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ABSTRACT

Almost 460 million world people live with moderate to severe hearing loss, with noise
the most common cause, particularly in the workplace. Noise-induced Hearing Loss is
still one of the most prevalent recognized occupational diseases that can compromise
social life, while at workplaces could affect workers’ safety, representing an important
injury risk factor. In Italy, in 2018 there were at least 7 million hearing impaired people,
but only 29,5% wore hearing aid (HA). Technical and psychological reasons prevent a
more extensive use of HA. An ad hoc questionnaire, consisting of 10 items (five on
the working sphere and five on perception), was developed to evaluate the degree of
comfort/discomfort and the perceived benefit of using HA, particularly in working envi-
ronments, and administered to 141 workers. The results show that special attention
should be paid to the optimization of HA for construction workers, most acoustically
exposed.
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INTRODUCTION

In 2018, World Health Organization (WHO) estimated that almost 6,1%
of the world’s population live with disabling hearing loss (HL) of moderate
or higher severity in the better hearing ear. As populations age, the num-
ber of people with HL will increase, from 460 million in 2018, up to 630
million by 2030, and over 900 million in 2050 (World report on hearing,
2021).

Among the causes of hearing impairment, genetic defects, birth com-
plications, chronic ear infections, use of ototoxic drugs, childhood and
pregnancy-related illnesses, injury, age, and noise exposure, can be included
(Regulations to Implement the Equal Employment Provisions of the Ameri-
cans with Disabilities, 2022). Noise-induced hearing loss (NIHL) represents
one of the most prevalent occupational conditions internationally and ranks
third in the global classification of occupational diseases (Mirza et al. 2018;
Andrejiova et al. 2021). Exposure to high noise levels on-the-job is respon-
sible for 16% of cases of disabling HL among adults worldwide, causing
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financial and disease burdens on individuals and society (Kou-Huang et al.
2020).

According to the 6™ European Working Conditions Survey, 28% of wor-
kers in 2015 were exposed to excessive noise for at least a quarter of their
time at work (Teixeira et al. 2021). The occupations at the highest risk for
HL are mainly Mining, Manufacturing, Construction of buildings (Le et al.
2017). In particular, Construction workers experienced high levels of HL,
increasing by work duration (Dement et al. 2018; Masterson et al. 2016;
Tak et al. 2009). A NIOSH statistic shows that about 51% of all workers in
Construction have been exposed to hazardous noise, 52% of noise-exposed
construction workers report not wearing hearing protection, and 16% of
noise-exposed tested Construction workers have hearing impairment in both
ears (Kerns et al. 2018; Green et al. 2021; Masterson et al. 2013). Italian
surveillance system for the period 2010-2014 confirms these data, showing
that Construction is the work sector in which NIHL are particularly present
(28% of cases), followed by Manufacturing (17%) (Pizzuti et al. 2018).

HL can influence the quality of life of those affected, in the social and
occupational sphere. In social life, HL could cause isolation, frustration,
depression, and even cognitive decline (Kou-Huang et al. 2020). In the work-
place, HL increases the risk of occupational injuries, since it may reduce the
employee’s alertness, due to the difficulty in perceiving audible signals, inclu-
ding speech. Accidents can occur because alarms or danger signals cannot be
recognized, or no attention has been paid to them, or their origin has not been
clearly identified, compromising the safety of workers (Leroux et al. 2018).

The use of hearing aids (HA) could represent an effective rehabilitation
treatment for restoring audibility function and the outcome is usually good,
taking into account that these devices do not provide normal functional hea-
ring (Bisgaarda et al. 2021). This is particularly important in the workplace,
where background noise, reverberations, moving and multiple sources of
noise could interfere with the proper functioning of the amplification devices
(Leroux et al. 2018). Unfortunately, many barriers (cost, poor access to heal-
thcare, and lack of information) prevent extensive use of HA. Global Burden
of Disease has used large data set on HA sales to estimate the number of peo-
ple with HL that effectively use HA throughout the world (Bisgaarda et al.
2021). For European countries, questionnaires were sent to a representative
sample affected by HL, investigating: prevalence and adoption rates of HA,
HL characteristics and population demography, satisfaction of HA owners
and impact on life quality, reasons for non-adoption HA. Data related to
2018 showed that Italy has the highest percentages of the 65+ population
and the second highest prevalence of self-reported HL, after Poland (Laureyns
et al. 2020). In Italy, there are at least 7 million hearing impaired people, but,
despite the incidence of the disease, only 29% use HA. The adoption rate of
HA is low, especially among mild HL patients, which represent the majority
of hearing impaired people, while it is higher among moderate or severe HL
patients (greater than 40 dB on average), around 70% of the total. The use of
HA appears more widespread in the older age groups, while the lowest usage
is found for the age group from 45 to 64 years, which refers to professio-
nally active people. Subjective, psychological, and technical reasons prevent
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Table 1. The questionnaire administered to workers with Hearing Aids.

