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Abstract

Hearing health, a cornerstone for musical performance and appreciation, often stands at odds with the unique acoustical chal-
lenges that musicians face. Utilizing a cross-sectional design, this survey-based study presents an in-depth examination of self-
rated hearing health and its contributing factors in 370 professional and 401 amateur musicians recruited from German-speak-
ing orchestras. To probe the nuanced differences between these groups, a balanced subsample of 200 professionals and 200
amateurs was curated, matched based on age, gender, and instrument family. The findings revealed that two-thirds of respon-
dents reported hearing-related issues, prevalent in both professional and amateur musicians and affecting music-related activ-
ities as well as social interactions. The comparative analysis indicates that professionals experienced nearly four times more
lifetime music noise exposure compared to amateurs and faced more hearing challenges in social contexts, but not in musical
settings. Professionals exhibited greater awareness about hearing health and were more proactive in using hearing protection
devices compared to their amateur counterparts. Notably, only 9% of professional musicians’ playing hours and a mere 1% of
amateurs’ playing hours were fully protected. However, with respect to their attitudes toward hearing aids, professional musi-
cians exhibited a noticeable aversion. In general, an increase in music-related problems (alongside hearing difficulties in daily
life) was associated with a decrease in mental health-related quality of life. This research highlights the importance of proactive
hearing health measures among both professional and amateur musicians and underscores the need for targeted interventions
that address musicians’ specific hearing health challenges and stigmatization concerns about hearing aids.
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Introduction

Playing musical instruments is associated with long-term
health benefits (see the review by Dingle et al. (2021)).
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Yet, music-making, whether pursued at an amateur or profes-
sional level, may also pose inherent risks, including the
potential for developing noise-induced hearing impairments
(Musgrave, 2022; Schink et al., 2014). The likelihood of
developing such impairments is influenced by the duration
and intensity of noise exposure: both short but intense
noise levels of 137 dBpe.-C, as well as comparatively low
but prolonged exposure at an average of 85 dB-A over
several years, have been reported to result in permanent
noise-induced hearing loss (HL) (Liedtke, 2010;
“Konigsteiner” and “NIOSH” recommendations; Chan,
1998; Deutsche Gesetzliche Unfallversicherung, 2013,
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2020). Indeed, musicians regularly confront sound intensity
levels that not only challenge but also endanger their
hearing (O’Brien et al., 2013). Depending on their instru-
ment, position, and repertoire, they often face peak sound
levels of up to 135 dB-C and practice durations extending
to 6 hours daily (Halevi-Katz et al., 2015; Rodrigues et al.,
2014; Schmidt et al., 2011). Consequently, bound to their
profession, musicians are inherently at risk for developing
noise-induced hearing impairments (Gong et al., 2018;
Schink et al., 2014).

A body of research highlights the risks musicians face in
terms of hearing health. Phillips and Mace (2008) report that
48% of music students are exposed to harmful noise levels
during daily practice. Similarly, O’Brien et al. (2013)
found that 53% of musicians surpass the permissible daily
noise exposure limits (see also Tufts & Skoe, 2018), a
salient finding, as it does not include time spent in orchestral
rehearsals and concert performances (i.e., only solitary prac-
tice was considered). It is therefore not surprising that
Halevi-Katz et al. (2015) linked greater musical experience
(years of persistent music playing) to higher hearing thresh-
olds in the frequency range of 3-6 kHz. Furthermore,
Hasson et al. (2009) reported that 40% of musicians experi-
ence some form of hearing disorder, with tinnitus (19%)
being the most common, followed by 14% suffering from
hyperacusis (one form of auditory hypersensitivity), and
6% experiencing difficulties in noisy environments or
sound distortions—a finding that is consistent with Harper
(2002), who recorded hearing problems among 38% of
British and 37% of German musicians. Notably, a systematic
review by Di Stadio et al. (2018) revealed that professional
musicians in pop/rock genres are at an even higher risk of
developing HL and other audiological symptoms compared
to classical musicians. Gembris et al. (2018) further indicated
that the likelihood of hearing problems of orchestra musi-
cians escalates with age. The impact of HL extends beyond
listening abilities, affecting mental health and social well-
being. Bigelow et al. (2020) demonstrated that HL correlates
with increased psychological distress, greater use of antide-
pressants, and higher dependency on mental health services
among the general population.

However, the relationship between noise exposure and
hearing impairment is not always straightforward. For
example, Prendergast et al. (2017) had difficulties relating
noise exposure to perceptual deficits in young listeners
(mostly nonmusicians) with normal hearing (NH) audiome-
try. Couth et al. (2020) investigated this in a sample of musi-
cians but could only find subclinical effects of noise exposure
on hearing. Moreover, Russo et al. (2013) found no significant
differences in hearing issues between instrument groups, even
though brass, woodwinds, and percussionists have been
reported to be exposed to particularly high sound levels (e.g.,
Rodrigues et al., 2014; Schmidt et al., 2011).

In summary, musicians commonly face hearing health
challenges such as HL and tinnitus, impacting their musical

performance and overall quality of life (Halevi-Katz et al.,
2015; Hébert & Lupien, 2009; Richter, 2011). Furthermore,
hearing health may directly and indirectly affect the ability
to perceive, appreciate, and produce music, alongside
impacting mental, physical, and social well-being (e.g.,
Bigelow et al., 2020; Gembris et al., 2018, Musgrave,
2022; Scherer, 2004, Zentner et al., 2008).

Recognizing the risks to hearing health in musicians, it
becomes crucial to focus on their habits and preventive strat-
egies. Certainly, adopting behaviors that reduce exposure to
loud noise is essential for preventing hearing problems (e.g.,
Hébert & Lupien, 2009; Olsen et al., 2016; Richter, 2011).
Intervention strategies for public health thus often include
the promotion of hearing protection (e.g., Occupational
Safety and Health Administration, 2002). Still, the actual
usage of hearing protection among musicians and the barriers
to its consistent application remain key concerns. Laitinen
(2005), for example, found that among classical musicians
in Finland, the use of hearing protection is sporadic, often
commencing only after the onset of auditory symptoms.
Specifically, a mere 6% consistently use hearing protection,
while 35% seldom do—despite the fact that 31% reported
some form of HL and 37% reported experiencing tinnitus.
However, these are not uniformly distributed across
regions. Among Australian musicians, 40% reported using
hearing protection during practice, and 64% claimed occa-
sional earplug use (O’Brien et al., 2013, 2014). This contrasts
with orchestras in Germany, where only 38% reported occa-
sional hearing protection use (Zander et al., 2008).
Interestingly, there is some indication that younger musicians
are more inclined toward protective measures: a study by
Couth et al. (2021) found that among 80 British early-career
musicians, 77% used hearing protection at least once a week.

The inconsistent use of hearing protection among musi-
cians, despite the well-documented risks, demands an exam-
ination of the motivations behind these unhealthy choices.
This exploration must consider the significant role of aware-
ness in shaping health-related behavior. While awareness is
often a precursor to behavioral change (e.g., Ajzen, 1991),
one might assume that greater awareness of hearing health
risks among musicians would naturally lead to increased
use of hearing protection. For instance, studies by Keppler
et al. (2015a, 2015b, 2015c¢) suggest that increasing aware-
ness about hearing health substantially contributes to the
adoption of protective measures against recreational noise.
However, this inference is complicated by findings from
Laitinen (2005), where a very high percentage (94%) of
musicians reported concern for their auditory health, yet
the actual use of hearing protection was notably low (6%
consistent usage). This disparity suggests the presence of
other barriers within the musical context, which may be
intrinsic to the professional demands and social dynamics
of musical performance. For example, musicians frequently
cite issues with sound quality and difficulties hearing other
musicians as significant obstacles to consistent hearing
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protection use (Laitinen, 2005; O’Brien et al., 2014; Zander
et al., 2008). Additional factors such as varying loudness
levels during performances or hampered self-monitoring
could further discourage musicians from using hearing pro-
tection. Moreover, there is a less explored but equally com-
pelling aspect that may hinder the consistent use of hearing
protection among musicians—concerns about one’s profes-
sional image. The use of hearing protection could potentially
be perceived as a sign of auditory weakness, thereby affect-
ing a musician’s reputation or audience perception (see
Couth et al., 2021).

