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CORRELATION BETWEEN AUDIOMETRIC PROFILE,
AGE AND WORKING TIME IN BUS DRIVERS

Correlacao entre o perfil audiométrico, idade
e o tempo de atividade em motoristas de 6nibus
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ABSTRACT

evaluation of each worker.

Purpose: to relate the audiometric profile of bus drivers with age and time activity. Method: this is a
retrospective Cohort study, individual, comparative, using data from the audiological evaluation of bus
drivers in Porto Alegre and its metropolitan area. Results: there were 1113 drivers with an average of
40.33 years and average service time of 4.16 years. Bilateral sensorineural hearing loss were found
in the range of 3 to 6 KHz, with a trend of biggest change in hearing thresholds for the left ear in the
range from 05 to 2 KHz. Workers with more time of service and age were the most affected, mainly
in the range of high frequencies. Conclusion: there was a worsening in hearing thresholds at high
frequencies in relation to time of service when comparing the results between the first and the last
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INTRODUCTION

Hearing is one of the most important senses for
the psychosocial development of human beings,
and every situation that may compromise it should
be carefully studied.

Noise is characterized as the absence of wave
periodicity, when frequency and its components
do not have harmonic relationships'. Noise at high
sound pressure levels (HSPL) causes discomfort
and/or intolerance and may provoke hearing
impairment.
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Hearing loss induced by high sound pressure
levels (HLIHSPL) related to work is the gradual
decrease of hearing acuity resulting from the
continuing exposure to high levels of sound
pressure 2'2. HLIHSPL is characterized by altera-
tions in the external hair cells of the organ of Corti,
which are sensitive to strong and prolonged sound
pressures, resulting in irreversible hearing impair-
ments, tinnitus and even dizziness, because of the
proximity between the cochlea and the vestibular
system. Therefore, alterations in the hearing
thresholds are sensorineural, initially affecting one
or more frequencies of the 3-6 KHz range 7. On
the other hand, higher and lower frequencies may
take longer to be affected, according to the continuity
of exposure; once the exposure to noise is discon-
tinued, the process of hearing reduction ceases .
Therefore, the impairment is usually proportional
to time of exposure to noise °, although there are
subjects that, being more susceptible to high sound
pressure levels, have reduced hearing acuity even
with a short period of exposure °.

A study has reported that 110 million people are
currently exposed to high levels of sound pressure,
and 25% of the world population has some level of
HLIHSPL 2.
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After the implementation of the Regulation Norm
nr.7 (NR7) in 1996, concerns with workers’ health
have grown. Thus, it is necessary that professionals
and employers can obtain more information about
such disease in order to reduce its incidence or
mitigate its effects ©.

HLIHSPL is the second most common pathology
of sensorineural hearing loss in adults, following
presbycusis. Age is an important variable to be
considered. Other studies have evidenced that
aging is likely to cause some kind of hearing
loss 2. 2025 Presbycusis is characterized by
hearing decline due to the aging process. Clinically,
it has been addressed as a common type of hearing
loss caused by cochlear degeneration, which
mainly affects the basal portion of the cochlea, thus
hindering auditory perception of high frequencies as
it occurs in HLIHSPL 192629,

Besides being frequently exposed to noise
produced by the road traffic (car horns, engines
and exhaust systems), drivers are also exposed to
other conditions, such as climate, relationship with
commuters and great responsibility, which lead to
stress. This may cause health problems and poor
professional performance 3°3'. Furthermore, front-
engine buses are still common and may be even
more harmful to hearing.

The aim of this study was to relate bus drivers’
audiometric profile to the age and working time
variables.

METHOD

The present research was evaluated by the
Committee of Ethics of CEFAC, and approved under
the protocol number 105/10 on October, 20" 2010.
It is a retrospective, individual, comparative cohort
study. The factor considered is workers subject to
noise, and the results are the possible variations in
the audiometric threshold in bus drivers.

Research data consisted of both the reference
audiometric test and the last sequential audiometric
exam of 1113 bus drivers working in Porto Alegre
and surrounding areas. In this population study,
data were obtained from an existing database
of a medical clinic with 36 years of experience in
Occupational Medicine in Porto Alegre. All drivers
from the database provided by the clinic were
included, totalizing 1113 participants.

The variables of this study are the auditory
thresholds, working time and age.

