
Self-Reported Non-Auditory Effects of High Sound 
Pressure Levels Exposure in Academic Musicians in 
Uruguay
Alice Elizabeth González1,*, Fernando Tomasina2, Julián Ortiz Umaña1, 
Lady Carolina Ramírez1, Bettina Tellechea2, Myriam Adriana Pisani2

1Department of Environmental Engineering, Faculty of Engineering, Universidad de la República, Uruguay
2Academic Unit of Occupational Health, Faculty of Medicine, Universidad de la República, Uruguay

Keywords: Musicians’ Health; Sound Exposure Effects; Symphonic Musicians; Extra-Auditory Effects of 
Noise; Anamnesis Data

Abstract
Background: While hearing loss is the most emblematic effect of exposure to high sound pressure levels, it is not nei-
ther the first nor the only one. This article explores self-reported effects of exposure to high sound pressure levels among 
a population of 306 academic musicians (singers, choir members and instrumentalists) in Uruguay. Methods:  
A special anamnesis form was prepared for use in interviews of each of the participants. The collected information was 
anonymized and processed. Some interesting results were found, both through direct processing and PCA analysis. 
Results: Most participants reported several non-auditory effects. These were classified by sex, age, and role (singer 
or instrumentalist, voice type, or played instrument). Conclusions: Among the reported effects, the most preva-
lent were muscle contractures, fatigue/tiredness, difficulty sleeping, and noise sensitivity, followed by arthralgia and 
headaches. The most frequent effects in women were muscle contracture (86%), followed by tiredness/fatigue, noise 
susceptibility, and tinnitus. The most frequent effects in men were muscle contracture (68%), followed by tinnitus, 
noise susceptibility, and irritability after musical activity. It was possible to establish some “effects profiles” accord-
ing to instrument and gender. For example, woodwind players experience muscle contracture, tinnitus, post-musical 
activity irritability, noise susceptibility, and decreased performance, while soprano singers have a higher prevalence 
of muscle contracture, tiredness/fatigue, noise sensitivity, difficulty sleeping, arthralgia, digestive disorders, headache, 
tinnitus, and vertigo. They are the second most affected category of musicians, according to their effect profile.

1. Introduction

Noise is a pervasive workplace risk, evident in con-
struction and manufacturing but also in call centers, 
schools, hospitals, and the arts, particularly among 
music professionals [1-3]. As an occupational pollut-
ant, noise threatens health not only through hearing 
loss but also through a wide range of extra-auditory 
effects [2]. This has transformed a workplace issue 

into a public health problem, often referred to as rec-
reational and environmental hearing loss [4].

Research highlights non-auditory impacts, in-
cluding cognitive impairment (especially in chil-
dren), sleep disorders, and cardiovascular conditions 
[5]. Subtle but continuous exposure can lead to dis-
comfort, frustration, and stress-related symptoms, 
which contribute to cardiovascular disease [6]. Ac-
cording to the CCOHS, non-auditory effects include 
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physiological responses (muscle tension, respiratory 
changes, altered heartbeat) and performance-related 
issues [7].

Cognitive performance is also at risk; workers ex-
posed to noise exhibit poorer results on mental tasks 
[8]. While short-term exposure might improve 
simple activities, it hinders complex ones like pro-
fessional music performance. Musical intelligence 
is notably adversely affected [9]. Hypertension can 
appear at levels as low as 75 dBA—well below those 
typically considered safe for hearing [10]. Chronic 
exposure acts as a psychosocial stressor even when it 
doesn’t damage the inner ear [5].

Occupational health services play a strategic role 
in worker protection [11]. Described extra-auditory 
effects include endocrine changes (elevated cortisol/
catecholamine levels), elevated blood pressure, and 
altered heart rate. Impacts also extend to the cen-
tral nervous system (changes in EEG), sleep quality, 
respiratory rate, and visual function. Effects during 
pregnancy include risks of premature birth and fetal 
hearing loss [12-14].

