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ABSTRACT
Background: Road traffic noise is a major cause of noise pollution, especially in large cities.

Various studies have shown the health compromises in drivers, since the duties of
professional drivers is of great responsibility. The professional bus drivers who drive the
buses at the busy traffic lanes are always at a risk of exposure to high levels of noise due to
traffic congestion along roadside. Hence, this study was done on bus drivers in western Uttar
Pradesh as they were more vulnerable to the health hazards of noise pollution. Hearing loss
was assessed by audiometry test in bus drivers and was compared with the individuals
employed in office jobs. Material and Methods: The present study was carried out in the
Department of ENT Head & Neck Surgery, GIMS Greater Noida, after obtaining the IEC
approval. Two groups were studied in the present study which included “Test Group” (Bus
drivers) and “Control group” (age matched males working as staffs, clerks or office assistants
within the hospital and college premises). The minimum sample in each group was 250. The
subjects were enrolled in the study using consecutive sampling method. The data was
collected in the pre-structured questionnaire. The audiometric analysis using a GLOBAL
REAL audiometer by an experienced audiologist, who will be unaware of the subject’s
hearing status and was done to assess the degree and the type of the hearing loss for both
groups. The classification into conductive and sensorineural hearing impairment was done on
the basis of audiometry. The hearing impairment was expressed in terms of percentage using
method used in India. Independent T Test and Chi square test were done for Intergroup
comparison. Results: In present study, 12.5% bus drivers had mean hearing loss > 25 dB in
the age group of < 30 years, 27.8% bus drivers in the age group of 31- 40 years showed
mean hearing loss > 25 dB, about 68.8% drivers in age group > 50 years showed hearing loss
> 25 dB, All >25db. Please see a statistically significant difference in the hearing threshold
levels in both right and left ears of bus drivers (test group) and office workers (control group)
at frequencies of 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 3000 Hz, 4000 Hz, 6000 Hz, and 8000
Hz. The difference in the hearing loss of test group and control group was statistically
significant across all the three age groups and overall, in all age groups. Conclusion: It was
seen in the present study that bus drivers (test group) who were exposed to louder noise had
more sensorineural hearing loss than the office workers (control group). These results shall be
used to implement educational measures and / or preventive in this population.

932



Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 VOL13, ISSUE 05, 2022

Keywords: Acoustic traumatic injury, Occupational hearing loss, Noise-induced hearing
loss, Audiometry, Drivers.

INTRODUCTION
Occupational hearing loss includes acoustic traumatic injury (acoustic trauma) (definition -

Permanent damage to hearing can be caused by a single brief exposure to very intense sound
without this being preceded by a temporary threshold shift). Also called impulse noise, such
noise can arise from an explosion, gun fire or a powerful cracker and may reach or cross 140
dB. Noise-induced hearing loss (NIHL) (Definition- NIHL follows chronic exposure to less
intense sounds than seen in acoustic trauma and is mainly a hazard of noisy occupations), and
can be defined as a partial or complete hearing loss in one or both ears as the result of one’s
employment.[ Hearing loss associated to work in noisy surroundings has been the interest of
studies in the field of public health that affect communicative skills and quality of life of
workers. Noise induced hearing loss is an occupational disease of high prevalence.

Nearly 10% of the world population is known to be suffering from hearing loss because of
exposure to very loud noise.®l NIHL is characterized by sensorineural hearing loss,
irreversible, almost always bilateral and symmetrical, manifesting itself first in 6000 Hz,
4000 Hz and / or 3000Hz, extending up to frequencies of 8000 Hz, 2000 Hz, 1000 Hz, 500
Hz, 250 Hz and progressive in character, but preventable.[*!

Road traffic noise is a major cause of noise pollution, especially in large cities. Various
studies have shown the health compromises in drivers, since the duties of professional drivers
is of great responsibility. The professional bus drivers who drive the buses at the busy traffic
lanes are always at a risk of exposure to high levels of noise due to traffic congestion along
roadside.!

