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Abstract

Introduction: The aim was to investigate sound tolerance in schoolchildren aged 9-14 years, examine differences across age groups, and identify
possible associated factors.

Material and methods: This was a cross-sectional exploratory study. An internet-based survey was conducted with children aged 9 to 14 years
and their parents/guardians, recruited via social media. Parents/guardians and children completed separate questionnaires; the one developed
for children has not been formally validated although it has been applied in prior pediatric studies. Hyperacusis was classified as present when
both parent and child report were positive. Associated factors were analyzed using Fisher’s exact test to compare individuals with auditory
hypersensitivity in terms of whether they were also sensitive to lights, odors, or motion sickness. Inter-rater agreement between parents and
children was evaluated with the kappa coefficient (k).

Results: From the 75 parents recruited, there were just 60 questionnaires that had been completed by their children (age range 9-14 years;
mean 12 years; 61.7% male). Listening difficulties were more frequently reported in children aged 9-10 years (p = 0.010), while earphone use
was significantly higher among adolescents aged 13-14 years (p =0.010). Motion sickness was more prevalent in children aged 11-12 years
(p=0.033). Tinnitus was reported by 20% of children, and hyperacusis by 10.3%, with no significant differences across age groups. Sensitivity
to light and odors was significantly associated with hyperacusis according to parents’ reports (p =0.007) and to children’s reports (p = 0.020).
No association was observed between motion sickness and hyperacusis.

Conclusions: Although the prevalence of hyperacusis among schoolchildren was relatively low, the occurrence of sound-related discomfort
was notable. Sound tolerance should be considered in clinical evaluations. The findings should be interpreted with caution due to the small

sample size and the use of non-validated questionnaires.
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NADWRAZLIWOSC SLUCHOWA I CZYNNIKI Z NIA ZWIAZANE U DZIECI
W WIEKU SZKOLNYM: INTERNETOWE BADANIE ANKIETOWE OPARTE
NA ODPOWIEDZIACH RODZICOW I DZIECI

Streszczenie

Wprowadzenie: Celem badania byla analiza dotyczaca tolerancji na dzwigki u dzieci w wieku szkolnym 9-14 lat, przeanalizowanie réznic
miedzy grupami wiekowymi i zidentyfikowanie potencjalnych zaleznosci.

Material i metody: Przeprowadzono badanie eksploracyjne o charakterze przekrojowym. Zastosowano metode ankiety internetowej z udziatem
dzieci w wieku od 9 do 14 lat oraz ich rodzicéw/opiekundw, zrekrutowanych za posrednictwem mediéw spotecznosciowych. Rodzice/opiekunowie
i dzieci wypelnili oddzielne kwestionariusze; kwestionariusz opracowany dla dzieci nie zostal formalnie walidowany, ale stosowano go we
wezesniejszych badaniach pediatrycznych. Nadwrazliwos¢ stuchowa kwalifikowano jako wystepujaca, gdy zaréwno rodzic, jak i dziecko
zglosili jej obecnos¢. Korelacje przeanalizowano za pomocy testu Fishera, poréwnujac osoby z nadwrazliwoécig stuchowa pod katem tego,
czy byly one rowniez wrazliwe na $wiatto, zapachy lub chorobe lokomocyjng. Zgodno$¢ pomigdzy ocenami rodzicoéw i dzieci zweryfikowano
z wykorzystaniem wspotczynnika kappa (i).

Wyniki: Zrekrutowano 75 rodzicéw, jednak ostatecznie 60 dzieci wypelnito kwestionariusz (przedzial wiekowy 9-14 lat; $rednia 12 lat;
61,7% chlopcow). Trudnosci ze stuchem byly czesciej zgtaszane u dzieci w wieku 9-10 lat (p =0,010), podczas gdy dzieci w wieku 13-14 lat
(p=0,010) istotnie czgéciej korzystaly ze stuchawek. Choroba lokomocyjna wystepowala czesciej u dzieci w wieku 11-12 lat (p = 0,033). Szumy
uszne zglosito 20% dzieci, a nadwrazliwo$¢ stuchowa - 10,3%, przy czym nie wystapily istotne réznice miedzy grupami wiekowymi. Wrazliwo$¢
na $wiatlo i zapachy byla istotnie powigzana z nadwrazliwoscia stuchowa wedlug relacji rodzicéw (p =0,007) i relacji dzieci (p = 0,020). Nie
zaobserwowano zwiazku miedzy choroba lokomocyjng a nadwrazliwoscig stuchowa.