Noise can reduce salivary and gastric secretions, 
slowing digestion and increasing gastric acid [15, 16]. 
Studies show positive correlations with tinnitus, oxi-
dative imbalance affecting the immune system, and 
hippocampal damage, which impacts memory and 
learning [17-19]. Further reported effects include an-
noyance, mental health issues, altered blood clotting, 
increased cholesterol, diabetes, and irritability [20-22]. 
Self-reported symptoms among workers include otal-
gia, insomnia, and the need to raise one’s voice [23]. 
Noise also modifies social behavior, potentially reduc-
ing helping behavior and increasing aggression [24].

This article addresses extra-auditory effects in ac-
ademic musicians in Uruguay. The interdisciplinary 
team “SAVEM” (Auditory, Vocal, and Ergonomic 
Health in Academic Musicians) comprises experts 
from Health, Social, Artistic, and Technical fields 
at the Universidad de la República (UdelaR) [25]. 
Since 2018, SAVEM has worked with the National 
Choir, the Montevideo Symphonic Band, the Na-
tional Symphony Orchestra, and other professional 
groups. The team’s goal is to understand the health 
consequences of occupational conditions (high 
noise, vocal strain, postural problems) and provide 
tools for auditory, vocal, and postural hygiene.

2. Methods

2.1. Study Design and Setting

This research was a cross-sectional study of ac-
ademic musicians in Uruguay, part of SAVEM at 
Universidad de la República since 2018. The team 
used health check-ups, interviews, and environ-
mental measures to identify non-auditory effects of 
noise exposure. Participants attended interviews at 
each stage for health info and personal insights.

2.2. Participants

The study population included professional and 
student musicians from several institutions and en-
sembles [25]: (i) National Choir of Uruguay; (ii) 
Montevideo Symphonic Band; (iii) Lyric Singing 
Department of the Faculty of Arts; (iv) National 
Symphony Orchestra (approx. 95 musicians); (v) 
Montevideo Philharmonic Orchestra (approx. 95 
musicians). Over the course of the project stages, 
three datasets were compiled, comprising 163, 86, 
and 59 individual records, respectively. The partici-
pants included a broad spectrum of musical roles, 
such as singers, string players, woodwind play-
ers, brass players, percussionists, keyboardists, and 
conductors.

2.3. Data Collection Procedures

2.3.1 Individual Interviews and Anamnesis

A structured interview guide, developed by the 
research team, was used. It included variables related 
to occupational health as well as music-specific fac-
tors (such as instrument played, vocal register, fre-
quency of artistic activity, daily practice hours, and 
use of amplification). Individual interviews were 
conducted by an occupational physician and a 
speech therapist. The appointments were made in 
advance.

2.3.2 Clinical and Audiological Examination

Participants were instructed regarding precau-
tions prior to audiometric testing.
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2.3.3 Environmental Measurements

Sound pressure levels (SPL), vibration, carbon 
monoxide concentration, temperature, and humid-
ity recorded during rehearsals. Observation sessions 
were also carried out. Acoustic maps of rehearsal 
rooms were constructed to determine exposure 
profiles (minimum LAF,eq levels of 85 dBA were re-
corded). See Figure 1.

2.4. Ethical Considerations

All participants signed informed consent prior 
to inclusion. Data was anonymized for analysis. 
Each participant received individual feedback on 
results, in accordance with medical confidentiality 
standards.

The protocol was reviewed under the ethical 
framework of Udelar, in line with institutional and 
national occupational health regulations.

2.5. Data Analysis

Quantitative analysis included descriptive sta-
tistics (distribution by sex, age, and musical role), 
prevalence of self-reported extra-auditory effects 
(e.g., tinnitus, irritability, vertigo, musculoskeletal 
complaints, sleep disturbances, cardiovascular and 
cognitive symptoms).

Comparative analyses were conducted to explore 
associations between effects and demographic vari-
ables (gender, age, role). Multivariate analysis was 
performed, including:

	- Principal Component Analysis (PCA) to 
identify effect clusters (e.g., cognitive vs. psy-
chological profiles);

	- Hierarchical cluster analysis to examine as-
sociations between reported symptoms and 
population characteristics.