Studies have shown that long term exposure to loud noise affects the hearing capacity of
drivers eventually resulting in hearing loss and a decrease in their work performance.[®7¢]
The lifetime risk of developing NIHL is 8% at 85 dB(A) and 25% at 90 dB(A).[¥ As early
hearing loss usually does not accompany complaints of hearing loss, audiometry is the most
efficient method for diagnosing and screening of NIHL.! The pure-tone audiometry
screening test usually performed by audiometers, and this test have become the standard
method for measuring hearing ability.[*"]

Impairment of hearing at high frequencies will initially cause a loss of clarity in perceived
speech and then interfere with daily activities as hearing loss progresses. Hearing loss-related
symptoms, such as trouble in normal and telephone conversation, turning up the
radio/television volume and tinnitus, usually occur in the early stages of NIHL. The risk of
hearing loss and injury to the ears increases with the sound intensity, the length of time an
employee is exposed to noise and the individual susceptibility to NIHL. In India,
occupational permissible exposure limit for 8 h time weighted average is 90 dB.[*!]
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Permissible exposure in cases of Permissible limits of noise as per the noise
continuous noise or a number of short- pollution (regulation and control) rules
term exposures (Govt. of India, 2000, Ministry of environment and forest,
Ministry of labor, Model rules under Govt. Of India
factories act 1948 (Corrected up to Zone/Area | Day (6 am Night (10
31.3.87) to 10 pm) | pmto 6 am)
Noise level Permitted daily Limits in Limits in
(dBA) exposure (h) dB(A) Leq | dB(A) Leq

90 8.0

92 6.0 Industrial 75 70

95 4.0 Commercial 65 55

97 3.0 Residential 55 45

100 2.0 Silence 50 40

102 11/2 Leq = Energy mean of noise level over a

105 1.0 specified period.

110 1/2

115 Ya

Western Uttar Pradesh is currently facing the problem of increasing noise pollution due to the
growing population and industrialization. Hence, this study was done on bus drivers in
western Uttar Pradesh as they were more vulnerable to the health hazards of noise pollution.
Hearing loss was assessed by audiometry test in bus drivers and was compared with the
individuals employed in office jobs.

MATERIAL & METHODS
The present study was carried out in the Department of ENT Head & Neck Surgery, after

obtaining the approval of GSRC & GIMS Institute Ethics Committee (GIEC). The present
cross-sectional comparative study included bus drivers without ear complaints who were
referred to GIMS Greater Noida to obtain their medical certificate from September to
November 2019 and provided their consent for participation in the study. Subjects with
previous history of any ear disease; suffering from auditory impairment; family history of
hearing defects; using hearing protective equipment; service period of less than 10 years; and
having conductive or mixed hearing loss were excluded from the study. Two groups were
studied in the present study which included “Test Group” (Bus drivers) and “Control group”
(age matched males working as staffs, clerks or office assistants within the hospital and
college premises). It is reasonable to assume that aging makes some contribution to loss of
hearing in people exposed to excessive noise, so that the hearing threshold would increase
with age. The effect of aging on hearing thresholds has been reported long ago.l?
Adjustment was needed about aging to clearly determine if work duration as a contributing
variable was having any effect on hearing threshold level. The international standard
organization equation (ISO-7029) was used to carry out these adjustments.

The sample size was calculated according to Patwardhan et al., study™3l, where prevalence of
noise induced hearing loss among workers was 89%. According to the sample size formula:
n= {(Z*2)*p*(1-p)}ME*ME and considering Z=1.96, p=0.89 (89%), 1-p = 0.11 (11%), ME
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= 0.09, the minimum sample size was calculated as 230. Considering dropout rate as 10% for
missing data and lost follow up of patients, the final sample size calculated was 250, so the
minimum sample in each group was 250. The subjects were enrolled in the study using
consecutive sampling method.

