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Abstract

Background: A large portion of Iranian Working Population (IWP) is becoming at risk of Occupational
Noise-Induced Hearing Loss (ONIHL). Several primary studies have evaluated the prevalence of ONIHL in
Iran with a variety of prevalence rates. We aimed to estimate the prevalence of ONIHL in the IWP using
data from relevant studies.

Methods: The present study is a meta-analysis and systematic review of previously published studies on
ONIHL in Iran. Accordingly, the relevant articles published until Sep 1, 2021 were searched through Pub-
Med, Scopus, and Google Scholar, together with Iranian scientific electronic databases. Heterogeneity be-
tween among the studies and data analysis was assessed using the 12 test and Random-Effect Model (REM)
respectively.

Results: Having performed a quality assessment, the meta-analysis was performed on the data from twenty-
six studies involving a total of 85685 participants. The prevalence of ONIHL was observed to range from
12.9% to 60.5% in the reviewed studies. Moreover, after combining the results from the primary research by
the Random Effects Model (REM) approach, the prevalence of ONIHL among IWP was estimated to be
34.69% (95% CI: 29.10, 40.28).

Conclusion: ONIHL is a significant concern with regard to public and occupational health in Iran. The re-
sults also highlighted the urgent need for taking appropriate preventive and control measures in the work-
places; particularly by encouraging the employers and health-related policymakers to focus on preventive
noise control techniques along with administrative and legislative approaches to mitigate the risk of develop-
ing ONIHL.
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Introduction

Recently, the progress of human societies to- levels of noise particularly in the workplace una-
wards industrialization as well as expanding in- voidable (1). According to the statistics released
dustrial demands for various new products and by the WHO, the daily health related harm
resources, has made the exposure to excessive caused by the noise exposure was around 4 mil-
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lion dollars (2).

In general, the major impacts of exposure to
noise may be categorized into physiological and
psychological effects. While more common phys-
iological effects are considered as increased heart
and respiratory rates, as well as the rise in blood
pressure other general effects such as nausea,
vomiting, and dizziness have been reported in the
literature as well (3).

In terms of the psychological or mental health
effects, industrial workers who are routinely ex-
posed to high levels of occupational noise have
reported experiencing symptoms such as head-
ache, controversy, mood swings, and anxiety.
Other reported effects include a loss of concen-
tration and inability to concentrate. Thus, noise-
induced hearing loss (NIHL) is only one of the
many negative consequences that can result from
prolonged exposure to louder levels of noise.
Other adverse health effects may include disrup-
tion of communication and sleep, distraction, and
a decline in overall workplace productivity (4, 5).
Since NIHL is one of the most frequent types of
sensory impairments, it is regarded as a signifi-
cant public health issue all over the world (4). It
is usually defined as a progressive sensorineural
hearing loss caused by over-exposure to the
noise.

As a subtype of NIHL, occupational noise-
induced hearing loss (ONIHL) is a partial or total
hearing loss which manifests itself in one or both
ears, particularly due to continuous or intermit-
tent noise exposure that often occurs gradually
over several years (5-7). Typically, ONIHL is de-
fined by an inner ear injury, is bilateral and sym-
metrical and affects the perception of upper
range of frequencies at 4 kHz before being ex-
tended to 3 and 6 kHz.

In developing nations, a considerable proportion
of adult hearing loss is attributable to exposure to
occupational noise; hence, ONIHL is one of the
most prevalent occupational illnesses globally
which affects more than 10% of the working
population worldwide (5-8).

ONIHL does not directly cause premature mor-
tality, but does result in remarkable disability.
Additionally, the impacts of occupational noise
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exposure inflict a tremendous financial and ther-
apeutic burden on both the person and society as
a whole.

According to reports, the annual compensation
for the ONIHL in the United States is around
242.4 million dollars (5). Such economic burden
on society is not only extremely high but also is
rising continuously (9). ONIHL may also hinder
interpersonal communication, resulting in in-
creased social stress, low self-esteem, impaired
self-identity, and strained interpersonal relation-
ships (5).