Whioski: Czestos¢ wystepowania nadwrazliwosci stuchowej wsrod dzieci w wieku szkolnym byla stosunkowo niska, jednak wystepowanie
dyskomfortu zwigzanego nadwrazliwoécia stuchowa bylo znaczace. W ocenie klinicznej pacjenta nalezy uwzgledni¢ jego tolerancje¢ na
dzwiek. Wyniki niniejszego badania nalezy interpretowa¢ ostroznie ze wzgledu na malg liczebnos¢ préby i wykorzystanie niewalidowanych

kwestionariuszy.

Stowa kluczowe: dzieci o stuch « nadwrazliwo$¢ stuchowa

Introduction

Auditory hypersensitivity can be understood as an ab-
normal perception of sound that negatively impacts dai-
ly life, including social and leisure activities [1]. Also re-
ferred to as sound intolerance or reduced sound tolerance,
it describes discomfort when exposed to everyday sounds
that are usually tolerable for most people. Three subtypes
are described in the literature: hyperacusis, defined as in-
creased sensitivity to environmental and everyday sounds
[2,3]; misophonia, a negative reaction to specific patterned
sounds such as chewing or tapping [4]; and phonophobia,
a persistent fear of particular sounds [5].

The pathophysiology of hyperacusis remains under de-
bate. Proposed mechanisms include altered amplification
in cochlear outer hair cells [3] and dysfunction in the me-
dial olivocochlear efferent system, leading to abnormal
auditory gain and exaggerated behavioral responses to
sound [7]. Hyperacusis often co-occurs with other con-
ditions such as Williams syndrome and autism spectrum
disorder [2], and it shows strong associations with tinnitus
[8-11], suggesting shared neurophysiological mechanisms
and broader sensory vulnerabilities [12-14].

Although more frequently described in adults, hyperacusis
also occurs in children and can be distressing, with reac-
tions ranging from mild avoidance to extreme behavioral
or physiological responses [15,16]. Prevalence estimates in
pediatric populations range from 3.2% to 17.1% [15], but
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results remain inconsistent due to heterogeneous defini-
tions, study designs, and the absence of validated child-
specific assessment tools [2]. This contrasts with tinnitus,
for which more prevalence studies exist, though estimates
are variable (7.5-60%) [16].

The lack of standardized pediatric protocols makes diag-
nosing hyperacusis particularly challenging, as it is in-
herently subjective and younger children may have diffi-
culty articulating their experiences [15]. Hyperacusis in
children remains underexplored, and most available pro-
tocols are adapted from adult populations, limiting their
applicability. Currently, there is no validated tool for as-
sessing hyperacusis in children, since most questionnaires
are designed for adults. Although audiological measures
such as loudness discomfort levels are used in adults,
no standardized pediatric protocol currently exists.

Moreover, hyperacusis is inherently subjective, only un-
derstood through the individual’s own perception of eve-
ryday sounds. For this reason, self-report is considered
the most valid method for capturing sound intolerance
in children. Because children may under- or overreport
their difficulties, and parents may misinterpret or over-
look symptoms, a dual-report strategy allows for a more
comprehensive assessment. Furthermore, previous stud-
ies have primarily examined clinical populations; little is
known about sound tolerance in community-based sam-
ples. The internet-based survey design used here ena-
bles the recruitment of a broader sample of school-aged

43




Original article ¢ 42-53

subjects and provides valuable epidemiological data to
help fill the existing knowledge gap.

Given the multiple challenges, self-report remains the best
method for assessing hyperacusis. Nevertheless, children’s
accounts may differ from perceptions of their parents,
with potential under- or overestimation by either party.
Combining both perspectives provides a more compre-
hensive understanding of sound intolerance in children.
Moreover, most existing research has focused on clini-
cal populations, whereas little is known about hyperacu-
sis and associated factors in community-based samples.