A similar dynamic may also contribute to the reluctance
toward hearing aid adoption. Despite their proven utility in
enhancing auditory experiences, hearing aids remain under-
utilized (e.g., Chern et al., 2023). While the literature does
not specifically address the potential impact on musicians’
reputation as a factor in hearing aid adoption, musicians
repeatedly complain that devices often are not effectively
equipped or fitted to account for the full dynamics essential
in music (e.g., Madsen & Moore, 2014). Recently,
Greasley et al. (2020) extensively explored the complex
dynamics of hearing aid usage among musicians by consid-
ering both audiologists’ and patients’ perspectives in the
UK. Their study revealed another factor: a significant mis-
alignment in expectations and understanding between these
groups. Among musicians who use hearing aids, only 42%
report an enhanced enjoyment of music while wearing
them, with half experiencing distortions and over two-thirds
encountering problems occasionally. A primary concern is
the gap in audiologists’ training and understanding regarding
the specific demands of hearing aids in musical environ-
ments. Only a small proportion (37%) of audiologists have
received training focused on music, and despite 74%
seeking additional information on this subject, many still
express only moderate confidence in advising patients
about music and hearing aids. Indeed, 58% of patients
reported that music listening was never discussed.
Consequently, many musicians feel their unique needs for
high-quality music listening are not being met, leading to dis-
satisfaction and low adoption rates. These insights under-
score a need for more specialized knowledge and
tailor-made solutions in hearing aids for musicians. While
awareness is a critical factor, it does not operate in isolation.
The limited adoption of hearing protection and hearing aids is
a complex interplay of personal, professional, and societal
factors, warranting a multifaceted approach to intervention.

In sum, the literature suggests a link between musical
noise and an increased risk of hearing problems in musicians,
yet generalizing these findings across different groups and
levels of exposure remains challenging. Existing studies pre-
dominantly focus on professional musicians, disregarding the
large proportion of recreational (amateur) musicians—which
amount to 14.3 million musicians in Germany alone
(Deutsches Musikinformationszentrum, 2021). This necessi-
tates a more detailed investigation into how music-related

noise exposure affects musicians, particularly considering
the varied intensity levels associated with different instru-
ment groups, the range of environments in which music is
performed (from individual practice at home to full orchestral
performances), and the frequency and duration of musical
activities (that is, considering both professional and
amateur musicians). Despite this, the literature provides
limited insight into the specific requirements necessary to
implement preventive measures effectively. This gap
extends to understanding how awareness and concerns
about reputation influence musicians’ decisions, particularly
regarding the use of hearing protection and the adoption of
hearing aids.

The Current Study

Addressing this gap, the current study aimed to provide a
comprehensive investigation of hearing health among
orchestral musicians, both professional and amateur. This
included examining the utilization of and attitudes toward
hearing protection and hearing aids, the prevalence and
types of hearing problems, and their overall impact on musi-
cians’ well-being. While the analysis was exploratory in
nature, it was underpinned by two primary hypotheses:
Professional musicians were expected to (a) report more
hearing problems and (b) demonstrate a higher level of
awareness toward hearing health compared to their amateur
counterparts. Additionally, this research aimed to delve into
the usage, experiences, and effectiveness of various strategies
employed to protect hearing health. An important facet of this
exploration was to identify and analyze the key factors that
influenced the adoption rates of hearing protection and
hearing aids among musicians. Subsidiary to these main
goals, the study also explored the influence of demographic
factors, specifically age as a critical factor in HL, on these
relationships.

Methods

Participants

In total, 582 amateur musicians and 646 professional musi-
cians initiated the survey. The recruitment strategy for this
cross-sectional survey was multifaceted, targeting not only
orchestral musicians but also choral musicians, conductors,
and the orchestral management. However, this article
focuses exclusively on orchestral musicians. Accordingly,
nonorchestral musicians, participants who completed less
than 50% of the survey, and those who took less than 7
minutes to complete the survey (which was identified as a
minimal duration for any serious response strategy) were
excluded from the analysis (n=617). To further qualify
musicianship among the amateur sample, a criterion based
on the question “How many years have you practised an
instrument regularly and daily?” was applied, using a
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cut-off of 6 years for regular practice (see Zhang & Schubert,
2019). This resulted in the exclusion of additional 16
participants.

Final Sample. After implementing the aforementioned exclu-
sion criteria, the final sample comprised 282 professional
musicians (Mg =49.2, SD=11.3, range=25-65 years;
130 females, one nonbinary, 12 not specified) and 313 ama-
teurs (M,g.=49.5, SD=18.8, range=25-85 years; 184
females, seven not specified). For a more nuanced description
of the level of musical sophistication among the amateur
musicians, see Figure Al in Supplementary Materials.

Procedure

The survey was administered from February 2022 to
February 2023. Recruitment for this cross-sectional survey
was conducted in collaboration with the German Orchestra
Association through an internal newsletter, complemented
by email invitations distributed to amateur orchestras
within Germany and musicians in Austria. The questionnaire
itself was provided by an online web application for creating
online surveys called “SoSci Survey” (v.3.2.44; Leiner,
2019). Participants were explicitly asked to choose a
survey version depending on whether they play music on
an amateur or professional level. To accommodate linguistic
diversity in orchestras, the questionnaire was available in
both English and German, allowing for language selection
at any point during the survey. Prior to commencing the
survey, participants provided informed consent, acknowledg-
ing that participation was both anonymous and voluntary.
Notably, no monetary or other incentives were offered for
participation. All participants were instructed to complete
the survey in their own time, and it was explicitly stated
that participants could selectively skip questions if desired.
On average, the survey took about 20 minutes to complete.
This study was approved by the Carl von Ossietzky
University Oldenburg ethics review board (Drs.EK/2021/
114).

Materials

Data were collected on demographic variables and musical
background details, including age (categorized in 10-year
intervals from “up to 30 years” to “80+ years”), gender,
primary (contract) instrument, orchestra category, and reper-
toire. To assess HL, participants were asked to report their
latest audiological reports if available. Those without prior
audiological assessment completed an adapted version of
the Hearing Aid for Music questionnaire (Greasley, 2022;
see Table Al and Table A2 in Supplementary Materials).
HL was then categorized using the classification system of
the World Health Organization (2001) and was then
adapted from Martini (1996) to ensure the inclusion of
milder forms of HL. This adaptation provides a more

sensitive measure of HL, which is particularly important
for assessing musicians who might experience subtle, yet
impactful, changes in their hearing (see also Humes, 2019).
Accordingly, in this study, the following adapted classifica-
tion was used: mild HL: 20-40 dB HL (i.e., adapted from
Martini, 1996), moderate: 41-60 dB HL (WHO), severe:
61-80 dB HL (WHO), profound: >81 dB HL (WHO).
Additional items targeted hearing protection usage.
Specifically, participants were asked to report the number
of hours they spend per week practising alone, rehearsing
in groups, and performing at concerts—while also including
measures on the frequency and type of hearing protection
used during these activities. To further assess hearing
health-related issues, the questionnaire incorporated several
metrics: scales for estimating musical sound levels, measur-
ing musical sophistication, evaluating hearing-related
quality of life, scales to identify music-related and daily
life hearing challenges, and a hearing aid disapproval scale.

Music Sound Level Exposure. The Noise Exposure Structured
Interview (NESI; Guest et al., 2018) was adapted into a
survey to measure musicians’ yearly noise exposure units
(unit of noise exposure (UNE)). The UNE represents a
typical yearly exposure to 90 dB-A noise over 2080 hours
(52 weeks of 8-hour workdays). Accordingly, if a musician
accrues one UNE over the period of one year, it is analogous
to, for example, a construction worker, being exposed to 90
dB-A work-related noise for 52 weeks, 8 hours each
working day. The UNE was calculated using the following
equation:

W % 44(weeks)

UNE =
2Ogo(hours)

L=90ap)

L-A-904p)
* (P*IO T L (1= Py« 10 0 )

where, W is the number of hours of instrumental noise expo-
sure per week, 2080 corresponds to the number of hours in a
working year, P is the proportion of time that hearing protec-
tion was worn (0 to 1), L denotes the noise level in dB-HL,
and A represents the level of attenuation provided by
hearing protection in dB. Hours of exposure were based on
self-reported averages for practice, group rehearsals, and
concert performances. Noise levels (L) were estimated
from literature for different instruments and settings (see
Tables A3—A4 in Supplementary Materials). Hearing protec-
tion usage frequency was converted to probability estimates
(e.g., “always” =100%). Attenuation values (A) were based
on data from Guest et al. (2018; see Tables A5-A6 in
Supplementary Materials). Lifetime music noise exposure
(L-UNE) was derived by multiplying years of exposure by
UNE and was log-transformed for analysis. Years of expo-
sure for amateur musicians were calculated based on the
reported years of playing an instrument. Notably, the exact
years of exposure for professional musicians was not
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available. Instead, years of exposure were projected by
assuming professional musicians would commence their
musical education no later than the age of 10 years and
begin to perform within orchestra rehearsals and concerts
no later than the age of 20 years. This approach likely disre-
gards a significant portion of years of instrumental noise
exposure (average starting age of professional musicians
have been reported to lie between 6 and 8 years, see
Wesseldijk et al., 2020), yet also implements a rather conser-
vative strategy in the estimation of lifetime music sound
exposure. As participants reported both the type of hearing
protection used and their usage frequency in various
musical settings, UNE was calculated for individual practice,
rehearsals and concerts separately and was then combined
into a final aggregated score.