Results were stratified by dataset and presented in 
figures to illustrate prevalence patterns.

3. Results and Discussion

3.1. Acoustic Maps

First, the acoustic maps generated in the re-
hearsal rooms of the National Choir and the Mon-
tevideo Symphonic Band are shown, providing a 
quantitative starting point for the sound exposure 
of academic musicians in their daily work. As it 
can be seen in Figure 1, the lowest levels recorded 
among the musicians’ groups are LAF,eq = 85 dBA. 
These high sound pressure levels lead to the expec-
tation of both auditory and non-auditory effects on 
musicians.

Figure 1. Maps of Sound Pressure Levels: (a) at the National Choir rehearsal; (b) at the Montevideo 
Symphonic Band rehearsal (redrawn from Tomasina et al. 2025) (26).
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a clear trend in the prevalence of tinnitus: its preva-
lence was lower among those under 35 years of age 
and increased progressively thereafter, reaching val-
ues above 60% in the over-56 age group. In contrast, 
irritability after musical activity was most prevalent 
in the 26-35 age group, decreased among those un-
der 25, and declined with increasing age. Regarding 
vertigo, no clear pattern was identified, and otalgia 
was not present in participants over 56 years of age. 
In men, tinnitus was recorded in all age groups, with 
a prevalence exceeding 50%. Irritability after musi-
cal activity exhibited a similar pattern, remaining 
at levels above 40% in most age groups, except for 
those over 56 years of age, where it decreased con-
siderably. Vertigo was more prevalent in the extreme 
age ranges (under 25 years of age and over 56 years 
of age), while, as in women, ear pain was not present 
in participants in the oldest age group.

3.2.4 Prevalence of Effects by Role

Regarding the effects by role, of the 40 women 
with tinnitus, 24 were singers (60%), 9 string in-
strumentalists (23%), and 6 wind instrumentalists 
(15%). Of the 50 men with tinnitus, 12 were sing-
ers (24%), 12 string instrumentalists (24%), and  
18 wind instrumentalists (36%), of whom 13 (26%) 
were brass instrumentalists. Of the 8 violinists with 
tinnitus, 6 were bilateral and 2 were left-handed. In 
addition, 4 viola players had tinnitus: 3 bilateral and 
1 right-handed.

Regarding those who experienced irritability af-
ter musical activity, of the 33 women, 13 were sing-
ers (39%), 10 string instrumentalists (30%), and  
10 wind instrumentalists (30%). Of the 31 men who 
experienced the effect, 3 were singers (10%), 8 (26%) 
were string musicians (6 of them violinists), and 13 
were wind musicians (42%), of whom 9 (29%) were 
brass musicians.

40 people experienced vertigo, with a higher 
prevalence in women (27 cases, 68%) than in men. 
Among the women who experienced vertigo, 19 
were singers (70%), and of these, 10 were sopranos 
(53%). Among the 13 men who experienced vertigo, 
5 were wind musicians (38%) and 4 of them were 
brass musicians (80%). Ear pain occurred primar-
ily in string and brass musicians (35% in each case). 

It is worth noting that the Montevideo Sym-
phonic Band has incorporated an important pre-
ventive measure: a “street” between the brass and 
woodwind instruments to reduce the latter’s sound 
exposure levels.

3.2. First Data Set Processing: 163 Records

3.2.1 General Information

This data set includes 86 women (53%) and 77 
men (47%). 37% of the sample corresponds to indi-
viduals under 35 years of age, while the remaining 
63% are over 35 years of age. Regarding gender dis-
tribution, the sample is fairly balanced.

Regarding the percentage distribution of the 
participants’ roles, singers are 47% of respondents, 
constituting the largest group, followed by bowed 
string players (22%) and woodwind players (13%). 
Brass players represent 10% of the participants. It is 
worth noting that the roles of keyboard, conductor 
and plucked strings, and cases without data, repre-
sent approximately 5% of the total records.