Several variables, such as the type and intensity
(i.e., the sound pressure level) of the noise in the
workplace, the age range and work experience of
the exposed workers, the duration of exposure
and even workers’ personal habits (e.g., smoking
and use of hearing protection equipment) may
impact the incidence of occupational ONIHL
(10, 11). There are several preventable risk fac-
tors for developing ONIHL; hence, its occur-
rence may be avoided by ensuring prompt diag-
nosis and treatment. In other words, although
ONIHL is regarded as one of the ten most de-
bilitating occupational disorders in the world, it is
regarded as potentially preventable. Therefore,
early-stage preventative measures along with
identifying the type of hearing loss and its under-
lying causes, can mitigate the socio-economic
problems associated with the ONIHL (12, 13).
To the best of knowledge, previous research on
the prevalence of ONIHL among IWP has
shown inconsistent results as well. For instance,
while the prevalence of such hearing loss among
heavy vehicle drivers (14), reported to be 14.6%
in a study, another study, revealed a prevalence of
00.5% among the workers of automobile manu-
facturing companies (15). Neghab et al. also iden-
tified a 23.21% incidence of ONIHL among em-
ployees in the petrochemical industry.(16). The
reported different prevalence of ONIHL in pri-
mary internal studies shows the diversity and in-
formation bombardment in this area, which this
matter cannot be used due to wasted resources
and dispersion. Accordingly, employers and
health-related policy makers have thus found it
challenging to implement comprehensive preven-
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tative interventions due to the great variance in
the available epidemiological data and features of
ONIHL prevalence reported in prior research. In
light of this, we conducted the present study to
systematically review and assess the prevalence of
ONIHL among IWP based on the findings of all
relevant studies.

Methods

This research was performed based on the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA). It has been regis-
tered in the international system of Prospective
Register of Systematic Review (PROSPERO)
with registration number CRD42021248143.
Medical Ethics Committee of Mazandaran Uni-
versity of Medical Sciences
(IR.MAZUMS.REC.1400.11883) approved the
thesis proposal.

Search Strategy

The current investigation is both a systematic
review and a meta-analysis of the papers found in
electronic databases such as PubMed, Scopus,
and Google Scholar. Persian databases, such as
Scientific Information Database (SID), Magiran,
IranMedex, Irandoc, Medlib, and all relevant
published studies on ONIHL in Iran, were also
investigated. Papers with the following keywords
and their Persian equivalents were searched with-
out time limitation until 1 Sep 2021:

“Hearing Loss” , “Noise-Induced” , “Acoustic
Trauma” , “NIHL” , “Occupational noise-
induced hearing loss” , “Occupational Exposure”
, “Exposure, Occupational” , “Environmental
Exposure” , “Occupational Diseases” , “Occupa-
tional exposure limit” , “Noise, Occupational” ,
“Occupational Noise” , “Noises, Occupational” ,
“Occupational Noises” , “Noise” , “Occupational
Medicine” , “Iran”

b

Selection of Studies

English and Persian observational studies that
have investigated the prevalence of ONIHL
among IWP with respect to a history of occupa-
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tional exposure and also in accordance with oc-
cupational health standards in Iran were included
in this paper. There were no age or gender re-
strictions in selecting these studies.

The exclusion criteria were as follows: 1) Studies
that have not reported the prevalence of ONIHL
in IWP; 2) Review studies and studies with an
unknown sample size; 3) Articles from interna-
tional and local conferences without full-text; 4)
Clinical trial studies that did not offer a reliable
assessment of the prevalence; 5) Animal, cell, and
genetic studies on NIHL in laboratory; 6) Studies
related to the diagnosis and clinical treatment of
NIHL; 7) Studies of hearing loss that were not
related to occupational noise exposure.

No attempt was made to incorporate non-
published or in-press research. Additionally, the
reference list included in the pertinent papers was
investigated as well. In summary, after formulat-
ing the relevant questions, the criteria for gather-
ing and selecting literature data were determined
based on the aim of the research. Then, the col-
lected literature data were specified and classified.
EndNote software was used to screen and extract
the relevant literature. Research papers were fil-
tered in three steps. In the first and second steps,
irrelevant papers were removed and the titles and
abstracts of the remaining papers were examined.
In the third step, the full texts of all selected pub-
lications were retrieved to determine the relevant
articles. The first and second steps were per-
formed by two independent investigators (SE.S
and A.SA). A third investigator (S.E) resolved
any discrepancy between the other investigators.