Hearing-Dependent Daily Activities (HDDA) Scale. The
HDDA is a 12-item scale that assesses the impact of HL on
daily life (Hidalgo et al., 2008). This scale includes subscales
for the ability to perceive basic sounds in everyday life and a
subscale assessing the impact of HL on social interactions.
Participants responded to questions regarding their hearing
abilities in daily life on a 3-point Likert scale (with the
options “No, I can’t”; “With some difficulty”; “Yes,
without difficulty”). The HDDA subscore for basic sound
perception yields a final score ranging from O to 8, and
social interactions spanning from 0 to 16. In both instances,
a score of 0 denotes severely impaired hearing abilities. The
HDDA is typically used for rapid HL screening, employing a
cut-off score of >18 to indicate NH (Jacob et al., 2017). Here
it is also used as a variable to estimate hearing difficulties in
daily life settings.

Goldsmith Musical Sophistication Index (GMSI).
Amateur musicians were asked to complete the short
version of the GMSI (Miillensiefen et al., 2014). The short
GMSI is a brief, 18-item self-report questionnaire that
assesses several aspects of musical expertise. It was designed
to capture respondents’ overall level of musical sophistica-
tion by using subscales for active engagement, emotions,
musical training, perceptual abilities, and singing abilities.
Participants were asked to respond to a 7-point-Likert scale
(1= completely disagree to 7=completely agree). The
final composite score ranges from 18 to 126, with higher
scores indicating higher level of general musical
sophistication.

Health-Related Quality of Life (VR-12). Participant health-
related quality of life was assessed through the application of
the Veterans RAND 12 Item Health survey (Buchholz et al.,
2017). This tool is widely recognized and validated for use
across various demographic groups. The VR-12 question-
naire invites responses to statements such as “How would
you describe your state of health in general,” which partici-
pants rate on a S-point Likert scale (I = “poor” and 5 =

“excellent”). The survey culminates in two distinct subscales,
the VR12-PCS and VR12-MCS, each of which are dedicated
to the evaluation of physical and mental health, respectively.
Both subscales are scored within a range of 0 to 100, with
higher scores indicative of a higher reported quality of life.

Music-Related Hearing Problems (MRHP) Scale. Participants
rated six items (e.g., “I have the impression that the sound
is washed out/ blurred”) on a 5-Point-Likert-Scale, ranging
from 1 =“always” to 5 = “never.” The latent one-factor struc-
ture was confirmed through confirmatory factor analysis
(CFA), showing an internal consistency of o«=.82 and R?
=.44. Final scores on the scale span from 0 to 10, where
higher values are indicative of more severe MRHP (see
Table A7 in Supplementary Materials for details).

Hearing Health Awareness (HHA) Scale. The HHA scale is
composed of seven items (e.g., “Hearing health is extremely
important to me.” on a 4-Point-Likert-Scale; 1= “true/
applies” to 4 =“not true/does not apply.” The scale encom-
passes aspects such as the perceived strength of sound level
exposure while playing music (n=3), general attitudes
toward hearing health (n=3), and the attitude about
wearing hearing protection while performing music (n=1).
The CFA achieved a good model fit with an R* value of
.33 and a Cronbach’s alpha of .74. The final scores span
from O to 10, with higher values being indicative of higher
HHA (see Table A8 in Supplementary Materials for details).

Hearing Aids Disapproval (HAD) Scale. The HAD utilized five
items (e.g., “It irritates me, when colleagues with hearing
impairments wear hearing aids.”), encompassing aspects
such as underlying apprehensions, societal perceptions, and
potential stigma associated with the use of hearing aids
among musicians (4-point Likert scale, 1 = “true/applies” to
4 =*“not true / does not apply”). The CFA yields an internal
consistency of a=.79 with an R*=.44. The scores derived
from this scale range from 0 to 10, where higher values indi-
cate a greater disapproval toward hearing aids (see Table A9
in Supplementary Materials for details).

Analysis

All statistical analyses were conducted using R statistical
software (version 2022.07.2 +576; RStudio, 2020). Given
the non-normally distributed nature of the data set, the
Wilcoxon rank-sum test (also known as the Mann—Whitney
U test, abbreviated as W [sample n]) was utilized for compar-
ing two groups. For comparisons involving more than two
groups, the Kruskal-Wallis test was employed, abbreviated
as H [degree of freedom 1, degree of freedom 2]. Post-hoc
comparisons involved pairwise Wilcoxon rank-sum tests
with a Bonferroni correction to control Type I error rates.
Effect sizes and confidence intervals, in addition to
p-values, were reported to provide a more comprehensive
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understanding of the results. The rank-biserial correlation
(rw; see Kerby, 2014) was used as the measure of effect
size for the Wilcoxon rank-sum tests, with ry values
ranging from O to |1l. Values approaching 0 indicate a negli-
gible effect, while an ry, greater than .1 suggests a small
effect. An ry, exceeding .3 is indicative of a medium effect,
and those above .5 signify a large effect. To supplement
the Kruskal-Wallis test results, the Epsilon square measure
(¢*) was reported to quantify effect size. Epsilon square
values also range from O to 1, with higher values indicating
stronger effects. The median (Mdn) and the median absolute
deviation (MAD) were reported to address the nonparametric
nature of the data. MAD, as a measure of statistical disper-
sion, indicates variability, with higher MAD values suggest-
ing greater variability. Spearman’s rank-order correlation
was used to assess relationships between continuous and
ordinal data. The Chi-squared test was applied for categorical
variables. In cases of missing data, listwise deletion was
employed, leading to varying sample sizes for each analysis.
The investigation centers on a global perspective on the data
by mainly focusing on the results of the developed scales
which summarize multiple items of the survey. To establish
reliable scales for three latent constructs, the CFA was
applied via the lavaan package (v06-15; Rosseel, 2012) in
R (RStudio, 2020), utilizing all the data prior to any exclu-
sions. The internal consistency of the scale was assessed by
calculating Cronbach’s alpha, and various model fit indices
and percentage of explained variances were reported to
ensure the robustness of the established scales. For all three
scales, weighted least squares mean and variance adjusted
(WLSMYV) estimator was used. Additionally, the interested
reader may access the detailed data of every individual
item in the corresponding open access dataset (see Hake
et al., 2024).

Results

Musician Group Matching

Unmatched groups in comparative analyses can introduce
significant bias due to confounding variables, thereby under-
mining the internal validity of the analysis. To probe for pre-
existing differences between professional and amateur
musicians, a Chi-square test of independence was conducted,
showing an significant association between group mem-
bership (amateur vs. professional) for age, y%(7) =133.6,
p<.001. Upon further inspection it became apparent that
comparably few young (up to 30 years) and senior profes-
sional musicians (70 years and above) participated in the
survey compared to the amateurs (see Figure 1A).
Similarly, there were significant differences between group
membership for gender, y(3) =8.3, p=.004, and for partic-
ipants instrument family, ¥2(5) =23.5, p <.001 (see Table A3
in Supplementary Materials for the grouping of instruments).
Thus, participants’ musical group membership (professionals

vs. amateurs) demonstrated imbalance across age, gender,
and instruments family.

