in the ab-
sence of evidence on causality, a cautious inter-
pretation of attributable fraction be the propor-
tion of cases explained by the exposure, where
the term explained is used in the strict sense of
statistical association.

Work accidents constitute an important pub-
lic health problem worldwide, regardless of the
country’s degree of development. Despite the
name, they are not “accidental” events 43, but so-
cially determined phenomena 44, and are thus
preventable. The attributable fraction estimated
in this study justifies investment in hearing con-
servation programs focusing on the control of
noise emissions at the source, aimed not only at
maintaining healthy hearing but also decreasing
workers’ accident-proneness. Achieving this re-
duction will provide more evidence of the causal
relationship between noise and accidents.

como da prevaléncia destas exposicoes. Com estes re-
sultados, estimou-se a fragdo atribuivel como 0,3041
(IC95%: 0,2341-0,3676), 0 que equivale a dizer que
mais de 30% dos acidentes do trabalho ocorridos nesta
localidade sao estatisticamente associados a exposi¢do
ocupacional ao ruido. Discute-se a causalidade dessa
relagdo e suas implicagoes para a prevengdo dos aci-
dentes do trabalho.

Ruido Ocupacional; Acidentes de Trabalho; Risco Atri-
buivel
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