Quality Assessment of studies and Data
Extraction

The quality of the papers was assessed by two
investigators (M.R and SE.S) using the Newcastle
Ottawa Scale (NOS) checklist relevant to the
cross-sectional studies. Based on this method,
each paper could finally receive a total score of 9.
In this meta-analysis, a score of 4 or above indi-
cated a high-quality study, whereas a score of 4 or
less indicated a low-quality research. Moreover,
the agreement between the results from the quali-
ty assessment of the papers was reviewed by a
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third investigator (M.M). Eventually, 26 papers
(12 Persian and 14 English) were included in the
analysis stage. Information related to the socio-
demographic characteristics of these studies such
as age, gender, author name, language, type of
study, type of industry, sample size, year of publi-
cation, work experience, hearing assessment tool,
and ONIHL prevalence were extracted. The pro-
portion of the participants detected with ONIHL
was considered as the primary outcome.

Statistical Analysis

Stata software (ver. 16) was employed to analyse
the obtained data. The heterogeneity index be-
tween studies was determined using Cochran (Q)
and I-Squared tests. The standard error for the
prevalence of ONIHL for each of the initial stud-
ies was estimated using a binomial distribution.
Also, the prevalence of ONIHL was estimated
with 95% confidence interval using methane
command and Random Effect Model (REM).
Sensitivity analysis was used to evaluate the effect
of each study on the overall estimation. Egger
test and Funnel plot chart were used to investi-

gate publication bias. The effect of probable vari-
ables on the heterogeneity of the ONIHL preva-
lence was also investigated using Meta-
regressions.

Results

Overall, 2513 papers were retrieved by reviewing
international and local electronic databases. After
these papers were submitted to the reference
management software, 572 duplicate entries were
removed. We then screened the rest of 1941 pa-
pers, of which 1907 were excluded following the
title or abstract evaluation performed based on
exclusion criteria. Of 34 remaining papers, 8 pa-
pers were also excluded after reviewing the full
text. All of the submitted publications were eval-
uated for quality using the NOS checklist, and all
included studies attained the minimum score re-
quired for inclusion in this meta-analysis. Finally,
26 papers were systematically reviewed and meta-
analysed (Fig. 1).
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Fig.1: PRISMA flow diagram or the systematic and meta-analysis
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In this paper, a summary of the characteristics of
included studies is presented in Table 1. Totally,
26 papers met the requirements of the inclusion
criteria. Publication dates of these papers ranged
from 2004 to 2019 and all qualifying research
were cross-sectional as well. Eleven papers were

in Persian (17-27) and 15 were in English (14-16,
28-39). In terms of gender, all of the surveyed
workers were male. In all of these studies, pure-

tone audiometry (PTA) was employed for as-
sessing the ONIHL.

Table 1: Summary of characteristics of studies included in the systematic review

Ref  Lan- Type of factory type of study  Sample ONIHL  Gender Age Work experi-
guage size %) (mean * SD) ence
(mean * SD)
(28)  English Driver cross-sectional 2283 41.8 male 39£10 1419.3
(15)  English Automobile company cross-sectional 478 60.5 male 33.51£5.35 -
(29)  English Driver (long-distance ) cross-sectional 4300 18.1 male 40.8£11 14.719.6
(30)  English Truck drivers cross-sectional 500 42 male 381122 9.8£8.6
(31)  English Wagon manufacturing cross-sectional 504 39.5 male 42.2516.56 18.14£6.5
(14)  English Heavy vehicle drivers cross-sectional 65533 14.6 male - -
(32)  English Food-producing factory cross-sectional 412 41.01 male - -
(33) English  Home appliances factory ~ cross-sectional 371 55.25 male 32.17+4.92 6.65+2.74
(34)  English  Tile and Ceramic Industry ~ cross-sectional 853 17.4 male 32.95%7.15 5.9514.62
(35) English Drivers cross-sectional 1900 39.6 male 41.5+10.5 -
(17)  Persian Textile spinning cross-sectional 100 21 male - -
(18)  Persian Oil industry cross-sectional 110 49 male - -
(19)  Persian Airport cross-sectional 106 33 male 34.8618.37 10.6£7.44
(36)  English Professional drivers cross-sectional 1901 49.65 male 41.56£10.57 -
(20)  Persian  Car smoothing workshops ~ cross-sectional 50 36 male 38.7£9.7 21.5%£9.6
(21)  Persian  Manufacturing industries  cross-sectional 2004 22.5 male - -
(37)  English Fireclay mine cross-sectional 220 23.63 male 38+6.4 -
(38)  English Derivers cross-sectional 1000 42.6 male 34.02+13.9 8.21+7.84
(22)  Persian  Tire manufacturing com-  cross-sectional 914 32.7 male 38.84%5.18 12.37+4.12
pany
(23)  Persian Textile cross-sectional 100 23.25 male 38.98+10.43 13.83£6.1
(39)  English Automobile industry cross-sectional 441 49.88 male 33.07 8.06
(16)  English Petrochemical industry cross-sectional 280 23.21 male - -
(24)  Persian Agriculture factory case-control 131 36.69 male - 19.6£8.4
(25)  Persian Metal workers cross-sectional 743 31.31 male - -
(26)  Persian Tile factory cross-sectional 342 12.9 male 37.318.1 10.6£6.9
(27)  Persian Small manufacturing in- cross-sectional 109 46.8 male - -