Audiometric tests were performed by the
speech and language pathologist working at the
clinic, following the occupational anamnesis and
the inspection of the external acoustic meatus. Air
conduction laminar tone audiometry was performed
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in 0.5 — 8 KHz frequencies. In case of alteration,
bone conduction audiometry was also performed
in 0.5 — 4 KHz. To carry out these procedures, an
audiometer properly calibrated was used, respecting
the worker’s auditory resting time of 14 hours in all
examinations.

The analysis related to the variation of audio-
metric thresholds was carried out from the following
tonal means: 0.5 to 2 KHz and 3 to 6 KHz.

For the statistical analysis, the computational
program SAS System for Windows (Statistical
Analysis System) version 8.02 was used.

To describe the sample’s profile according to
the variables under study, frequency tables of the
categorical variables (gender, occupation and
others) were created, with absolute frequency
values (n) and percentage (%), and descriptive
statistics of continuous variables (age, working time,
audiometric thresholds, and others), with mean
values, standard deviation, minimum and maximum
values, median and quartiles.

For comparison of the categorical variables
between groups, the chi-square test was used or,
if necessary, Fisher's exact test for the presence
of expected values below five. To compare the
numerical variables between three or more groups,
the Kruskal-Wallis test was applied; to analyze the
relationship between the numerical variables, the
Spearman’s correlation coefficient was employed
due to the absence of normal distribution of the
variables.

To study the variation of audiometric thresholds
between the initial and final measures, the differ-
ences between values were estimated; the Wilcoxon
test was used for related samples, and the McNemar
test was used for categorical variables. Next, delta
values of the thresholds were compared to the
other variables using the tests above. The results
of the audiometric variation were also classified as
worsening and non-worsening between the groups.

The level of significance adopted for the statis-
tical tests was 5%, i.e. p<0.05.

RESULTS

Concerning the characteristics of the population
studied, it was observed that the mean age of the
participants in this study was 40.33, with standard
deviation of 9.61; the minimal age found was 19,
and the maximum was 68.

Out of the 1,113 participants, one was younger
than 20 years (0,09%); 155 were between 20 and
29 years (13.93%); 393 between 30 and 39 years
(35.831%); 336 between 40 and 49 years (30.19%);
200 between 50 and 59 years (17.97%); and 28
participants were over 60 (2.52%).



In order to facilitate the analysis, the population
was divided into working time ranges. From the total
of participants, 185 had worked as bus drivers for
less than 1 year (16.62%); 650 had been bus drivers
from 1 to 5 years (58.40%); 172, from 6 to 10 years
(15.45%); 67, from 11 to 15 years (6.02%); 24, from
16 to 20 years (2.16%); and 15 participants had
more than 20 years of experience as bus drivers
(1.35%). The mean working time was 4.16 years,
and the maximum was 33 years, showing high
variability in terms of working time.

The time period between the reference audio-
metric test and the audiometric exam performed for
this study, i.e. the sequential audiometric test, was
also divided into ranges. Of the total of participants,
280 (25.16%) had undergone the initial audio-
metric evaluation less than one year before the
sequential exam performed for data collection in
this study; a period from one year and one month
to two years had passed between the two exams
for 283 (25.43%) participants; the reference exam
of 161 (14.47%) workers had been performed from
two years and one month to three years before the
sequential audiometric test; 153 (13.75%) drivers
had not undergone an audiometric test in a period
from three years and one month to four years; and
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the last audiometric exam of 81 (13.3%) participants
had been performed in a period from four years and
one month to five years before the sequential test.
Information about seven participants was not found
in the database. The mean time between exams
was 2.56 years, and the maximum time was 10.8
years.