Item Working Sphere Perception Sphere

1 Do you feel your work environment Do you feel any improvement in
acoustically comfortable? word perception using HA?

2 Do you wear HA while working? Using HA, are you able to better

perceive acoustic warning or verbal
alerts, useful to avoid risks at work?

3 Do you wear hearing personal Do you feel safer in your
protecting equipment while workplace, using HA?
working?

4 Have you received specific Do you feel satisfied of your HA,
information about the correct use especially in the workplace?
of HA during work?

5 Do you use accessories with HA Do you clearly identify sounds
that can facilitate communication direction, using HA?

in the workplace?

an extensive use of HA. Conversely, among HA users, data indicate levels of
satisfaction above 80% and explicit references to an improvement in their life
quality, from the ability to communicate to the improvement of relationships.

This work wants to contribute to this issue, evaluating the degree of com-
fort/discomfort and the perceived benefit of using an HA, particularly in
working environments, by using a specific questionnaire administered to a
sample of Italian workers with hearing impairment.

METHODS

An ad hoc questionnaire was developed and administered to 141 workers.
The questionnaire consisted of 10 items, five on the working sphere and five
on perception (see Table 1). The former investigated: the acoustic comfort of
the work environment, use of HA, hearing protectors, accessories, and infor-
mation received about the correct use of HA at work; the second investigated:
the satisfaction of prosthetic solution, the improvement in the perception of
speech, sounds direction and danger signals. The answer options for each
question were YES / SOMETIMES / NO. Further information on gender, age,
job, years of work, type of HA and years of use, type of hearing damage, was
collected. The professions were grouped into seven categories: construction
workers, freelancers, health professionals, teachers, office workers, traders,
others, which were further classified on hearing risk into High-risk (constru-
ction workers), Medium-risk (teachers, traders), Low-risk (freelancers, health
professions, office workers).

RESULTS AND DISCUSSION

The median age of the entire sample was 57 yrs (s.d. 13 yrs, 25th percentile:
52 yrs, 75th percentile: 64 yrs). Females represented 39% of the sample, with
a median age of 54 yrs (s.d. 13 yrs, 25th percentile: 45 yrs, 75th percentile:
63 yrs). Males represented 61% of the sample, with a median age of 59 yrs
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Figure 1: For the sample, years of use of hearing aids (a); age distribution (b).

(s.d. 13 yrs, 25th percentile: 55 yrs, 75th percentile: 67 yrs, see figure 1b).
The sample included different jobs, mainly freelancers (21%, distributed
among entrepreneurs, architects, lawyers, managers, accountants, etc.), office
workers (19%), construction workers (18 %), traders (17 %), healthcare pro-
fessionals (9%, mostly physician and nurses), and teachers (7%). Among
females, the most common profession was office workers (24%), followed
by traders (22%), among males construction workers (29%), followed by
freelancers (26%), and traders (22%).

In the sample, the work carrier was 30 years long on average (s.d. 13 yrs,
25th percentile: 22 yrs, 75th percentile: 40 yrs). Males worked longer than
females (33 yrs vs. 26 yrs, see Figure 2a). Construction workers represented
the activity with the longest permanence at job (36 yrs), followed by teachers
(35 yrs) and traders (33 yrs). Bilateral sensorineural was the most frequently
hearing impairment (70% of the total sample, 71% of females, and 69%
of males). In-The-Ear (ITE) HA was worn by 77% of the sample, mostly
male (80% males vs 73% females), followed by Behind-The-Ear (BTE) HA
(23% of the sample). ITE HA was most frequently used by freelancers (26 %),
followed by office workers (18%) and construction workers (16%). BTE
HA was most frequently used by traders (34%), followed by office workers
and construction workers (both 22%). Males used HA for more years than
females (7 yrs vs. 5 yrs), while the median period of HA use was 6 yrs in the
entire sample (s.d. 8 yrs, 25th percentile: 1 yr, 75th percentile: 8 yrs), (see
Figure 1).

In the sample, the percentage of workers classified into High-risk was
18%, Medium 27%, and Low 55%. The construction workers represen-
ted the major category among High-risk workers (96 %), mainly males, with
an average age of 59 yrs and a significantly higher working time than the
other categories, median value 39 yrs for High-risk vs 32 yrs for Low-risk
(see Figure 2). These workers, mainly suffering bilateral sensorineural HL, in
73% of the cases wore ITE HA for at least 6 yrs.

For the Medium-risk category, the median age of the sample was 58 yrs,
with a time on the job of about 36 yrs. In 74% of the cases, the workers were
affected by bilateral sensorineural HL and wore ITE HA for at least 6 years.
Traders represented the major category among Medium-risk workers (63 %),
evenly distributed between males and females, followed by teachers (26%,
30% males, and 70% females), and lastly other professions (11%).
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Figure 2: Working years for all recruited workers, by gender (a) and risk classifica-
tion (b).