dustries

The results from 26 selected studies with 85,685
samples were included in the meta-analysis. The
rate of ONIHL prevalence in eligible studies was
varied, from 12.9% in the study of Mirmohamadi
et al.(26) with a sample size of 342 people to
60.5% in the study of Attarchi et al.(15) with a
sample size of 478 people. According to the find-
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ings, there was a wide range of variation in the
main study findings. (I-squared: 99.3%, Q:
3841.1, P-value <0.001). The results from the
eligible studies were combined using REM and
the prevalence of ONIHL among IWP was esti-
mated to be 34.69% (95% CI: 29.10, 40.28) (Fig.
2).
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Study %
ID ES (95% Cl) Weight
Alizadeh et al. (2011) i + 41.80 (39.78, 43.82) 3.98
Attarchi et al. (2010) | -+ 60.50 (56.12, 64.88) 3.91
Janghorbani et al. (2009) * : 18.10 (16.95, 19.25) 4.00
Karimi et al. (2010) :-o- 42.00 (37.67,46.33) 3.91
Mohammadi et al. (2009) I‘-O— 39.50(35.23,43.77) 3.91
Pourabdian et al. (2019) . I 14.60 (14.33, 14.87) 4.00
Pouryaghoub et al. (2007) :—0— 41.01 (36.26, 45.76) 3.89
Rahimpour et al. (2012) | —— 5525(50.19,60.31) 388
Mehrparvar et.al (2017) -+ : 17.40 (14.86, 19.94) 3.97
Saraei etal. (2019) :+ 39.60(37.40,41.80) 3.98
Peyvandi et al. (2005) —_—— 21.00 (13.02, 28.98) 3.70
Zare etal. (2007) : —+—  49.00(3966,58.34) 3.60
Raiy etal. (2013) —0:— 33.00 (24.05,41.95) 3.63
Izadi etal. (2015) : -+ 49.65 (47.40, 51.90) 3.98
Ahmadi etal. (2010) —lo— 36.00 (22.70, 49.30) 3.26
Mahram et al. (2004) + 22.50 (20.67, 24.33) 3.99
Neghab et al. (2014) —— : 2363 (18.02,29.24) 3.85
Rezaei et al. (2015) : - 42.60 (39.54, 4566) 3.96
Pourzarea et al. (2016) -OJI- 32.70 (2966, 35.74) 3.96
Halvani et al (2009) —0—: 23.25(14.97,31.53) 3.68
Mohammadi et al. (2009) | - 49.88 (45.21, 54.55) 3.90
neghab et al. (2009) —— : 23.21(18.27,28.15) 3.88
Keshtkar et al. (2005) —:0— 36.69 (28.44,44.94) 3.68
Tajik et al. (2008) -04' 31.31(27.98, 3464) 3.95
Mirmohamadi et al. (2008) at : 12.90(9.35,16.45) 3.94
Aghilinezhad et al. (2007) | —— 46.80 (37.43,56.17) 3.60
Overall (l-squared =99.3%, p = 0.000) <> 34.69 (29.10, 40.28) 100.00
|

NOTE: Weights are from random effects analysis :

I I

-64.9 0 64.9

Fig.2: Forest Plot for estimation of pooled prevalence of ONIHL in Iranian workers

Due to the high heterogeneity among the results,
subgroup analysis was performed based on the
type of industry. Accordingly, individuals were
divided into two groups: the transportation in-
dustry and the manufacturing industry. The find-
ings of the subgroup analysis demonstrated that
the industry type was also unable to identify the
cause of heterogeneity (as supplementary data,
the readers can contact authors if needed).