Figure 1 shows the mean variation of audiological
thresholds, considering the tritonal means studied.
In the 0.5 — 2 KHz range in the right ear, a mean
of 8.81 dB (hearing level — HL) was obtained in the
reference audiometric test, and 8.92 dB (HL) in the
final audiometric exam. In the same range, in the left
ear, the mean of 8.59 dB (HL) was obtained from
the reference audiometric testing, and 7.98 dB (HL)
in the last sequential audiometric test. In the range
from 3 to 6 KHz in the right ear, the mean in the
reference audiometric test was 16.32 dB (HL), and
17.12 dB (HL) in the sequential audiometric exam.
In the same range in the left ear, a mean of 16.99
dB (HL) was obtained in the reference audiometric
exam and 18.08 dB (HL) in the final audiometric
test. Therefore, increased auditory thresholds were
observed for the audiometric range between 3 and
6 KHz.
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Figure 1 — Variation of the audiometric thresholds considering the means of 0.5 -2 KHz and 3 — 6 KHz
(mean), in the Right Ear (RE) and in the Left Ear (LE). n=1.113
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Figure 2 shows the frequency of participants
whose audiometric thresholds were analyzed in a
categorized way (above 25 dB (HL)), considering
the means of 0.5 — 2 KHz and 3 — 6 KHz for both
ears. In the 0.5 -2 KHz range in the right ear, 3.59%
of participants had hearing loss in the reference
audiometric exam, and 3.68% in the final audio-
metric test. With regard to the same range in the left
ear, 2.25% of the participants had hearing loss in

Audiometric Threshold
Frequency > 25 dB(%)

,

the reference audiometric exam, and 2.61% in the
final exam. Considering the range from 3 to 6 KHz in
the right ear, 15.45% of the participants had hearing
loss in the reference audiometric test, and 18.33
% in the sequential test. In the same range for the
left ear, 18.42% of participants had their examina-
tions altered in the reference audiometric test and
21.83% in the final audiometric evaluation.
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Figure 2 — Frequency of participants whose audiometric thresholds were analyzed in a categorized
way (>25dB), considering the mean of 0.5 — 2 KHz and 3 — 6 KHz in the Right Ear (RE) and in the Left

Ear (LE)

Table 1 shows the variation of the audiometric
thresholds between the first and the last audiometric
exams considering the means studied of 0.5 — 2
KHz, and 3 — 6 KHz for both ears. In the right ear,
there was no statistically significant difference for
the 0.5 — 2 KHz range (p=0.125). For the 3 -6 KHz
range, there was a statistically significant difference
(p=0.001).

For the left ear, there was also a statistically
significant difference in both frequency ranges
(p<0.001).
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Table 2 shows that there was a significant corre-
lation between age and the audiometric thresholds.
The higher thresholds were found in older partici-
pants for the ranges analyzed (0.5 — 2 KHz and 3
— 6 KHz).

It is also possible to visualize the significant
correlation between working time and audiometric
thresholds, mainly in high frequencies (3 — 6 KHz).

Figure 3 shows the frequency of worsening in the
audiometric threshold by age considering frequency
ranges and ear. Results show greater hearing loss
in the 3 — 6 KHz range in older individuals.
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Table 1 — Variation of the audiometric threshold between the first and the last audiometric exam

(n=1113)
Audiometric Mean
Variable Initial Final SD p value *
RE -0,5a2KHz 8.81 8.92 6.78 p=0.125
LE-0,5a2KHz 8.59 7.98 6.14 p=<0.001
RE -3 a6 KHz 16.32 17.12 7.73 p=0.001
LE-3a6KHz 16.99 8.11 8.11 p=<0.001

* p value refers to the Wilcoxon test for related samples to compare the initial and the final audiometric exams.

SD - standard deviation, RE — right ear, LE — left ear.

Table 2 — Correlation of age and working time to the audiometric thresholds

0.5 - 2 KHz Range

3 - 6 KHz Range

RE LE RE LE
Initial Final Initial Final Initial Final Initial Final
Age r 0.2509 0.2393 0.2434 0.1921 0.4476 0.4795 0.4186 0.4811
p <.0001 <0.001 <.0001 <.0001 <.0001 <0.0001 <.0001 <.0001
Working r 0.1241 0.028 0.0912 0.0147 0.1392 0.1428 0.098 0.13946
Time p <.0001 0.3479 0.0023 0.6249 <.0001 <.0001 0.0012  <.0001

* r = Spearman’s correlation coefficient; p = value<p, n = number of subjects (n=1113), RE —right ear, LE — left ear

1 <30 years
I 30-39 years
I 40-45 years

B 50 years

2.0-8.0 KHz
RE LE

2.0-8.0 KHz

Figure 3 — Frequency of worsening in the audiometric threshold by age considering frequency range
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DISCUSSION

Mean age of the population studied was 40.33
years, similarly to a research with young adult
workers whose age ranged from 30 to 49 years
old 7.