3.2.2 Reported Effects

This set of data assessed the presence of tinni-
tus, vertigo, ear pain, and other effects such as hy-
pertension. The effects in the surveyed population 
showed tinnitus being the most prevalent effect, 
present in 90 of the respondents (55%), followed by 
post-musical activity irritability with 64 cases (39%). 
Only 28 people (17%) reported not experiencing 
any of the effects assessed. The high prevalence of 
tinnitus found in our data set is much higher than 
the 27% reported for classical musicians by Di Sta-
dio et al. (2018) [27].

Regarding the proportion of people experiencing 
at least one effect, in all roles with 10% or more par-
ticipants, the presence of some effect exceeds 75%, 
with woodwind instrument players showing the 
highest percentage (91%).

3.2.3 Prevalence of Effects by Sex and Age

The prevalence of the reported effects was shown 
by age group and sex. The results for women revealed 
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3.4. Third Data Set Processing: 59 Records

3.4.1 General Information

In this set of data, the sampled population has 
very few participants under 25 years of age. Two 
clearly differentiated groups are identified: on the 
one hand, people over 46 years of age, who represent 
54% of the population, with a majority of men; on 
the other hand, people under 46 years of age, where 
there is a greater presence of women in the 26-35 
age range and men in the 36-45 age range.

Related to the proportion of participants’ roles: 
29% are singers, followed by woodwind instrumen-
talists at 27%, bowed string players at 19%, and 
brass players at 14%. Finally, conductor, percussion, 
keyboards, and plucked strings make up the remain-
ing percentage.

3.4.2 Prevalence of Effects by Sex, Age and role

The most common effect was muscle contrac-
tures, reported by 45 individuals (76%). Of the  
24 women who presented contractures, 11 (46%) 
were singers and 13 (54%) instrumentalists, with 
a similar prevalence across string and wind instru-
ments (46% in each case). Of the 21 men who re-
ported contractures, 20 (95%) were instrumentalists, 
primarily wind instruments (65%) and among them, 
the majority were brass instruments (85%).

Noise susceptibility was the second most reported 
effect (28 cases, 47%). The effect was reported in an 
equal number of men and women, but it appeared 
earlier (in age) in women than in men. Among 
women, 57% (8) were singers, and of these, 87% 
were sopranos. Among instrumentalists (43%), the 
majority (83%) were wind instrumentalists. Among 
men, the vast majority of cases occurred in instru-
mentalists (86%). Among them, 7 (58%) were wind 
instrumentalists, and most of them (71%) played 
brass instruments.

24 people (41%) reported having trouble sleep-
ing, especially falling asleep. 13 of them (54%) were 
women and 11 (46%) were men. The women were 
more or less equally distributed between singers and 
instrumentalists. All the singers were sopranos, and 
the instrumentalists were predominantly woodwind. 

String musicians with ear pain were more men, and 
brass musicians were women.

Only 5.5% of participants had high blood pres-
sure (9 cases). Of these, 8 (89%) were men, primarily 
string and brass musicians (43% each). High blood 
pressure in men was distributed more or less evenly 
across all age groups from 26 years of age.

3.3. Second Data Set Processing: 84 Records

3.3.1 General Information

In this second data set, 43 women and 41 men 
participated (51% and 49% respectively). 50% of 
this population were under 35 years old, while ap-
proximately 11% were over 56. The remainder of the 
sample is made up of participants between 36 and 
55 years old.

49% of respondents were singers, constituting 
the largest group, followed by bowed string (27%), 
brass (9%), and woodwind (6%) instrumentalists. 
As in the first data set, roles such as percussion and 
plucked strings, and records without data, represent 
less than 10% of the total population.

3.3.2 Reported Effects

18 of the participants (21%) reported needing a 
conversation to be repeated; the number of cases 
was equal between men and women. In the case of 
women, this effect was reported more frequently 
among singers, while in men it was reported 
equally among singers and instrumentalists. In 
both sexes, 4 of the 9 cases (44%) occurred before 
the age of 35.