This study aims to investigate sound tolerance in school-
children aged 9-14 years, examine differences across age
groups, and identify possible associated factors. By using
an internet-based dual-report approach, this study seeks
to address the current lack of population-based data on
pediatric hyperacusis and provide evidence to support
early identification strategies. Given the lack of validated
pediatric instruments for hyperacusis, this study was an ex-
ploratory investigation to try to characterize sound intoler-
ance using reports from both caregivers and their children.

Material and methods

This cross-sectional study followed the STROBE state-
ment for observational studies [17]. The study was ap-
proved by the local ethics committee of our university
department (protocol no. 5.037.928) and conducted in ac-
cordance with the Declaration of Helsinki and its amend-
ments. Informed consent was obtained from both children
and their parents. Data collection occurred during the
COVID-19 pandemic, and all recruitment and assessments
were conducted online.

Participants

Children aged 9-14 years, regardless of gender, were el-
igible if they had functional auditory, visual, and cogni-
tive capacities, access to the internet via mobile network or
wi-fi, had an electronic device (notebook or smartphone),
and provided informed assent. Participants were recruited
through invitations distributed on social media platforms
(Instagram and Facebook) addressed to parents. Children
were then recruited by their parents. Questionaires which
indicated that the child had auditory hypersensitivity but
where the child did not complete the specific question
about triggering sounds were excluded.

Measurement tools

The two questionnaires developed by Coelho (2007) [18]
- a demographic questionnaire and a two-part question-
naire used by two other studies [19,20] — were adopted.
It is one of the few instruments designed to explore hy-
peracusis in children, although it has not been formal-
ly validated. This choice was motivated by the absence of
validated pediatric measures and the need for a develop-
mentally appropriate approach.

Parents first completed the demographic questionnaire,
which included questions about sensitivity to light, odors,
and motion, as well as a modified two-part questionnaire.
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Table 1. Sociodemographics of the study sample (n = 60) by gen-
der and education level

n %
Gender Female 23 38
Male 37 62
Education Level Elementary School | 17 28
Middle School 43 72
Age group [years] ~ 9to 10 14 23
11to 12 18 30
13 to 14 28 47
Study sample n 60
Mean 12.0
Median 12.0
Minimum 9.0
Maximum 14.0
Standard deviation 1.5

Part one of the latter assessed hypersensitivity to everyday
sounds using four multiple-choice questions (yes = 4, don’t
know =2, no=0). A child scoring > 8 points was classi-
fied as hypersensitive. Part two included 6 questions as-
sessing common behavioral reactions to sounds. See the
Supplementary questionnaire.

In turn, children completed three main questions investi-
gating hearing loss, the presence of tinnitus, and subjec-
tive hypersensitivity to sounds. Children also had to indi-
cate which sounds annoyed them, chosen from a list of 20
sounds. If positive answers were given to the question “Are
you bothered by any kind of sound or noise?” and the child
indicated 5 or more from the list of 20 annoying sounds,
the child was classified as “hypersensitive to sound” [19].
All surveys were administered via Google Forms, with
participants accessing them through an electronic link.

Data analysis

Statistical analyses were performed using SPSS Statistics
version 28.0 (IBM Corp., Armonk, NY, USA), with a sig-
nificance level of 5% (p < 0.05). Associations between cate-
gorical variables were analyzed using a Pearson’s chi-square
test or Fisher’s exact test (including the Fisher-Freeman-
Halton extension for tables larger than 2x2, when appro-
priate). Inter-rater agreement between parent and child
reports was assessed using the kappa coeflicient (k) [20],
with interpretation based on McHugh (2012) [21]. The an-
alytical framework followed Field (2017) [22]. Given the
exploratory nature of this study, multiple statistical tests
were performed without correction for multiple compar-
isons (it is therefore acknowledged that the overall Type I
error rate could exceed the nominal 5% significance lev-
el for individual tests, so some results with p <0.05 may
have occurred by chance). Nevertheless, only a few findings
reached statistical significance. Thus, the results should
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Table 2. Health of the study sample (general and auditory) based on the report of parent or guardian and stratified by age of child (9-10,

11-12, and 13-14 years)

Does your child have any health problem?