In order to mitigate confounding effects, a matching algo-
rithm was applied, utilizing the Matchlt package (v4.5.3; Ho
etal., 2007). This package serves as a statistical tool designed
to ensure comparability between professional musicians and
amateurs by balancing the participant groups on several key
demographics: age, gender, and instrument family of their
primary (contract) instrument. A combination of the
“optimal” and “exact” matching procedures was applied.
The most critical aspect of this approach was the exact
matching on age, since it significantly influences hearing.
This method ensured that each pair of participants—compris-
ing one professional and one amateur musician—was
matched “exactly” within the same age group. For the vari-
ables of gender and instrument family, the “optimal” match-
ing method was selected, coupled with the “Euclidean”
distance metric. Rather than matching each pair precisely,
this strategy aimed to minimize the overall distance across
pairs in these two dimensions. Essentially, the result is a sub-
sample in which each professional musician was balanced
strictly in terms of age, with a more flexible distribution for
gender and instrument family. This method allowed for a
more nuanced matching, taking into account the combined
effects of age, gender, and instrument family, while ensuring
that a sufficient number of participants are retained for subse-
quent analysis.

After matching, 82 unmatched subjects from the profes-
sional musician group, and 113 from the amateur group
were excluded. Accordingly, a total of 400 participants
remained for the analysis. The distributions for age, gender,
and instrument group before and after matching are repre-
sented in Figure 1. In conclusion, the matching process suc-
cessfully balanced the key variables of age, gender, and
instrument family between the professional and amateur
musicians. That is, there are no statistically significant differ-
ences between groups neither in age, y%(4) =0, p =1, gender,
22(3)=1.3, p=.73, and instrument group, y*(5)=1.27, p=
.94, after matching. It is critical to note that despite the
improvements in balance across these variables, other imbal-
ances remained post-matching, for example, in repertoire
played by the orchestra (see Figure A2 in Supplementary
Materials). The demographic distribution of the final
sample closely mirrors that of professional musicians in
Germany, with deviations from the reference populations
remaining within a 5% proportional margin. Thus, the
sample presented here can be regarded as representative
(see Versorgungsanstalt der deutschen Kulturorchester,
2021).

Hearing-Related Problems

Participants who had received professional audiometric eval-
uations were instructed to report the final results of those
assessments, specifically indicating whether they had been
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Figure |. Demographic profiles of amateur (pale red) and professional musicians (light blue) as a function of age, gender (A, C), and
instrument group distributions (B, D) before (upper row) and after the matching procedure (lower row).

diagnosed with mild, moderate, severe, or profound HL. For
participants who had not undergone professional audiometric
assessments in the past and were thus unaware of their spe-
cific degree of HL, they were instructed to self-estimate
their HL.. Almost all professional musicians stated to have
their hearing checked (97%), whereas only 72% of amateurs
had their hearing checked by a professional at least once
before. On average, the last appointment was 2.7 years ago
(SD=3.8) for professionals and 5.2 years (SD=6) for
amateurs.

Both self-estimated and self-reported results of profes-
sionally diagnosed HL were included in the analysis.
Overall, 22% of professionals (N =44) and 23% of amateurs
(N=46) reported having at least a mild form of HL (see
Figure 2). In addition, 24% of musicians (23.3% amateurs,
24.7% professionals) reported having tinnitus, 49.1%
(44.8% amateurs, 53.3% professionals) reported being over-
sensitive to high sound levels, and 15.9% (11.9% amateurs,
18% professionals) reported other hearing problems. There

were no significant differences of reported hearing problems
across groups (professionals vs. amateurs) for the degree of
HL, ¥2(1) =4.1, p = .26, tinnitus, y*(1) =1.84, p =.22, over-
sensitivity, y%(1) =2.87, p=.1, or reporting other problems,
¥2(1)=2.8, p=.12. Taken together, two-thirds (66.75%) of
the respondents reported experiencing at least one of these
kinds of hearing problems—a pattern that is indifferent to
the musician’s group membership, with 67.5% of amateurs
and 66% of professionals affected. Similarly, employing
the HDDA HL screening cutoff (<18 indicating mild impair-
ment; Jacob et al., 2017), a total of 107 individuals (48 ama-
teurs, 59 professionals) were classified as hearing impaired.
A chi-squared test found no significant difference in this clas-
sification between the groups, y%(1, N=385)=1.37, p=
242, further suggesting that the proportion of individuals
with hearing difficulties may be similar across both groups.

Furthermore, the analysis did not suggest any significant
difference in the MRHP scale between the groups of musi-
cians, Mdng; =.24; W=18554, p=.3, ry (rank biserial) =
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Figure 2. Distribution of reported HL among amateurs (pale
red) and professional musicians (light blue) by age group. Both the
self-reported audiological diagnoses and self-estimated HL are
considered. Accordingly, 5 responses from professionals and 56
from amateurs are based on self-estimated HL rather than
self-reported diagnosis from professional hearing screening. Note:
NA values have been omitted, so percentages do not accumulate
to 100%.

.06, 95% CI [-.06, .18]; see Figure 3. Differences were
observed, however, in the HDDA scale between the musician
groups. Professional musicians reported more problems in
social interaction (Mdn=12, MAD =4.45), compared to
amateur musicians (Mdn=13, MAD =2.97). Lower scores
indicate more severe hearing problems. The Wilcoxon
rank-sum test revealed this difference to be statistically signif-
icant, W(391)= 21,519, p=.03. The effect size was r,, =.13,
indicating a negligible effect. There were no statistically sig-
nificant differences between the groups in the HDDA subscale
for basic sound perception, W(391) = 14,300, p =.59.

Influence of HL and Age. When conducted irrespective of
musicians’ group membership (also excluding “I don’t
know” responses), a Kruskal-Wallis test indicated statisti-
cally significant differences in MRHP scores across the par-
ticipants’ degree in hearing-impairment, H(2, 374)=27.4, p
<.001, with a subtle effect size (¢2=.07; see Figure 3). The
median MRHP factor score was 1.14 (MAD = 1.7) for musi-
cians with NH, 1.61 (MAD = 1.8) for the “mild hearing loss”
(mild HL), and 4.23 (MAD = 1.5) for the “at least moderate
HL” (moderate HL). A post-hoc pairwise Wilcoxon
rank-sum test revealed that the differences were significant
between the “NH” and the “mild HL” (p=.02), between
the “NH” and the “at least moderate HL” (p<.001), as
well as between the “mild HL” and the “at least moderate
HL” group (p=.001). Likewise, HDDA scores showed sig-
nificant effects with the reported degree of HL. The Kruskal—
Wallis test revealed significant variance across the HL types,
H(2,391)=100.4, p<.001, with a moderate effect size (2=

.27). The Wilcoxon post-hoc test confirmed significant dif-
ferences between all groups, that is, “NH” (Mdn =14,
MAD=3) and both “the mild HL” (Mdn=9, MAD =3)
and “at least moderate HL” (Mdn=6, MAD=1.5), and
also between the latter two (all comparisons reach p <.001).

No statistically significant differences were found for par-
ticipants’ MRHP scores between age groups, H(4, 359)=
3.23, p=.52. In contrast, significant age-related differences
were observed in the HDDA subscore for social interactions,
H(4, 400)=23.2, p<.001, although the overall effect size
was marginal (¢2=.06). Post-hoc analysis revealed statistically
significant differences between the “below <30” (Mdn= 14,
MAD =3) and “50-59” age groups Mdn=11, MAD=3; p
=.03), as well as between the “30-39” (Mdn= 14, MAD =
3) and both the “50-59” (p =.001) and “60-69” (Mdn = 12,
MAD =4.5, p=.007) age groups. No other age group com-
parisons yielded statistically significant results.