On the other hand, 13 of the participants 
(15%) reported having hearing problems. The ef-
fect was more common in younger women and 
older men. Most cases occurred among singers 
(69%), and of these, the majority (56%) were so-
pranos. Furthermore, 12 of the participants (14%) 
reported having to turn up the television volume. 
The effect was more evident in men (58%) than in 
women (42%) and more in singers (75%) than in  
instrumentalists (25%).

In contrast, 71% of respondents reported no 
effect.

PREVIE
W



González et al6

those over 56 years of age. Effects such as difficulty 
sleeping, noise sensitivity, and headaches tend to de-
crease with age, while arthralgia, decreased perfor-
mance, and digestive disorders tend to increase (see 
Figure 2).

3.5. Effect Profiles by Role and Gender

Given that in some roles the number of record-
ings was considerable, it was possible to determine 
profiles of the effects prevalent in these roles. In 
these profiles, the effects with a prevalence of 40% 
of more are mentioned in next paragraphs and syn-
thetized in Figure 3.

Cases (a) and (b) show the effect profiles of fe-
male and male woodwind instrumentalists. As it can 
be seen, they are not the same. In the case of fe-
male, 89% reported irritability after noise exposure, 
86% reported muscle contracture, 71% reported 
tiredness/fatigue and the same percentage reported 
noise susceptibility, difficulty sleeping; 56% reported 
tinnitus, 43% reported headaches, difficulty concen-
trating, arthralgia and performance decrease. In the 
case of male, 78% reported muscle contracture, 67% 
reported tinnitus, 50% irritability after noise expo-
sure, 44% reported noise susceptibility and the same 
percentage reported performance decrease.

Case (c) presents the profile of extra-auditory 
effects in sopranos. Approximately 78% of them 
reported contractures and the same percentage re-
ported fatigue/tiredness. 56% was the prevalence of 
noise sensitivity difficulty sleeping, arthralgia and 
digestive disorders. and. Subsequently, 44% reported 
headache, 40% reported tinnitus and the same per-
centage reported vertigo.

Case (d) shows the profile of extra-auditory ef-
fects in male brass musicians. Approximately 71% 
reported tinnitus, 67% of them reported contracture 
and 50% irritability after noise exposure and 44% 
reported difficulty sleeping.

Cases (e) and (f ) show the effect profiles of bowed 
strings instrumentalists of both genders. As it can 
be seen, they are not the same. In the case of female, 
100% reported muscle contracture and headache, 
60% reported irritability after noise exposure, 50% 
reported difficulty concentration and 47% reported 
tinnitus. In the case of male, 100% reported muscle 

The majority of the men were instrumentalists 
(91%), and among them, half were brass players.

Arthralgia was reported by 23 people (39%). The 
13 women with arthralgia (56%) were equally dis-
tributed between singers and instrumentalists. All 
men (44%) were instrumentalists, and 50% of them 
played string instruments.

19 people (32%) reported tiredness or fatigue. 
Most of the cases (74%) were women. Of these, 
8 (57%) were singers, 7 of whom were sopranos 
(87%). Among instrumentalists (43%), the majority 
(83%) were wind musicians. The effect was present 
in all age groups. In men (26% of the total cases), no 
singer reported the effect. 60% of cases occurred in 
wind instrumentalists, primarily brass instruments.

Headaches occurred in 17 cases (29%), primarily 
in women (76%). Among them, the majority (69%) 
were instrumentalists and 31% were singers (sopra-
nos). In men, the effect occurred in instrumentalists, 
but not in singers.

15 cases reported a decline in performance (25%). 
Among men (53%), the effect was more common in 
instrumentalists, and 88% among them were brass 
musicians. Among women, the effect occurred in 
singers (43%) and instrumentalists (57%); among 
this second group, most of them also played wind 
instruments (75%).

In 13 cases (22%), digestive disorders, including 
heartburn and reflux, occurred. Most cases were men 
(54%), with majority (71%) of wind instrumental-
ists; among them, 60% played brass instruments. As 
in women, most cases occurred after the age of 45. 
In the case of women (46%), the effect was only re-
ported in singers, with 67% sopranos.