No 12 8 15 83 21 75 48 80

0.767°

Yes 2 14 3 17 7 25 12 20

Do you think your child has listening difficulties? No 10 71 18 100 27 96 55 92
0.010°

Yes 4 29 - = 1 4 5 8

Has your child already had audiometry? No 6 43 6 33 13 46 25 42
0.676°

Yes 8 57 12 67 15 54 35 58

If he/she did, was the result normal? No 1 12 - - - - 1 3
0.222°

Yes 7 8 12 100 16 100 35 97

Has your child ever had an ear infection? No 5 35 12 67 12 43 29 48
0.116°

Yes 9 64 6 33 16 57 31 52

Does your child use headphones a lot? No 8 57 8 44 4 14 20 33
0.010°

Yes 6 43 10 56 24 86 40 67

Does your child have difficulties understanding conversations No 9 64 14 78 20 71 43 72
in a noisy environment? 0.702°

Yes 5 36 4 22 8 29 17 28

Does your child consume a lot of sugar? No 9 64 10 56 11 39 30 50
0.266°

Yes 5 36 8 44 17 61 30 50

Does your child do physical exercise? No 5 36 8 44 8 29 21 35
0.544°

Yes 9 64 10 56 20 71 39 65

Does your child sleep well? No 1 7 1 6 5 18 7 12
0.512°

Yes 13 93 17 94 23 82 53 88

Does your child have learning difficulties at school? No 13 93 15 83 23 82 51 &5
0.727°

Yes 1 7 3 17 5 18 9 15

Is your child bothered by smells and/or lights? No 12 8 14 78 20 71 46 77
0.628°

Yes 2 14 4 22 8 29 14 23

Does your child feel sick in the car, on the bus, or on the No 11 79 10 56 25 89 46 77
subway? 0.0332

Yes 3 21 8 44 3 11 14 23

Note: Extended Fisher’s exact test,  Pearson’s chi-square test
be interpreted with caution and considered exploratory,
providing a basis for future confirmatory analyses using

appropriate corrections.

Results

A total of 75 parents were recruited for the study. However,
15 were excluded because their children did not meet the
eligibility criteria, resulting in a final sample of 60 school-
children aged 9 to 14 years (mean age 12.0 years). Of these,
37 (62%) were male and 23 (38%) were female. Regarding
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educational level, 28% were in elementary school and 72%
in middle school (Table 1).

Most parents reported no health problems in their children
(80%). Similarly, the majority reported no listening difficulties
(92%), no difficulty understanding conversations in noisy en-
vironments (72%), no sleep problems (88%), no learning diffi-
culties (85%), no sensitivity to smells and/or lights (77%), and
no motion sickness (77%), independent of age. Overall, two-
thirds of the children (67%) used headphones, particularly
adolescents aged 13-14 years (p =0.010) (Table 2).
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Table 3. Hyperacusis in the study sample, based on the reports of parents or guardians and stratified by age group (9-10, 11-12, and

13-14 years)

Do you think your son or daughter is very sensitive No

to everyday sounds?

Yes 1 7 4 22 8 29 13 22 0.235%
I don’t know 1 7 - - - - 1 2

I:s there a sound that your son or daughter doesn’t No 7 50 12 67 16 57 35 58

fke? Yes 4 29 4 22 11 39 19 32 0.342?
| don’t know 3 21 2 11 1 4 6 10

Is there a sound that your son or daughter finds No 13 93 16 89 21 75 50 83

painful?
Yes 1 7 2 11 3 11 6 10 0.413°
I don’t know 0 0 0 0 4 14 4 7

Is there a sound that scares your child? No 12 8 15 83 21 75 48 80
Yes 2 14 3 17 7 25 12 20 0.767?
| don’t know 0 0 0 0 0 0 0 0

Note: @ Extended Fisher’s exact test

Table 4. Auditory health and hyperacusis in the study sample, based on children’s reports, stratified by age group (9-10, 11-12, and

13-14 years)

Do you hear well? No - - - - - - - -
Yes 14 100 18 100 25 89 57 95 0.315°%
I don’t know - - - - 3 11 3 5

Do you hear a noise in your ears or head? No 9 64 14 78 23 82 46 77
Yes 5 36 3 17 4 14 12 20 0.490°
| don’t know = = 1 6 1 4 2 3

Are you bothered by any kind of sound? No 8 57 8 44 15 54 31 52
Yes 6 43 10 56 11 39 27 45 0.718*
I don’t know - - - - 2 7 2 3

Note: * Extended Fisher’s exact test

Listening difficulties were reported significantly more of-
ten by parents of children aged 9-10 years compared with
older children (p =0.010). Motion sickness was more prev-
alent among children aged 11-12 years (p =0.033).