Use of Hearing Protection

Overall, a majority of participants (59.4%, N=240)
acknowledged that playing music poses a risk to their
hearing health due to the exposure to high sound levels;
however, merely 52% of those who recognized the risk
chose to wear any hearing protection. More strikingly, over
35% of respondents who affirmed the statement (respond
with “true”)—“The sound levels in the orchestra are so
high at times that I should wear ear protection”—and 77%
of those who concurred with “rather true”, abstained from
using hearing protection all together. In group comparisons,
professionals exhibit a markedly higher tendency to use
hearing protection compared to their amateur counterparts
(53.5% of professionals vs. 12% of amateurs). However,
the majority of musicians reported rarely or never using
hearing protection, with percentages ranging from 72.5% to
82.4% for amateurs and from 14.5% to 70.6% for profession-
als, depending on the playing context (Detailed statistics are
provided in Table 1). Notably, only 4% of professional musi-
cians reported always using hearing protection during indi-
vidual practice, compared to .5% of amateurs. This
discrepancy widens during rehearsals, with 9.9% of profes-
sionals versus 0% of amateurs always using hearing protec-
tion. The trend persists during concerts, where 10.4% of
professionals and only 1.5% of amateurs consistently use
hearing protection. By combining reported hearing protec-
tion usage with individuals’ total instrumental playing time
(similar to the method used for estimating the probability
of attenuation in the UNE), it was found that amateurs
spent 79.5% of their playing time unprotected, 19.5% par-
tially protected (e.g., using protection in one ear or occasion-
ally removing it), and 1% fully protected. In contrast,
professional musicians spent 34% of their playing time
unprotected, 57% partially protected, and 9% fully protected.

When examining the consistent use of hearing protection
in conjunction with the degree of HL, a significant trend was
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Figure 3. Amateur (pale red) and professional musicians (light blue) scores for the MRHP scale (higher scores equals more severe
problems) and the HDDA (lower scores equals more severe problems). Panel A and D compare MRHP and HDDA in social situations
scores between amateur and professional musicians. Panels B and E categorize MRHP and HDDA in social interactions by HL severity (NH,
mild HL, at least moderate HL). Panels C and F illustrate MRHP and HDDA in social interactions across age cohorts. Here and in the
following, boxplots represent the median and interquartile ranges of scores on the right side and individual responses on the left and NA

values are excluded.

observed, H(2, 364) =13.25, p=.001. Specifically, analyzed
irrespective of musicians group membership, 3% (SD =.15)
of respondents with NH always used hearing protection. This
percentage increased to 5% (SD=.19) among those with
mild HL and surged to 22% (SD =.36) among individuals
with at least moderate HL. Post-hoc pairwise Wilcoxon
rank-sum tests revealed significant differences between
those with at least moderate HL. and mild HL (p <.001), as
well as between those with at least moderate HL. and NH

(p=.03).

Noise Exposure

Professional musicians reported significantly higher practice
and performance durations than their amateur counterparts.

On average, professionals engaged in 7.1 hours (SD=4.2)
of weekly practice for concerts, whereas amateurs reported
an average of 8 hours (SD =1.4). Rehearsal times followed
a similar pattern, with professionals practising 15.2 hours
weekly (SD =5.9), in contrast to 3 hours (SD =2.3) for ama-
teurs. Besides group performances, professionals also prac-
tised more (i.e., individual practice), averaging 8.6 hours
per week (SD=5.1) compared to amateurs’ 3.6 hours (SD
=3.7).

Based on these practice habits, instrument groups, and
hearing protection usage, participants’ self-reported musical
UNE was derived. Following the classification by
Prendergast et al. (2017), individuals with a log;o(L-UNE)
of one or higher were categorized as having high noise expo-
sure—equivalent to a decade of exposure at 90
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dB-A. According to this criterion, a proportion of 50% of
professional musicians were classified within the high noise
exposure group, a figure that contrasts with the 9.9% of
amateur musicians, as illustrated in Figure 4.

In addition, the Wilcoxon rank-sum test revealed signifi-
cant group differences in UNE and L-UNE: Professional
musicians registered almost three times higher median
levels of musical sound exposure (UNEyq, =.34, MAD =
.25) and almost four times higher lifetime music noise expo-
sure (L-UNEyq4, = 10, MAD =8.1), relative to their amateur
counterparts, who reported lower levels of UNEy4,=.09
(MAD =.07) and L-UNEpg, =2.1 (MAD =1.91). These dif-
ferences were statistically significant for both UNE, W(364)
=5828, p<.001, and L-UNE, W(364)=5291, p<.001.
The effect sizes were considerable, with ry, =—.65, 95% CI

[-.71, —.57] for UNE and r,=—.68, 95% CI [-.74, —.61]
for L-UNE. Notably, 57% of amateurs’ lifetime music
noise exposure have been experienced during individual
practice, 33% during rehearsals, and 10% during concerts.
In contrast, professionals experienced 49.4% during practice,
34.2% during rehearsals, and 16.4% during concerts.

Influence of HL and Age. In examining the association
between UNE and age, the following pattern emerged:
UNE was found to be highest among the youngest partici-
pants, with those under 30 years showing a median UNE
score of .35 (MAD =.34). Overall, the UNE score decreased
with age, reaching its lowest values in the 40—49 age group,
with a median score of .14 (MAD =.16), and remaining that
low for the rest of the musician’s career (see Figure A3 in

Table |. Descriptive Statistics of Hearing Protection Usage by Professional and Amateur Musicians.

Use of hearing protection Never Rarely Sometimes Mostly Always Not applicable
Individual practice time
Amateur 160 15 7 3 | 8
(82.4%) (7.8%) (3.6%) (1.5%) (.5%) (4%)
Professionals 137 27 13 4 8 5
(70.6%) (13.9%) (3.7%) (2%) (4%) (2.6%)
During rehearsals
Amateur 140 17 22 7 0 7
(72.5%) (8.8%) (11.4%) (3.6%) (3.6%)
Professionals 28 62 59 22 19 2
(14.5%) (32.3%) (30.7%) (11.5%) (9.9%) (1%)
During concerts
Amateur 148 20 9 3 3 9
(77.1%) (10.4%) (4.7%) (1.5%) (1.5%) (4.7%)
Professionals 58 46 52 14 20 2
(30.2%) (24%) (27%) (7.3%) (10.4%) (1%)
Note. N =400; “NA” values are omitted.
(B)
1.00 A
0.754
%“ Groups
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Figure 4. Musical sound exposure per year (UNE) and the cumulative (lifetime) music sound exposure (L-UNE) for amateur (pale red) and
professional musicians (light blue).’Density’ refers to the empirically estimated probability density function.
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Supplementary Materials). This effect was statistically signif-
icant, H(2, 364)=23.2, p<.001, demonstrating a marginal
effect size (e2=.04). Post-hoc analyses utilizing pairwise
t-tests revealed that the “below 30" age group is significantly
higher when compared with the “40-49” (p <.01), the “50—
59” Mdn=.16, MAD =.17, p<.0l), and “60-69” (Mdn =
.18, MAD=.19, p=.04) age groups. With respect to the
degree of HL, no significant differences were observed—
neither for the UNE, H(2, 364)=.58, p=.75, nor the
L-UNE, H(2, 364)=1.02, p=.6.

Hearing Health Awareness

In the present study, musicians generally perceived hearing
health as a topic that does not receive enough discussion,
with 71.5% affirming this view as either “rather true” or
“true”. This sentiment was slightly more common among
amateurs (78.5%) compared to professionals (64%).
Furthermore, a significant majority (74.75%) expressed a
desire for regular counselling on the topic of hearing health
and hearing impairment (at least “rather true”), with a
higher interest demonstrated by professional musicians
(81.5%) compared to amateurs (68%). However, a quarter
of respondents (24%) expressed reluctance, responding
with “not true” or “rather not true” when asked if they
would discuss their HL openly. These rather negative atti-
tudes toward hearing health were further reflected in the
HHA factor scores. Overall, amateur musicians exhibited
lower average awareness scores (HHApq, =4.1, MAD =3)
compared to professional musicians (HHApg, =8.1, MAD
=1.3). This difference was statistically significant, W(359)
=5711, p<.001, with a very strong effect size (ry, =—.65,
95% CI [-.71, —.6]), suggesting a substantial difference in
HHA between amateur and professional musicians (see
also Figure 5).

Influence of HL and Age. The HHA factor scores also revealed
significant differences across HL categories, H(2, 359)=9.4,
p=.01; see Figure 5B. The NH group had a median HHA
score of 6.2 (MAD =3.3), the “mild HL” group 7.1 (MAD
=2.4), and the “at least moderate HL.” group 8.3 (MAD =
1.4). However, the effect size was rather small (e2=.03).
The corresponding post hoc test found only the difference
between the “NH” and “at least moderate HL” group in
HHA scores to be statistically significant (p =.03). In terms
of age, no differences in HHA factor scores could be
observed, H(4, 359)=3.2, p=.52.