The Low-risk category included freelancers (39%), predominantly men
(73%), office workers (35%), predominantly men (52%), and health pro-
fessionals (17%), predominantly women (61%). Low-risk workers had an
average age of 55 yrs with 32 yrs on the job. They wore ITE HA in 84% of
cases for about 6 yrs, and they suffered from bilateral sensorineural HL in
65% of cases.

The answers related to the working sphere showed that most High-risk
workers considered their work environment as acoustically uncomfortable
(54%), while workers classified as Low-risk, substantially comfortable, with
few exceptions (7% of the sub-sample) among teachers, health professi-
ons and freelancers. Workers classified as Medium-risk expressed doubts
about the acoustic comfort of their work environment, answering “some-
times” in 42% of cases. In general, most of the sample used HA during
work (87%), without gender differences. Medium and Low-risk workers
wore HA more frequently than those classified as High-risk (High-risk 69 %,
Medium-risk 95%, Low-risk 88%). Among Low-risk workers, health pro-
fessionals asserted that HA use was incompatible with other equipment
normally used in medical practice, e.g. stethoscope (answer “sometimes”
in 38% of the cases). The use of amplified electronic stethoscopes could
represent an effective ergonomic solution, providing a wireless connection
to the HA that ensures hygiene for the workers. These devices improve
the auscultation of heart and pulmonary sounds, compensating for the hea-
ring deficit with specific acoustic filters. Accessories, as above mentioned,
were used by 61% of the health profession category. On the contrary, in
the overall sample, HA accessories were used by 38% of High-risk wor-
kers (mostly drivers), 34% of Medium-risk workers (mostly traders), and
30% of Low-risk workers (mostly freelancers), mainly devices to improve
communication.

Among High-risk workers, mainly in the construction sector, there can be
difficulties in finding hearing protection compatible with HA and required
by the workplace regulations. For this reason, the majority of these workers
(76 %) preferred to wear ITE HA that allows the simultaneous use of pro-
tective hearing equipment, such as headphones, while BTE HA is generally
incompatible (modern technology has shrunk the size of BTE, allowing them
to work with headphones). Among the workers wearing ITE HA, only 54%
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used hearing personal protective equipment (HPPE) at work, although they
received specific information about their correct use. The use of HA in con-
junction with HPPE in a noisy work environment is still an arguable issue.
Four scenarios could be considered: i) HA in the “off” position in lieu of using
HPPE: this situation does not provide adequate protection against noise (HA
could effectively block out sound, but only if it fits snugly). ii) HA turned
“off” with HPPE worn: this combination could block out too much sound
and the worker may not hear warning signals or other essential sounds. iii)
HA turned “on” with no HPPE: if the noise at work was loud enough to
permanently damage hearing, amplifying it with a HA, could cause additi-
onal hearing loss. iv) HA worn, turned “on” with HPPE: optimal hearing
depends on the attenuation class of the headphones (Leroux et al. 2018).
Evaluation by a qualified occupational hearing professional and monitoring
employees at the worksite may determine the suitability of HA or hearing
protectors for specific environments. A multidisciplinary approach involving
the employer, the occupational health physician, and the hearing care pro-
fessional is required to ensure the best protection of the worker’s residual
hearing function.

Despite the regular use of HA, the minimum level of satisfaction was found
among High-risk workers (69% vs 82% for the Low-risk ones), probably
due to a moderate perception of danger signals and a low safety perception
in the workplaces (respectively 77% and 58% of cases). On the contrary,
by using HA, an improvement in the perception of words and in the iden-
tification of the sound direction has been obtained (respectively 92% and
81% of cases). An “ad hoc” setting of HA, especially for workers exposed
to acoustically severe environments, has to be performed to reduce the risk
of accidents or near misses. To guarantee workers’ safety, the usual HA set-
tings in standard conditions must be integrated with specific procedures for
noisy work environments, where multiple signals, reverberations, and strong
background noises could interfere with the normal response of the HA. Simi-
lar results were also observed for Medium-risk workers, where a moderate
level of satisfaction was found (79%), even if they had the highest level of
perceived safety (93%) and the best perception of verbal warnings and sound
direction (respectively 97% and 89%).

CONCLUSION

For the High-risk category (mainly construction workers, most acoustically
exposed), particular attention must be paid to the use of HA with perso-
nal protective equipment, taking into account the protection of the workers
in severe noisy work environments. The results show that the optimization
of HA setting must include perceived safety and satisfaction, in compliance
with an ergonomic design for a comfortable fit. The effectiveness of HA in
supporting listening, communication and localizing sound sources in the typi-
cal acoustic conditions in the workplace could then represent a fundamental
issue to guarantee the health and safety of HL impaired people employed in
the various job sectors.
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