No significant differences were observed among age groups
regarding parents’ perception of their children’s sensi-
tivity to everyday sounds (p =0.235), dislike of specific
sounds (p =0.342), sounds perceived as painful (p = 0.413),
or frightening sounds (p =0.767) (Table 3).
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Tinnitus was reported by 20% of children, although no sig-
nificant differences were observed among age groups in re-
lation to hearing (p = 0.315), tinnitus (p = 0.490), or being
bothered by sound (p =0.718) (Table 4).

Hyperacusis was reported by both parents and children
in 10.3% of participants. No significant differences were
found among age groups, either based on parents’ per-
ception (p =0.851) or children’s self-report (p =0.267)
(Table 5).
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Table 5. Hyperacusis in the study sample, based on parents/guardians and children’s reports, stratified by age group (9-10, 11-12, and

13-14 years)

Hyperacusis (parents/guardians’ report) No 12 8 14 78 21 75 47 78
0.851¢

Yes 2 14 4 22 7 25 13 22

Hyperacusis (children’s report) No 13 93 13 72 23 88 49 84
0.2672

Yes 1 7 5 28 3 11 9 15

Hyperacusis No 14 100 15 83 23 88 52 90
0.351¢

Yes - - 3 17 3 11 6 10

Note: * Extended Fisher’s exact test

Table 6. Comparison of sensitivity to lights and odors and hyperacusis occurrences in the study sample, stratified by age group (9-10,

11-12, and 13-14 years)

9 to 10 years Hyperacusis (parents/guardians’ No 11 92% 1 50% 12 86%
report) 0.275°
Yes 1 8% 1 50% 2 14%
Hyperacusis (children’s report) No 11 92% 2 100% 13 93%
>0.999°
Yes 1 8% - - 1 7%
11 to 12 years Hyperacusis (parents/guardians’ No 11 79% 3 75% 14 78%
report) >0.9992
Yes 3 21% 1 25% 4 22%
Hyperacusis (children’s report) No 12 86% 1 25% 13 72%
0.0442
Yes 2 14% 3 75% 5 28%
13 to 14 years Hyperacusis (parents/guardians’ No 18 90% 3 38% 21 75%
report) 0.009v
Yes 2 10% 5 62% 7 25%
Hyperacusis (children’s report) No 18 95% 5 71% 23 88%
0.167°
Yes 1 5% 2 29% 3 12%
Total Hyperacusis (parents/guardians’ No 40 87% 7 50% 47 78%
report) 0.0072
Yes 6 13% 7 50% 13 22%
Hyperacusis (children’s report) No 41 91% 8 62% 49 85%
0.020°
Yes 4 9% 5 38% 9 15%

Note: @ Extended Fisher’s exact test

To further illustrate the comparison between par-
ent- and child-reported hypersensitivity, we provide a
Supplementary table 1 that presents individual-level data.
Each participant is represented by a unique identifier, with
corresponding information on parental and child reports
of hypersensitivity, agreement status, specific sounds iden-
tified as bothersome, and the child’s behavioral reactions
to these sounds (e.g., covering ears, recoiling, or fleeing).
This table one to see the discrepancies and concordances
between informants, as well as the variety of sound trig-
gers and coping responses reported by children.

An association was observed between sensitivity to light
and odors and the presence of hyperacusis, based on both
parents’ reports (p =0.007) and children’s self-perception
(p=0.020). This association was particularly evident
among adolescents aged 13-14 years (p = 0.009) (Table 6).
No significant association was found between motion sick-
ness and hyperacusis, either according to parents’ percep-
tion (p =0.478) or children’s reports (p >0.999) (Table 7).
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Table 7. Comparison of motion sickness and hyperacusis occurrences in the study sample, stratified by age group (9-10, 11-12,

and 13-14 years)

Motion sickness

Total p-value
No Yes

9 to 10 years Hyperacusis (parents/guardians’ No 9 82% 3 100% 12 86%
report) >0.999°