The data was collected in the pre-structured questionnaire. The basic hearing test for both
groups included pure tone audiometry. After local ENT examination, audiometry was done
by using a GLOBAL REAL audiometer by an experienced audiologist, who was unaware of
the subject’s hearing status. The hearing thresholds of air and bone conduction of both ears
were obtained at frequencies of 250, 500, 1000, 2000, 4000, 6000 and 8000 Hz. Air
conduction was measured by ear phones placed on the ears, while bone conduction was
measured by placing a vibrator in contact with the skull on the mastoid bone behind the ears.
Each ear was evaluated separately and test results are reported on a graph known as an
audiogram

The audiometric analysis was done to assess the degree and the type of the hearing loss.
Hearing was considered as normal when pure-tone audiometry (PTA) was between 0-25 dB,
mild hearing loss was considered when PTA will be 26-40 dB, moderate hearing loss at PTA
41-55 dB, moderate— severe hearing loss at PTA 56-70 dB, severe hearing loss was PTA
over 71-91 dB, Profound hearing loss when PTA was above 91 dB. The classification into
conductive and sensorineural hearing impairment was done on the basis of audiometry.

The effect of temporary threshold shift (TTS) was controlled by considering 16 hours interval
between any exposure to noticeable noise and pure tone audiometry. Before test, the subjects
were clearly instructed about the test procedure and necessary information was logged by
audiometric technician. The hearing impairment was expressed in terms of percentage using
method used in India. The percentage handicap of an individual is calculated using the
formula: (Better ear % x 5) + (worse ear %) divided by 6.4

Formula

(i) Take an audiogram and calculate the average of
thresholds of hearing for frequencies of 500, 1000
and 2000 Hz say = A.

(ii) Deduct from it 25 dB (as there is no impairment
up to 25 dB), i.e. A — 25.

(iii) Multiply it by 1.5, i.e. (A — 25) x 1.5.

This is the percentage of hearing impairment for that
ear. Similarly calculate the percentage of hearing impair-
ment for the other ear.

Total percentage handicap of an individual

_ (better ear% X 5) + worse ear%
6

Statistical Analysis

Data was tabulated in MS Excel and analysed using SPSS Ver 23. Descriptive statistics were
done for scale data, Frequencies were done for ordinal data. Independent T Test and Chi
square test were done for Intergroup comparison.

RESULTS
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Table 1. shows that most of the drivers in both groups, that is, in test group and in control
group belong to Hindu by religion (66.0% and 80.0%), were married (74.0% and 76.0%),
were living in nuclear family (62.0% and 64.0%), and were residing in urban areas (82.0%
and 82.0%). The mean age at which subjects in test group and control group started work was
23.91 + 7.63 years and 23.60 + 5.58 years, respectively.

Table 1: Sociodemographic characteristics of test and control groups

Variables Number (%)/ Mean 5D Overall
Test group (n=50) | Control group (n=50)
Age (in years) 34.05+9.42 34.74+8.14 34.82+8.28
Age group (in years)
Age group <30 years 16 (32.0) 15 (30.0) 31 (31.0)
Age group 31-40 years 18 (36.0) 18 (36.0) 36 (36.0)
Age group > 40 years 16 (32.0) 17 (34.0) 33 (33.0)
Religion
Hindu 33 (66.0) 40 (80.0) 73 (73.0)
Muslim 16 (32.0) 10 (20.0) 26 (26.0)
Others 1(2.0) 0 (0.0) 1(1.0)
Education
Iliterate 15 (30.0) 4 (8.0) 19 (19.0)
Primary school 21 (42.0) 13 (26.0) 34 (34.0)
Middle or secondary school 12 (24.0) 25 (50.0) 37 (37.0)
Graduate and above 2 (4.0) 8 (16.0) 10 (10.0)
Marital status
Single 12 (24.0) 12 (24.0) 23 (23.0)
Married 37 (74.0) 38 (76.0) 76 (76.0)
Divorced/Widowed 1(2.0) 0 (0.0) 1(1.0)
Type of family
Joint 18 (36.0) 16 (32.0) 34 (34.0)
Nuclear 31 (62.0) 32 (64.0) 63 (63.0)
Three generation 1(2.0) 2 (4.0) 3(3.0)
Residence
Urban 41 (82.0) 41 (82.0) 82 (82.0)
Rural 8 (16.0) 7 (14.0) 15 (15.0)
Urban slum 1(2.0) 2 (4.0) 3(3.0)
Age at start work (in years) 22.19+6.37 22.06+4.85 22.57+5.86

Table 2. shows that a statistically significant difference in the hearing threshold levels in both
right and left ears of bus drivers (test group) and office workers (control group) at frequencies
of 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 3000 Hz, 4000 Hz, 6000 Hz, and 8000 Hz.