Hearing aid Disapproval

The analysis of the HAD scale revealed significant differ-
ences in approval ratings between amateur and professional
musicians. Professional musicians exhibited higher levels
of disapproval toward hearing aids (HADpq, =6, MAD =
3.2) compared to their amateur counterparts (HADyq, =

2.6, MAD =3.9; see Figure 5). This difference was statisti-
cally significant, W(335)=9584.5, p<.001, and demon-
strated a moderate effect size, ry, = —.32, 95% CI [—.42, —.2].

Influence of HL and Age. Moreover, the data indicated a rela-
tionship between age and HAD scores, with the Kruskal—
Wallis test showing statistically significant differences and
a small effect size, H(4, 335)=11.44, p=.02, €2=.03.
Pairwise post-hoc tests indicated that the youngest age
group “below 30 years” exhibited lower disapproval scores
Mdn=.75, MAD =1.1) compared to the 40-49 years age
group (Mdn=35.51, MAD =2.8), which showed the highest
disapproval ratings, p =.015 (see Figure 5F). Despite these
differences, an overall trend related to age was not observed,
as Spearman’s correlation revealed a nonsignificant relation-
ship between participants’ age and their HAD scores, r(333)
=.05, p=.396. Conversely, HAD scores did not significantly
vary across musicians with different types of HL, H(2, 335) =
44, p=8; see Figure 5E.

Hearing aid Usage

The proportion of respondents using hearing aids was low.
Only 7.8% of respondents (Nyw=31) reported using
hearing aids or having tried them in the past. This usage
rate was slightly lower among amateurs (6.5%, N = 13) com-
pared to professionals (9%, N = 18). The average duration of
hearing aid use among these individuals was approximately 9
years, with a slightly longer average usage reported among
amateurs (9.8 years) versus professionals (8.6 years).
Among those participants who reported wearing hearing
aids, a large majority (79.7%) reported improvements in
their hearing (“agree” or “totally agree”). However, the ben-
efits from hearing aids appeared to be uneven across different
auditory tasks. Those respondents who reported to use
hearing aids regularly (Nop = 15) found hearing aids to be
at least somewhat helpful for speech (100%). Similarly,
73% (N=11) reported benefits for listening with ambient
noise in the background. However, the effectiveness of
hearing aids for music listening was deemed inadequate by
many, with only 60% (N=9) finding them useful for this
purpose. This issue was further underscored by 54% (N=
8) of respondents who reported the quality of hearing aids
as “rather not sufficient” for making music. Consequently,
many refrained from using them, with 33% (N =5) reporting
they never used hearing aids for music listening.

Health-Related Quality of Life

In the evaluation of veterans health-related quality of life
scale (VR-12), no significant differences were observed
between amateur and professional musicians with respect
to the mental health component score, VR12-MCS; W(353)
= 16,465, p=.35, see Figure 6, or the physical health com-
ponent score, VRI12-PCS; W(353)= 16,435, p=.37.
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Furthermore, no differences could be observed between dif-
ferent degrees of HL and the VR-12, H(4,364) =.58, p=.75.
However, the mental health component score correlated with
age, r(364)=.29, p<.001, with musicians below 30 years
reporting the worst mean scores (M =38.6, SD=12), and
the oldest age group of 60 + years the least inclination of
mental quality of life issues (M =48.9, SD=9.5).

Interscale Correlation Analysis

In the interscale correlation analysis, significant correlations
among variables related to age, MRHPs, hearing in daily
life, HHA, and health related quality of life indicators were
found (for detailed correlation matrices, see Table 2).
Specifically, a positive relationship was found between the
UNE and HHA, r(330)=.24, p<.001, indicating that indi-
viduals with higher noise exposure report greater awareness
of hearing health related issues. Furthermore, a relationship
was observed between HHA and the HDDA subscale for
social interactions, r(350)=-.32, p<.001, and with
MRHP, r(345)=.20, p<.001. Besides that, MRHP was
moderately correlated with the HDDA subscale for social
interactions, r(365)=-.39, p<.001. These findings imply
that difficulties in hearing, both in social and musical con-
texts, often co-occur and are associated with heightened
awareness of hearing health. Intriguingly, however, the
UNE did not significantly correlate with either the HDDA
subscale for social interactions, r(355)=0, p=.75 or
MRHP, r(342)=—-.08, p=.152. Lastly, there was a notable
negative correlation between MRHP and the mental health
component of quality of life, r=—-.23, p<.001.

Discussion

A focal point of this investigation was to determine whether
professional musicians would (a) report a greater incidence
of hearing problems and (b) exhibit a heightened awareness
toward hearing health compared to their amateur

counterparts. To allow for a nuanced comparative analysis
between these musicians, a carefully curated and balanced
subsample of 200 professional and 200 amateur musicians,
matched based on age, gender, and instrument family param-
eters was established.

Noise Exposure and Musicians Hearing Problems

The comparative analysis highlighted notable discrepancies
in weekly music exposure, with professionals averaging
30.9 hours and amateurs 7.4 hours of active playing. These
figures align with prior findings, stating average practice
times of 24-30 hours per week for professional musicians
(e.g., Laitinen et al., 2003, Schmidt et al., 2011). The study
considered estimates of sound level exposure across
various playing settings, from solitary practice to full orches-
tral rehearsals, alongside the attenuation of music noise expo-
sure via hearing protection usage, thereby establishing a
measure for lifetime music noise exposure. The results
revealed that professional musicians experience almost
three times the yearly music sound exposure and nearly
four times the lifetime exposure compared to their amateur
counterparts. This significant disparity persists despite a
higher occasional usage of hearing protection among profes-
sionals (53.5%) compared to amateurs (12%). Examining
lifetime exposure, 50% of professional musicians, as
opposed to ~10% of amateurs, reached an exposure level
equivalent to experiencing 90 dB-A for 8 hours daily, 5
days a week, over 52 weeks annually, for a decade. Such
levels of exposure, accumulated solely through music
playing, are alarming, as they mirror conditions known to
cause permanent HL, as documented in various studies and
guidelines (e.g., Imam & Hannan, 2017; Liedtke, 2010; see
also “Konigsteiner” and “NIOSH” recommendations; Chan,
1998; Deutsche Gesetzliche Unfallversicherung, 2013,
2020).

As a consequence of these high levels of music sound
exposure, it was hypothesized that professional musicians

Table 2. The Correlation Matrix of Selected Tests from the Test Battery.

HDDA VRI2
Variable Age UNE LUNE MRHP (social) HAD HHA (mental)
Age — —-.08 24k -0l — 2200 .05 -.02 — 3w
UNE 364 — R R —-.08 .02 .10 24k .01
LUNE 362 362 — —-.08 —-.06 14* 2TH 2%
MRHP 374 344 342 — Sk A — 7% 20%* —.24kk
HDDA (social) 391 357 355 367 — —.14% —.32%k 20
HAD 335 312 310 326 330 — ) oo —.13%
HHA 359 330 328 347 352 317 — —.13*
VR12 (mental) 353 325 323 340 346 314 332 —

Note. In the upper right half of the correlation matrix, the results are presented as Spearman’s correlation coefficients (rho). The lower half of the matrix
displays the respective sample sizes (N) used in each analysis. Significance levels are indicated as follows: *p < .05, **p < .01, and ***p <.001. Significant values are

highlighted in bold.
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would experience more severe hearing problems—both
music-related and in daily life contexts—compared to ama-
teurs. Indeed, two thirds of the musicians reported some
kind of hearing problems. But despite the reported differ-
ences in musical engagement and its influence on music
noise exposure levels, almost no group differences in
reported hearing problems could be observed. Specifically,
professional and amateur musicians reported comparable
rates of self-reported HL (22% amateurs vs. 23% of profes-
sional), experiences with tinnitus (23.3% amateurs vs.
24.7% of professional), and oversensitivity to loud sound
levels (44.8% amateurs vs. 53.3% of professional). Also
scores from the MRHP scale and the subscore of the
HDDA subscale for basic sounds did not differ significantly
between professionals and amateurs. Furthermore, we could
neither find an association of noise exposure with HDDA or
MRHP, nor could we predict differences between the degree
of HL with the music UNE. There was only one domain in
which professional musicians reported significantly more
severe hearing problems compared to amateurs: in the
HDDA subscore for social interactions—with a rather
small effect size.