Yes 2 18% - - 2 14%

Hyperacusis (children’s report) No 10 91% 3 100% 13 93%
>0.999°

Yes 1 9% - - 1 7%

11 to 12 years Hyperacusis (parents/guardians’ No 8 80% 6 75% 14 78%
report) >0.9992

Yes 2 20% 2 25% 4 22%

Hyperacusis (children’s report) No 6 60% 7 88% 13 72%
0.3142

Yes 4 40% 1 12% 5 28%

13 to 14 years Hyperacusis (parents/guardians’ No 20 80% 1 33% 21 75%
report) 0.1452

Yes 5 20% 2 67% 7 25%

Hyperacusis (children’s report) No 21 91% 2 67% 23 89%
0.319°

Yes 2 9% 1 33% 3 11%

Total Hyperacusis (parents/guardians’ No 37 80% 10 71% 47 78%
report) 0.4782

Yes 9 20% 4 29% 13 22%

Hyperacusis (children’s report) No 37 84% 12 86% 49 85%
>0.999°

Yes 7 16% 2 14% 9 15%

Note: * Extended Fisher’s exact test

Discussion

This study aimed to investigate hyperacusis in school-aged
children (9-14 years) using both parental perception and
children’s self-assessment, and to examine whether audito-
ry health-related factors, such as motion sickness or tinni-
tus, as well as hypersensitivity to light and odors, were as-
sociated with hyperacusis. Importantly, we stratified results
by age, as suggested during peer review, which allowed
more precise detection of age-specific patterns and elimi-
nated previous borderline statistical associations.

At present, there is no universally accepted gold stand-
ard for the diagnosis of hyperacusis in children. Most
validated questionnaires, such as Khalfa’s Hyperacusis
Questionnaire, were developed for adults and may not
be developmentally appropriate for children. The instru-
ment we used in this study [18] has not undergone formal
psychometric validation; however, it was selected because
it is one of the few tools specifically designed to explore
sound intolerance in children and has been applied in
previous research. Objective measures such as Loudness
Discomfort Levels (LDL/ULL) are often recommended
in combination with questionnaires in adults to provide
supportive information, but they are difficult to adminis-
ter reliably in children and are not validated as diagnostic
tools for this age group. Consistent with current recom-
mendations, we prioritized caregiver and child self-report
to capture the subjective nature of hyperacusis, while ac-
knowledging that future studies should aim to combine
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structured questionnaires with behavioral or psychoacous-
tic measures, and to further validate instruments for use in
pediatric populations.

Considering the parental questionnaire, most children
were reported to be in good health (Table 2), with 80%
having no health problems, 65% engaging in regular phys-
ical activity, and 88% reporting adequate sleep. The high
prevalence of physical activity is notable, as habits formed
in this period often persist into adulthood and may reduce
long-term health risks.

Regarding auditory health, 92% of parents reported that
their children heard well; however, 67% of children fre-
quently used headphones, particularly in the 13-14-year-
old group (p =0.010). While headphone use is increasing-
ly common, prolonged or high-volume exposure can pose
auditory health risks.

Previous studies have reported an association between tin-
nitus in children and a history of motion sickness, sug-
gesting a possible overlap between vestibular and audi-
tory pathways. For instance, Coelho et al. (2007) [18]
identified motion sickness as one of the significant risk
factors for tinnitus in school-aged children, alongside
noise exposure and hyperacusis. In our study, however,
we did not find a significant association between audito-
ry hypersensitivity and motion sickness. Instead, we ob-
served that hypersensitivity to light and odors was more
strongly related to sound intolerance, which may point
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toward a broader multisensory processing vulnerability
rather than a vestibular-specific contribution.

Our findings of an association between sound intolerance
and sensitivity to light and odors are in line with previous
studies in adults reporting co-occurrence of multisensory
hypersensitivity. For instance, Nordin et al. (2013) [24] ob-
served that individuals with noise sensitivity also showed
increased odor sensitivity, and that stress played a medi-
ating role in this relationship. This suggests that a com-
mon vulnerability across sensory systems may underlie
decreased tolerance to everyday stimuli. Extending these
findings to a pediatric population, our results indicate that
auditory hypersensitivity in children may also be embed-
ded in a broader sensory profile, potentially influenced by
stress-related mechanisms.