Table 2: Hearing threshold level (in dB) detected by audiometric test at different
frequencies

Mean £SD
Test group (n=50) | Control group (n=50)

Frequency in KHz P-value
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Right ear

0.25 15.32+10.49 6.67+7.86 < 0.0001
0.5 19.07+£11.91 11.37+8.27 0.0003
1 17.02+11.54 9.36+5.39 <0.0001
2 24.37+11.42 13.54+5.34 < 0.0001
3 30.70+£13.87 15.04+6.93 <0.0001
4 33.79+14.32 17.04+6.36 < 0.0001
6 29.73+£16.83 13.08+7.87 <0.0001
8 29.78+18.79 12.76+9.76 < 0.0001
Left ear

0.25 16.38+12.57 10.68+9.04 0.0107
0.5 14.55+11.78 10.04+7.47 0.0244
1 17.04+11.87 12.02+7.63 0.0135
2 22.35+10.42 16.71+5.69 0.0011
3 29.02+13.53 17.09+7.71 <0.0001
4 33.78+14.43 21.30£7.95 <0.0001
6 29.32+16.78 15.38+9.41 < 0.0001
8 31.05+21.15 15.36+12.45 <0.0001

Table 3. shows that the average hearing loss in age group < 30 years in bus drivers (test
group) was 14.32+4.54 dB and in office workers (control group), it was 10.72+3.70 dB.
Subjects belonging to age group 31- 40 years showed an average loss of 18.47+4.38 dB and
11.46+2.57 dB among test group and control group, respectively. Also, the subjects in the age
group of > 50 years showed mean hearing loss of 27.62+7.69 dB and 15.71+6.37 dB among
test group and control group, respectively. The difference in the hearing loss of test group and
control group was statistically significant across all the three age groups and overall, in all
age groups.

Table 3: Comparison of average loss of hearing levels (in dB) in better ear

The average loss of hearing Mean £SD P-value
levels (in dB) in better ear* Test group (n=50) | Control group (n=50)

Age group <30 years 14.32+4.54 10.72+3.70 <0.0001
Age group 31-40 years 18.47+4.38 11.46+2.57 <0.0001
Age group > 40 years 27.62+7.69 15.71+6.37 <0.0001
Overall (in all age groups) 20.51+7.56 12.43+4.97 <0.0001

*At combined frequencies of 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz

Table 4. shows that in test group, about 12.5% bus drivers had mean hearing loss > 25 dB in
the age group of < 30 years, 27.8% bus drivers in the age group of 31- 40 years showed
mean hearing loss > 25 dB, about 68.8% drivers in age group > 50 years showed hearing loss
> 25 dB, while in control group, no subject had hearing loss of > 25 dB in age group of < 30
years and age group of 31-40 years; however, 5.9% drivers in the age group > 50 years had
hearing loss of > 25 dB. There was a statistically significant difference among subjects of test
group and control group in whom average hearing loss was > 25 dB (at combined frequencies
of 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz) in the better ear across all the three age groups
and overall, in all age groups except for the age group < 30 years of age.
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Table 4: Comparison of average hearing loss of > 25 dB in better ear

Average hearing loss of > 25 dB in better Number (%)
ear* Test group Control group P-value
(n=50) (n=50)
Present 2 (12.5) 0 (0.0)
Age group <30 years Absent 14 (87.5) 15 (100.0) 0.156
) Present 5 (27.8) 0 (0.0)
Age group 31-40 years Absent 13 (72.2) 18 (100.0) 0.015
Present 11 (68.8) 1(5.9)
Age group > 40 years Absent 5 (31.2) 16 (94.1) 0.0001
Overall (in all age groups) Present 18 (36.0) L(2.0) =
ge group Absent 32 (64.0) 49 (98.0) 0.0001

*At combined frequencies of 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz

DISCUSSION
Worldwide, 16% of the disabling hearing loss in adults is attributed to occupational noise,

ranging from 7 to 21% in the various sub regions.[!! In present study, about 12.5% bus drivers
had mean hearing loss > 25 dB in the age group of < 30 years, 27.8% bus drivers in the age
group of 31- 40 years showed mean hearing loss > 25 dB, about 68.8% drivers in age group
> 50 years showed hearing loss > 25 dB. The overall hearing loss of > 25 dB among 36.0% of
bus drivers.