The reported prevalence of hearing disorders among musi-
cians, as found in this study, aligns with prior surveys (e.g.,
Harper, 2002; Hasson et al., 2009), yet the lack of a signifi-
cant difference between professional and amateur musicians
in terms of hearing impairments, despite differing levels of
music noise exposure, is notable. This observation resonates
with challenges faced by other researchers, such as
Prendergast et al. (2017) and Russo et al. (2013), who also
reported difficulties in establishing a straightforward link
between levels of noise exposure and hearing impairments
among musicians (see also Maghiar et al., 2023). Several
reasons may account for these findings.

One possible explanation is that perceptual differences in
hearing impairments that result from prolonged noise expo-
sure may manifest gradually and too subtle for detection
through self-report methods. Furthermore, musicianship has
been linked to enhanced auditory abilities such as improved
rhythm perception, pitch discrimination, and timbre identifi-
cation (e.g., Grahn & Rowe, 2009; Micheyl et al., 2006;
Nave-Blodgett et al., 2021; Tuznik et al., 2018; Zendel &
Alain, 2012). There is even some evidence suggesting
musical training may also benefit speech perception
(Coftey et al., 2017), which is, however, still under debate
(e.g., Madsen et al., 2019; McKay, 2021). Accordingly,
musical training might be conceived to compensate for the
negative effects of hearing impairments. Considering that
two-thirds of the participants in this study are under 60
years of age, the subtle nature of noise-induced hearing
changes, coupled with potential compensatory mechanisms
developed through auditory training, could make early detec-
tion challenging. Thus, broad survey methods may not effec-
tively capture these nuanced individual variations and
contexts. Future studies should consider integrating hearing

assessment methods, such as high-frequency extended pure-
tone audiometry (e.g., Couth et al. 2020, 2024), to validate
self-reported data and ensure more robust findings.

Another potential explanation of these findings could
relate to the operationalization of the unit of UNE score.
This metric, designed to provide a coarse estimate of pro-
longed noise exposure, is based on several assumptions
that may affect its precision in identifying correlations with
hearing problems. A key factor is the specific instrument
and the repertoire played by musicians, as these can signifi-
cantly impact sound exposure. For example, Schmidt et al.
(2011) noted a substantial difference of 9.6 dB between rep-
ertoires, underscoring the repertoire as a significant factor in
musicians’ exposure (also see Laitinen et al., 2003;
Rodrigues et al., 2014). Moreover, the model adopts a con-
servative approach, considering a constant noise exposure
during individual practice from the age of 10 and orches-
tral/rehearsal noise exposure from age 20. This cross-
sectional method does not account for variations in playing
times throughout a musician’s career and life, instead it pre-
sumes a constant exposure over time. Furthermore, the NESI
examination instrument (Guest et al., 2018) used to calculate
the musicians’ sound level exposure was originally designed
to capture both occupational and recreational activities.
However, in this study, it was only applied to sound exposure
from instrumental music encountered during active music-
making activities. Recreational music listening and other
everyday sources of noise exposure were not considered.
Couth et al. (2020) utilized the same instrument but included
recreational activities to calculate the total lifetime noise
exposure between musicians and nonmusicians (not specifi-
cally excluding amateur musicians), finding similar levels
of exposure for both groups when recreational activities
were included, as the majority of noise exposure could be
attributed to recreational activities. Accordingly, in our
sample, the musicians’ total lifetime noise exposure may be
more similar when recreational activities are taken into
account, which could explain the lack of differences in
reported hearing problems between professional and
amateur musicians. It is conceivable that employing more
detailed estimates, which account for different career
phases and other noise exposure contexts, might uncover
effects that the current methodology does not detect. Still,
recent work by Couth et al. (2024) also shows minimal
effects on hearing from noise exposure utilizing a longitudi-
nal design, suggesting that the effects observed in this study
may remain stable over time.

Certainly, establishing a direct link between musical
sound exposure and hearing impairments proves challenging
(see also Couth et al., 2020; Elmazoska et al., 2024; Kahari
et al., 2001a; 2001b), which suggests that the risk of noise-
induced HL in musicians might have been overestimated in
previous research. Additionally, there is evidence that occu-
pational noise, such as that encountered on construction sites,
may be more detrimental to hearing than recreational sound,
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including music, possibly due to the dynamic nature of
musical sounds (Neitzel & Fligor, 2019). Nonetheless, it is
crucial to recognize that many musicians, both amateurs
and professionals, are exposed to exceptionally high noise
levels during their practice and performances. This exposure
is particularly pronounced during individual practice ses-
sions, where long uninterrupted playing and infrequent use
of hearing protection are common. Thus, in sum, these find-
ings underscore the importance of preventive measures to
preserve musicians’ hearing health.

Preventive Measures and Hearing Health Awareness

While hearing protection devices offer great potential for
improving musicians’ hearing health, their utilization
remains alarmingly low. The analysis showed greater (occa-
sional) usage of hearing protection among professional musi-
cians (53.5%) compared to amateurs (12%). This is evident
despite 73% of professionals reporting that hearing protec-
tion impedes their performance; yet, musicians continue its
usage, demonstrating a complex balance between auditory
health and musical quality. The majority of musicians who
use hearing protection opt for customized solutions (profes-
sionals: 84%; amateurs: 65%), indicating an understanding
of the importance of personalized fit and comfort.
However, a concerningly low 1% of amateur musicians’
playing hours and only 9% of professional musicians’
playing hours are fully protected. In contrast, 80% of ama-
teurs’ and 36% of professionals’ playing hours remain
completely unprotected. Given the potential benefits of
hearing protection (e.g., Kwak & Han, 2021), these
numbers underscore the need for action to promote greater
hearing protection adoption within the music community.
Intriguingly, musicians demonstrate a pattern of increasing
HHA as their hearing problems worsen (as also noted by
Laitinen, 2005). This negative relationship exists in both
music-related settings and social interactions and is mirrored
in hearing protection usage: only 3% of those with NH use
full protection, increasing to 5% for those with mild HL
and a notable 22% for those with at least moderate HL.
These findings support the “reactive action” phenomenon,
where proactive measures are often taken only after issues
arise.

The low utilization rate of hearing protection resonates
with findings from nearly two decades ago, as reported by
Laitinen (2005), where 6% of Finnish musicians were
noted to always use hearing protection devices. The stagna-
tion in the adoption of protective measures, even considering
variations among different countries, underscores the neces-
sity for effective strategies and interventions that are specifi-
cally tailored to the unique needs of the music community.
Several factors influence the notably low uptake of hearing
protection across the musician community. On the one
hand, legislative measures play a crucial role; an overwhelm-
ing majority of professionals (97%) regularly undergo

hearing checks, typically every three years, as contrasted
with 70% of amateurs, who tend to seek audiologist consulta-
tions only once every seven years on average. Accordingly,
such regulatory mandates, as outlined in the German Noise
and Vibrations—Occupational Safety and Health Ordinance
(2007), are likely central in promoting higher rates of
hearing protection use among professional musicians.
Performance-related anxieties, on the other hand, contribute
to the reluctance in adopting hearing protection; 80% of pro-
fessionals and 32% of amateurs who refrained from using
hearing protection said they refrained from using hearing
protection because they are concerned their performance
might suffer. However, the primary factor is the lack of
awareness about hearing health issues. On average, amateur
musicians exhibited considerably lower average awareness
scores compared to professional musicians. This discrepancy
is most evident among younger musicians who, despite
facing higher music noise exposure, are least inclined to
use hearing protection. This finding contrasts with the
report by Couth et al. (2021), which indicated that 77% of
young musicians employ hearing protection at least once a
week. Intriguingly, young musicians (<30 years) in this
study had the highest awareness scores, prompting a
re-evaluation of the direct association between awareness
and behavioral change as proposed by Ajzen (1991) and
underscores the complexity of translating awareness into
action.

In conclusion, while establishing a clear link between
heightened awareness of hearing health and the consistent
use of hearing protection proves challenging, expanding reg-
ulatory measures to encompass amateur orchestras could offer
substantial benefits. Furthermore, addressing performance-
related anxieties and providing information on adaptation
processes to mitigate performance impacts could be pivotal
components of awareness programs (see also Couth et al.,
2021 for model strategies).