Hyperacusis prevalence was 17% according to parental
perception and 15% by children’s self-report. Combining
both criteria, 5 children were classified as hyperacusis-
positive, consistent with prior pediatric prevalence stud-
ies (3-17%) [15]. Notably, 20% of children reported tin-
nitus, and hyperacusis and tinnitus appeared to co-occur,
supporting findings in both pediatric and adult popula-
tions [8,18,20]. Age-stratified analysis revealed that young-
er children (9-10 years) more frequently exhibited listen-
ing difficulties, while older children (13-14 years) reported
higher headphone usage. No significant differences were
found between age groups regarding parents’ perception of
sensitivity to everyday sounds, highlighting that hyperacu-
sis may manifest independently of age within this range.

Our results complement clinical data from Rosing et al.
(2016) [25], who described referral patterns and inter-
ventions for Danish children with tinnitus and hyperacu-
sis. While their study reflects children already referred to
specialized services, our community-based findings indi-
cate that hypersensitivity to everyday sounds and tinnitus
are also reported by school-aged children outside clinical
contexts. Taken together, these studies highlight two crit-
ical issues: first, parental perception plays a major role in
whether children access care; second, the absence of vali-
dated pediatric assessment tools contributes to variability
in both referral and management. This convergence under-
scores the need for standardized screening approaches that
can be applied both in clinical and community settings.

Some discrepancies between parent and child reports
were observed, reflecting the complexity of assessing
sound sensitivity in children. Parents may interpret their
child’s reactions through their own expectations, where-
as children may have difficulty articulating discomfort,
potentially leading to underreporting. Social desirability
bias may further reduce self-reported prevalence. These
findings underscore the need for dual-report approach-
es, as parental perception alone may overestimate or un-
derestimate actual hypersensitivity, and highlight the
challenges of defining clear cutoff criteria for hyperacusis
in pediatric populations.

Our findings are also in line with those of Coelho et al.

(2007) [18], who investigated tinnitus in children and as-
sociated risk factors. Similar to their results, we observed
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that tinnitus and sound sensitivity are present in school-
aged children, highlighting the importance of consider-
ing these symptoms beyond clinical populations. Whereas
their study identified potential audiological and environ-
mental risk factors, our contribution emphasizes the val-
ue of integrating child self-reports and parental perspec-
tives in early recognition. Together, these results suggest
that systematic inquiry into tinnitus and sound hyper-
sensitivity may facilitate timely detection and prevention
strategies in pediatric populations.

The absence of misophonia or phonophobia assessment is
a limitation, since these subtypes of auditory hypersensi-
tivity were not evaluated.

Methodological considerations include reliance on self-re-
port questionnaires without audiological confirmation and
use of adapted tools that are not validated for children. The
small, convenience-based, online sample limits generaliz-
ability and may introduce selection bias, though it allowed
safe data collection during the COVID-19 pandemic. Also,
as this study was exploratory and multiple statistical tests
were conducted without correction for multiple compari-
sons, some statistically significant findings may have aris-
en by chance. These results should therefore be interpret-
ed with caution and considered preliminary, highlighting
the need for future studies with confirmatory analyses and
appropriate adjustments for multiple testing.

Future research should incorporate objective auditory eval-
uation, including determination of uncomfortable loud-
ness levels, and aim to develop validated pediatric hy-
peracusis questionnaires. Further studies should explore
discrepancies between parent and child reports, the in-
fluence of social desirability, and the broader sensory
environment, which may inform targeted interventions
and clinical assessment strategies.

Conclusions

This study indicates that sound tolerance problems, includ-
ing hyperacusis and tinnitus, occur in school-aged chil-
dren, with prevalence rates of approximately 10% and 20%,
respectively. No age-related differences were observed, al-
though listening difficulties were more common in young-
er children and headphone use more common in ado-
lescents. Importantly, sensitivity to light and odors was
associated with hyperacusis, suggesting that auditory
hypersensitivity may be part of a broader sensory vulnera-
bility rather than an isolated phenomenon.