In present study, the hearing loss was greatest at 3000 Hz (30.70+13.87 dB) and 4000 Hz
(33.79£14.32 dB) for right ear; and for left ear hearing loss was greatest at 4000 Hz
(33.78+£14.43 dB) and 6000 Hz (31.05+21.15 dB). The study by Alizadeh et al., showed that
hearing loss of heavy-vehicle drivers is greatest at 6000 Hz followed by 4000 Hz.[*®! In an
Indian study conducted in Calcutta, India, on 90 male individuals with similar age, height and
weight, the risk of hearing loss in professional drivers was assessed. The participants were
categorized as drivers with under 10 years of experience, drivers with over 10 years of
experience, and office clerks. Audiometry of both ears was performed at frequencies 125—
8000 Hz. The office clerks were found to have hearing thresholds of under 25 dB at the
mentioned frequencies, while the threshold was over 25 dB for both groups of drivers.
Hearing loss was more prevalent at frequencies of 3000 and 4000 Hz.[¢]

One study in India has identified noise levels in bus cabs of 89-106 dB and observed that
89% of the bus drivers had abnormal audiograms i.e. they had impaired hearing.l**l
Mukherjee et al. investigated some occupational harmful agents (noise, heat, dust and volatile
organic compounds) of bus drivers in Kolkata and indicated that drivers undertaking three
consecutive trips within Kolkata city traffic routes in a special bus have higher noise
exposure than the recommended standard.™™ Previous bus driver noise exposure studies,
generally done in foreign countries, have found bus driver noise exposures routinely above 85
dB with an estimated 12% of employees in transportation services globally regularly exposed
above this level.[**]

We, the human beings, are born with a limited and fixed number of cochlear inner hair cells
and due to exposure to noise, these hair cells attributed to metabolic exhaustion and
degenerate.[*81%201 Degenerated cochlear hair cells do not recover, repair, or regenerate in
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human beings and other mammals. There were considerable efforts made on research to
regenerate the cochlear inner hair cells, either by growth of suitable hormones or genetic cell
differentiation process.l??221 But, the fact remains that once cochlear inner hair cells
damaged by noise exposure, they will not recover and lost forever. Therefore, presently, early
identification and prevention of noise- induced hearing loss is the only viable solution. Our
present study supporting the research literature that effect of noise exposure is cumulative,
results shows that the difference of hearing loss between exposed and unexposed group was
found increasing with years of exposure.

WHO estimated that 466 million persons of the world live with disabling hearing loss in
2018, which is loss unequally distributed all around the world and South Asia is the highest
contributor (27%) and also projected that number of persons with disabling hearing loss
grows with the years, 630 million by 2030 and 900 million by 2050.1241 It is reported that out
of total prevalence of hearing loss in adults worldwide, the occupational noise contributes to
16% (range: 7-21%) of the preventable noise- induced hearing loss.[?%!

Limitations

The drivers might be exposed to noise in other places and activities. As the pre-employment
health certificate examinations were performed 8 years before this study, there might be some
hearing loss before professional driving.

CONCLUSION
It was seen in the present study that bus drivers (test group) who were exposed to louder

noise had more sensory neural hearing loss than the office workers (control group). These
results shall be used to implement educational measures and / or preventive in this
population. Special awareness and preventive programmes need to be conducted for the bus
drivers to enlighten them about the harmful effects of noise pollution on their health and to
stress the importance and need for the usage of protective ear devices. Enhanced bus designs
and better implementation of noise control programmes will also aid in improving their
overall health profile.
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