Hearing aid Usage

A mere fraction of musicians across both professional and
amateur settings (N=15) reported continuing usage of
hearing aids, highlighting a noteworthy yet anticipated low
utilization rate. Furthermore, 54% of these users expressed
that their hearing aids are not sufficient for making music,
and only 80% reported that hearing aids improve their
hearing at all. This finding aligns with existing literature indi-
cating that current hearing aid technologies may not suffi-
ciently cater to the specialized auditory needs of musicians:
Previous survey studies have demonstrated that although
hearing aids were perceived as useful in listening to both
live and recorded music, their efficacy was deemed less satis-
factory for live musical settings—a context of paramount
importance for musicians. Common issues reported include
distortion, acoustic feedback, imbalanced gain, and compro-
mised tone quality (Madsen & Moore, 2014). However, it is
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essential to acknowledge more recent studies presenting a
more favorable view. These suggest that hearing aid usage
can indeed improve music enjoyment and appreciation for
both speech and music (Chern et al., 2023).

One major concern in this research centers on the potential
underrepresentation of individuals with severe hearing
impairments who have found hearing aids to be ineffective
for musical tasks. Such individuals may have withdrawn
from musical activities altogether, thereby becoming statisti-
cally invisible within the current study sample. Indeed, more
than half of the respondents who reported having tried
hearing aids in the past (16 out of 31) refrained from using
them. This phenomenon may correspond to an instance of
“survivorship bias,” an analytical error characterized by an
undue focus on subjects that “survive” a given process
while overlooking those who do not. Those subjects who
report finding hearing aids effective are likely those who
have persisted in musical activities despite hearing chal-
lenges. This could inadvertently exclude the experiences of
those who have ceased musical involvement due to the inad-
equacy of hearing aids for music-related tasks. The recogni-
tion of survivorship bias and its potential impact on the
study’s findings has significant implications for this
research’s validity (that is, the reported utility rating are
likely an overestimation of the usefulness of hearing aids),
but also has implications for future investigative directions:
Subsequent studies could adopt sampling techniques specifi-
cally designed to capture the experiences of individuals who
have withdrawn from musical activities due to the limitations
of hearing aids and hearing impairments. By doing so, a more
comprehensive and accurate understanding of the true effec-
tiveness and limitations of hearing aids may be attained, espe-
cially in the domain of music perception and performance.

Our findings further underscore the pivotal role of atti-
tudes toward hearing aids as a moderator in the adoption
and sustained utilization of hearing aids among musicians.
In our study, professional musicians manifested a markedly
higher degree of disapproval toward HAD compared to
their amateur counterparts. Moreover, one out of four musi-
cians indicated hesitancy in openly discussing their HL in
public. This differential disapproval may be anchored in
both the stigmatization of hearing aids and their perceived
functional limitations within professional musical settings.
The constructed scale for HAD encapsulates multiple facets
that resonate with this notion, including irritation caused by
colleagues wearing hearing aids, reluctance toward nondis-
crete devices, apprehensions about diminished peer respect,
adverse audience perceptions, and the presumed incongruence
between professional musicianship and hearing aid use. These
elements collectively converge to form a pervasive stigma sur-
rounding hearing aids, particularly within the realm of profes-
sional musicianship. The implications of this aversion are
twofold. First, it elucidates an unexplored barrier to hearing
aid adoption among a specialized population. Second, it
offers a fertile ground for targeted interventions designed to

mitigate these attitudes, thereby potentially augmenting
hearing aid uptake and sustained usage among professional
musicians. Additional empirical inquiries are imperative for
a conclusive understanding of the dimensions and implica-
tions of hearing aid aversion in this particular cohort.

Importantly, the distribution of HAD among musicians
presents a bimodal pattern. While a considerable majority
exhibits minimal disapproval, a notable subgroup demonstrates
substantial disapproval of hearing aids. There is some indication
that older individuals tend to express higher disapproval toward
hearing aids, yet a straightforward relationship could not be
observed. Certainly, age-dependent inclination toward hearing
aid aversion merits further empirical scrutiny, as it could have
broader implications for targeted interventions aimed at enhanc-
ing hearing aid adoption among ageing musicians.

Musicians’ Overall Well-Being

No differences in terms of the health-related quality of life
scale could be observed between professional and amateur
musicians. The overall state of both physical and mental
health in our sample of amateur and professional musicians
can be characterized as healthy. This claim is substantiated
when comparing published benchmark values from popula-
tions undergoing healthcare challenges. For instance,
Buchholz et al. (2017) reported mean scores of 33 on the
physical sum scale and 41 on the mental sum scale in a pop-
ulation of patients undergoing orthopedic rehabilitation.
Similarly, a study by Hiippe et al. (2022) involving patients
with chronic pain reflected comparable results with average
scores of 28.1 and 37.6 on the physical and mental scales
respectively. In comparison, musicians from this study’s
sample demonstrates a substantially healthier profile, which
aligns more closely with scores anticipated from a generally
healthy population. However, there is considerable variabil-
ity in the subscale for mental health among participants,
with 113 musicians scoring below 40 (comparable to ortho-
pedic rehabilitation; see Buchholz et al., 2017) and 48
scoring below 30 (comparable to chronic pain; see Hiippe
et al., 2022). Notably, a significant proportion of those with
lower scores are in the youngest age group, indicating that
younger individuals tend to have poorer scores on mental
health. This is consistent with previous research into musi-
cians’ psychological well-being; for example, Kenny et al.
(2014) found that the youngest (female) musicians often
report the highest levels of performance-related anxiety.
Despite this, an increase in hearing issues related to music
and in daily-life was associated with a decline in mental
health-related quality of life, suggesting a significant psycho-
logical toll from these impairments.

Limitations

Several limitations must be acknowledged to contextualize the
present findings. First, despite the efficacy of the matching
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procedure in equalizing pivotal variables such as age, gender,
and instrument type, additional imbalances—such as the dif-
ferences in repertoire played—could not be completely con-
trolled for. Second, the process of matching inevitably led to
the exclusion of certain participants, thus reducing the
sample size. Nevertheless, the remaining sample (N =400)
was sufficiently robust to yield statistically meaningful
insights. Importantly, the matching strategy served to better
isolate the effects of the variables of interest by minimizing
potential bias due to confounding variables, thereby justify-
ing the concomitant reduction in statistical power.

A potential self-selection bias poses a concern for the gen-
eralizability of the results. The voluntary nature of participa-
tion suggests that the sample might disproportionately
represent musicians with a particular interest in hearing
health, possibly due to personal experiences with hearing
impairments. Consequently, the findings may exhibit a bias
toward greater HHA, or a higher incidence of hearing
issues compared to the general population of musicians,
thereby limiting the generalizability of the results.
However, it should be noted that many of the findings
align with prior research on hearing health among musicians,
not just in Germany but also in countries such as Australia
and Finland, yielding corroborative evidence to the present
study.

Additionally, the study’s reliance on self-reported data
introduces another layer of complexity. For example, exist-
ing literature suggests that participants in survey research
often overstate socially desirable behaviors (e.g.,
Tourangeau & Yan, 2007), thereby introducing measurement
error. This remains uncontrolled and might induce bias, par-
ticularly among musicians who are acutely aware of their
auditory capabilities and may report subtle issues irrespective
of actual noise exposure. Nevertheless, this propensity for
“over-reporting” is more pronounced in interviewer-
administered surveys than in self-administered question-
naires, especially when the latter are conducted anonymously
and voluntarily. Hence, while the present study has attempted
to mitigate this bias through its design, the possibility of mis-
representation of certain attitudes still warrants cautious
interpretation of the findings.

Conclusion

This study sheds light on the intricate relationship between
musicians’ unique hearing health challenges, attitudes, and
preventive behaviors in German-speaking orchestras.
Contrary to initial assumptions, professional musicians did
not universally experience higher levels of hearing-related
issues, despite encountering significantly greater levels of
music-related noise exposure. However, these musicians
were more proactive in adopting preventative measures
such as hearing protection devices. This proactivity did not
extend to hearing aid adoption, as professionals displayed
noticeable aversion to these devices—an aversion that

appears to be partly age-dependent. In this regard, amateur
musicians exhibited considerably lower aversion toward
hearing aids while showing lower general awareness of
hearing health. By highlighting the differences in exposure
and preventive actions between professional and amateur
musicians, the present study underscores the need for tailored
hearing health strategies by specifically suggesting a more
proactive and informed approach to the preservation of
hearing health within the musical community.
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