The same number of cases (13, or 22%) reported 
difficulty concentrating. Most of the cases were 
women (62%), and a greater number of them were 
instrumentalists (75%), equally distributed between 
string and wind instruments. Among men, the ma-
jority (60%) were brass instrumentalists.

A slightly lower number of cases (12, or 20%) re-
ported memory impairment. In this case, there were 
more men (58%) than women (42%). Most of the 
men were instrumentalists (86%), but most of the 
women (60%) were singers.

The results show that contractures reach values 
close to 80% in most groups, with the exception of 
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Figure 2. Prevalence of effects by age ranges (third data set).

contracture, 80% reported arthralgia, 60% reported 
sleeping difficulty, 55% reported tinnitus, 40% re-
ported irritability after noise exposure and the same 
percentage reported noise susceptibility.

Case (f ) refers to violinists of both genders. 100% 
reported muscle contracture, 50% reported arthral-
gia and the same percentage reported headache, 
40% reported tinnitus and the same percentage re-
ported irritability after noise exposure and difficulty 
concentration.

3.6. Multivariate Analysis

The objective of this analysis is to identify associ-
ations between the extra-auditory effects and some 
population characteristics, such as gender, age, and 
role. To this end, it was decided to omit certain ef-
fects with a low prevalence in the established age 
ranges, as well as those with a high prevalence in 
most age ranges, as they do not provide differentiat-
ing information. Consequently, the following effects 
were selected: vertigo, noise susceptibility, irritabil-
ity after noise exposure (post-musical irritability), 

difficulty sleeping, difficulty concentrating, de-
creased performance, and memory impairment.

The first step in the analysis was to perform a prin-
cipal components analysis (PCA). This method gener-
ates new variables, called principal components, which 
are linear combinations of the original variables. From 
PCA, several components were obtained. The top five 
of them were selected for use in further analyses, as 
they explain most of the variability in the data set.

Figure 4 shows the first two principal components 
along with the contributions of the selected varia-
bles. It can be seen that the variables “difficulty con-
centrating”, “decreased performance”, and “memory 
disturbance” are oriented toward the lower part of 
the graph, forming a kind of intellectual or cogni-
tive profile. On the other hand, the variables “diffi-
culty sleeping,” “post-musical irritability,” and “noise 
susceptibility” are oriented toward the positive part 
of the first principal component (PC1), forming a 
psychological profile associated with noise burden. 
In this case, gender also plays a significant role. Age 
and role appear to have little influence on the dif-
ferentiation of the reported effects.
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Figure 3. Effect profiles of different instrumentalists, by gender: (a) female woodwind instrumentalists; (b) male woodwind 
instrumentalists; (c) soprano singers; (d) brass male instrumentalists; (e) female bowed strings instrumentalists; (f ) male 
bowed strings instrumentalists; (g) violinists (both genders).
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Figure 4. Biplot PCA (first two components).

Figure 5. Hierarchical dendrogram (cluster analysis).

To further explore the relationships between the 
effects and the demographic characteristics of the 
population, a hierarchical dendrogram was con-
structed (see Figure 5). The dendrogram shows that 
certain effects are clearly associated with each other; 
for example, “memory impairment” and “noise sus-
ceptibility” are related to roles (i.e., the instrument 
played). Similarly, a relationship is identified be-
tween age and decreased performance. On the other 
hand, some variables, such as difficulty concentrating 

or post-musical activity irritability, appear further 
separated in the dendrogram, indicating that they 
are less correlated with the other variables analyzed, 
as if they were independent of gender, age, or the 
instrument played.

4. Conclusions

Three data sets about extra-auditory effects of 
high sound pressure levels exposure of musicians 
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and noise sensitivity, while woman presented 
headache and difficulty concentration.

	- Violinists, regardless of gender, have a high 
prevalence of muscle contracture, arthralgia, 
headache, tinnitus, post-musical activity irri-
tability and difficulty concentration.
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