The funnel plot chart shows that there is publica-
tion bias in accessing the results of primary stud-
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ies (Fig. 3). Publication bias was also evaluated by
the Egger test which the results of this test also
confirmed the existence of publication bias (8 =
11.79, P: 0.008). Based on the results of sensitivi-
ty analysis, the effect of each primary study on
the overall estimation was not different.

The effects of variables such as year of publica-
tion (P: 0.859), age (P: 0.363), and work experi-
ence (P: 0.750) on the prevalence of ONIHL
were investigated using meta-regression, which
was not statistically significant.
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Fig. 3: Funnel plot of ONIHL prevalence for a meta-analysis of eligible studies

Discussion

In this research, the previous studies conducted
on ONIHL in Iran during 16 years (2004-2019)
were reviewed and analysed. Our findings suggest
that the majority of Iranian workers, who are suf-
tering from ONIHL, were mainly from manufac-
turing industries such as automotive, ceramic,
textile, steel, etc. These findings are also compa-
rable with those of previous international studies,
including those conducted in China and the
United States; a high proportion of ONIHL cases
occur among workers from conventional manu-
facturing sectors. According to the findings from
the Asian research, the primary causes of noise
pollution are the industrial, transportation, min-
ing, and agricultural sectors. (8, 40).

Accordingly, the systematic and meta-analysis
study performed on 71,865 workers (aged
33.5%8.7) found that most workers with ONIHL
were employed in typical manufacturing indus-
tries (41). Our findings are consistent with the
findings of other countries. In the United States,
approximately 82% of ONIHL cases among
workers were from industrial sectors such as con-
struction, manufacturing, mining, agriculture, wa-
ter and electricity utilities, transportation, etc (42).
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In this study, the prevalence of ONIHL was
34.69 based on the results of the reviewed studies
conducted on IWP.

The frequency and prevalence of ONIHL in Iran
was therefore found to be more than other coun-
tries, according to this research. In this respect,
the total prevalence of ONIHL among Chinese
employees was 21.3%; which was less than such
prevalence among IWP (41). According to the
Centres for Disease Control and Prevention
(CDC), over 9 million workers are exposed to an
average daily sound intensity of more than 85
dB(A), and about 26 million Americans have
NIHL, which affects 15% of the population (43,
44). This high prevalence of ONIHL indicates
the widespread distribution of noise in various
industries as well as high levels of noise exposure
in the workplaces. In Iran, for instance, exposure
to high sound pressure levels of 90.29 dB (A) was
recorded (45). According to the reviewed studies,
exposure to this high level of noise and long-term
noise exposure on the job might be regarded risk
factors for the high prevalence of ONIHL in Iran
(46, 47). In general, occupational noise exposure
is likely to increase the incidence of NIHL. In
addition, a dose-response association was discov-
ered between NIHL and sound intensity among

Available at:  http://ijph.tums.ac.ir


http://ijph.tums.ac.ir/

Etemadinezhad et al.: Occupational Noise-Induced Hearing Loss in Iran ...

Danish employees, such that a greater noise level
was related with a higher incidence of NIHL (48).
The cumulative effects of noise level and expo-
sure time can cause NIHL. Higher levels of noise
may cause damage to the outer hair cells (OHCs),
while chronic exposure to noise can be harmful
to the inner hair cells (IHC), the cochlear sup-
porting cells, spiral ganglion cells, and cochlear
vessels (49).

According to the occupational permissible expo-
sure level in Iran, a worker is allowed to be ex-
posed to the noise pressure level of 85 dB for 8 h
a day, 44 h a week for 30 years. The purpose of
above standard is only to prevent hearing loss.
Moreover, there is no standard for the non-
auditory effects of chronic exposures to the noise
in industrial settings and many IWP are exposed
to high-level noise due to working with worn-out
industrial equipment and machinery.