It was possible to notice high variability of working
time in the population of drivers; the mean working

time was 4.16 years. This data was observed in a
research whose population had less than six years
of work experience 7. Maybe this is due to the great
responsibility and poor living quality of these profes-
sionals, leading to stress *.

In this study, Figure 1 shows the highest
threshold increase in the 3 — 6 KHz range, in both
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the right and the left ear, thus confirming one of the
characteristics of HLIHSPL3®4252°,

Greater hearing loss was seen in the 3 — 6 KHz
frequency range in both ears, and the difference
between the initial and the final auditory threshold
was higher in that frequency range and in the left
ear. Other studies also found higher thresholds for
the left ear 431,

Another aspect to be highlighted is the variation
of the audiometric thresholds between the first
and the last audiometric test. This variation was
not significant in the right ear in the 0.5 — 2 KHz
range, but there was significance in the other
ranges. Such finding indicates greater progression
of the thresholds in the high frequencies. This is
in accordance with the findings of other studies of
HLIHSPL#*23,

In this study, age and working time were
associated with the alterations in the auditory
thresholds. Mean working time of the workers was
4.16 years. Another study observed high employee
turnover evidenced by low working time means,
indicating that the working time in a company did
not correspond to the time of exposure to noise
21 Besides, in the present study, it has been seen
that the time of exposure to noise contributes to
the occurrence of hearing losses, in the same way
as older age is also a predictive factor for hearing
decline; such finding has been corroborated by the
literature 272224 with the prevalence of HLIHSPL
increasing with age.

Another point to be considered is the narrow
relationship existing between age and working time
or exposure, since a worker who dedicates a long
period of his life to work in noisy environments will
probably have his hearing acuity diminished. This
may be related either to the exposure to occupational
noise or to the incidence of presbycusis 7112224,

Presbycusis is one of the most frequent causes of
hearing loss in adults, prevailing in high frequencies;
its evolution acquires aspects of high severity when
itis preceded by a work life of exposure to noise. The
present study did not verify the possible correlation
between working time and the degree of hearing
loss, an aspect that depends on the variations of
sound pressures and time of exposure to noise 2627,

Regarding the frequency of worsening in the
audiometric thresholds, a higher increase was seen
in older individuals in the 3 — 6 KHz frequency range,
a finding that is in agreement with the literature>?,
and in the left ear, as another study has shown?.
This may be due to the fact that the driver’s left ear
is directed to the traffic noise.

Workers older than 50 years showed better
results in the 0.5 — 2 kHz range than workers
younger than 49. However, no studies explaining
such fact have been found.

The results obtained evidence work condi-
tions that harm these professionals’ physical and
mental health, such as daily exposure to traffic,
mainly in the rush hours, fatigue and concern with
the commuters’ safety. This indicates a need for
the implementation of preventive actions that offer
better work conditions, since these professionals
are very important to the community and the welfare
of users of collective transportation means depends
on them.

CONCLUSION

Worsening of hearing thresholds in high
frequencies was observed in relation to working time
when the results of the first and the last sequential
audiometric exams of each worker were compared.

RESUMO

primeira e ultima avaliacdo de cada trabalhador.

Objetivo: relacionar o perfil audiométrico dos motoristas de 6nibus com as variaveis idade e tempo
de atividade. Método: foi realizado um estudo de Coorte retrospectivo, individual, comparativo, uti-
lizando dados da avaliagdo audioldgica de motoristas de 6nibus de Porto Alegre e regiao metropo-
litana. Resultados: foram avaliados 1113 motoristas com média de 40,33 anos de idade, e média
de tempo de servico de 4,16 anos. Observou-se perda auditiva neurossensorial bilateral na faixa de
3 a 6KHz, com tendéncia de maior alteracdo dos limiares auditivos para a orelha esquerda na faixa
de 0,5 a 2 KHz. Os trabalhadores com mais idade e tempo de servico foram os mais afetados, prin-
cipalmente na faixa de frequéncias altas. Conclusao: observou-se uma piora nos limiares auditivos
em frequéncias agudas em relagdo ao tempo de servico quando comparados os resultados entre a

DESCRITORES: Perda Auditiva; Ruido Ocupacional; Saude do Trabalhador
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