Currently, ONIHL is considered as an incurable
and irreversible disease, and the best solution to
reduce hearing loss is preventive measures to cre-
ate a safe and healthy workplace in terms of noise
exposure. The main purpose of these measures
include investigating occupational exposures
through periodic monitoring of the noise expo-
sures; minimizing the noise exposure in the
workplace via engineering, administrative con-
trols and personal hearing protection equipment
(PHPE); as well as early detection of the damage
to the inner ear or auditory neural system before
the establishment of the irreversible permanent
hearing loss (5, 50-53).

For industrial noise, eliminating or reducing the
noise levels in the workplace through engineering
controls or administrative interventions is the
most effective method for prevention of
ONIHL. In that regard and according to the re-
sults from the available literature, if the noise lev-
el is minimized to less than 80 dB, the risk of de-
veloping ONIHL can be significantly reduced
(13). Although the reduction of noise levels and
exposure time through engineering or administra-
tive controls may provide the workers with fairly
adequate protection against ONIHL, such strate-
gies are typically difficult to be implemented. In
general, when it is impossible to lower the ambi-
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ent noise levels to the acceptable levels, supplying
the employees with the proper type of PHPE
along with comprehensive training becomes a
crucial alternative protection strategy. (54, 55).
Nonetheless, adopting ONIHL control measures
at the individual and organizational levels is fairly
demanding as well as time-consuming. Control
measures for ONIHL require evidence-based
assessments that in turn would provide the poli-
cymakers with essentially reliable data and back-
ground records for implementing ONIHL pre-
vention and control programs (5).

One of the factors that can affect the results as a
factor of heterogeneity was the type of occupa-
tion that subgroup analysis could not identify the
source of heterogeneity between studies. In this
study, as it becomes clear, the prevalence of
ONIH in workers active in the industry system is
higher than in workers active in the transporta-
tion system related to differences in the nature of
exposure to noise sources. Proposed reasons for
this finding are that high levels of noise impede
the ability to hear alarm signals, monitor equip-
ment, respond to ambient noises, and coordinate
with other workers. Hearing loss among workers
who are exposed to noise depends on the indus-
try and the job. In general, the industries that are
most at risk for hearing loss are the mining, tex-
tile, construction, and wood products sectors (5,
56-58).

Finally, a number of limitations need to be con-
sidered. First, the number of primary studies in
Iran focusing on Speech-frequency NIHL
(SFNIHL) was limited, which led to inadequate
evidence in these categories. Due to the absence
of occupational prospective research on the noise
exposure, assessing the prevalence of ONIHL
among Iranian employees was also one of the
limitations of this investigation. On the other
hand, there was no cohort research among the
qualifying studies, and all the primary evidence
was cross-sectional; hence the correlation be-
tween occupational exposure variables and
ONIHL was difficult to determine. The reviewed
studies did not adequately address the epidemio-
logical information and were mostly of low quali-
ty. Due to the considerable heterogeneity be-
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tween the primary results, the subgroup analysis
could not identify the source of heterogeneity
between eligible studies; this can also be another
limitation of this paper. The subgroup analysis
due to the uniformity of study design, the age
range of individuals, and other variables was per-
formed only based on the type of industry, which
as previously mentioned, could not identify the
origin of the heterogeneity. In general, our find-
ings indicate the need for conducting more accu-
rate primary research in order to attain a more
profound understanding about the etiology of
ONIHL and its contributing factors.

Conclusion

Based on the previous studies conducted among
IWP, the prevalence of ONIHL was estimated to
be 34.69%. This high prevalence of ONIHL in
Iran is therefore indicative of widespread expo-
sure to excessive noise levels in a variety of in-
dustries and workplaces. Under light of the fact
that the therapeutic approaches for the treatment
of the hearing loss are still in development, the
most effective strategy for limiting the occur-
rence of ONIHL is to establish a noise-free and
thus healthy work environment. Our findings not
only highlight the need for immediate implemen-
tation of preventative and control measures in
this context, but also may encourage the employ-
ers and health and safety policymakers to focus
on taking more appropriate preventive approach-
es, initiating preliminary noise control and hear-
ing conservation programmes, as well as estab-
lishing legislative and regulatory frameworks to
minimize the risk of the developing ONIHL.
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