Although these findings provide new insights, they should
be interpreted cautiously, since this is an exploratory study
using a non-validated questionnaire. Future research
should aim to validate pediatric-specific assessment tools
and incorporate objective measures.
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Sociodemographic Questionnaire for Parents

1. Gender
a. Male
b. Female

2. Age

3. Does your child have any health problems?
a. Yes
b. No

If yes, which of the following?
a. Diabetes
b. High blood pressure
c. Asthma
d. Migraine
e. Attention deficit
f. Epilepsy
g. Auditory processing disorder
h. Autism
i. Other (please specify):

4. Do you believe your child has difficulty hearing?
a. Yes
b. No

Has your child ever undergone an audiometry test?
a. Yes
b. No

If yes, were the results normal?
a. Yes
b. No

6. Has your child ever had an ear infection?
a. Yes

b. No

If yes, how many times?

7.

Does your child frequently use headphones?
a. Yes
b. No

If yes, for how many hours per day?

8.

10

11.

12.

13.

14.

Does your child have difficulty understanding speech
in noisy environments?

a. Yes

b. No

Does your child consume a lot of sugar?
a. Yes
b. No

. Does your child engage in physical exercise?

a. Yes
b. No

Does your child sleep well?
a. Yes
b. No

Does your child have learning difficulties at school?
a. Yes
b. No

Is your child sensitive to smells and/or lights?
a. Yes
b. No

Does your child experience motion sickness in cars,
buses, or subways?

a. Yes

b. No

Questionnaire for Parents

1. Do you think your child is very sensitive to every-

day sounds?

a. Yes

b. No

c. I don’'t know

2. Is there any sound your child dislikes?
a. Yes
b. No
c. I don’t know

3. Is there any sound your child finds painful?
a. Yes
b. No
c. I don’t know

4.

Is there any sound that scares your child?
a. Yes

b. No

c. I don’t know

Indicate your child’s most frequent reaction to
sounds:

a. Covers their ears

b. Cries

c. Runs away from the sound

d. Pulls back to avoid the sound

e. Says “I don't like this sound” or “This sound hurts”
f. Other (please specify):
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Children’s Questionnaire

1. Do you hear well? 4. Do any of these sounds bother you?
a. Yes
b. No a. Recess k. Truck
c. I don’t know b. Classroom noise 1. Ambulance
c. Screaming m. Toy
2. Do you hear a noise in your ears or in your head? d. School bell n. Balloon
a. Yes e. TV o. Whistling
b. No f. Radio p- Musical instruments
c. I don’t know g. Blender q. Fireworks
h. Telephone r. Firecrackers
3. Does any kind of sound bother you? i. Car s. Thunder
a. Yes j. Motorcycle t. Dog barking
b. No

c. I don’'t know

Supplementary table 1. Individual-level data on hypersensitivity: parental and child reports, agreement status, bothersome sounds,
and children’s behavioral reactions

ChidiD  Age Ty hypersensitty.  ABeement AT e sounds
1 13-14 No Yes No FL 01
2 11-12 No Yes No C None
3 11-12 No Yes No GG )L 02
4 9-10 No Yes No None 05
5 13-14 No Yes No N 02
6 11-12 No Yes No C None
7 13-14 No No No C None
8 11-12 No Yes No C None
9 13-14 No No No None 02
10 11-12 Yes Yes Yes B,GDGJNQRS 02
11 9-10 Yes Yes Yes J, K 02
12 9-10 No No No None None
13 11-12 Yes Yes Yes C,DF 02
14 13-14 Yes No No None 02
15 9-10 No No No None 01
16 9-10 No No No None 05
17 13-14 No Yes No None 03
18 13-14 No Yes No GHIJT 01
19 9-10 No Yes No G ) 05
20 13-14 No No No S None
21 9-10 No Yes No B,CG,D,ELKLQT, None
22 13-14 No No No H, S 05
23 9-10 No No No F 02
24 9-10 No Yes No None 05
25 13-14 Yes Yes Yes B,C,FEJOR 01
26 13-14 No No No None None
27 13-14 Yes No No None 02
28 11-12 No No No G 05
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Supplementary table 1 continued. Individual-level data on hypersensitivity: parental and child reports, agreement status, bothersome

sounds, and children’s behavioral reactions

i age  preriipeled Cdsliepoted pgemen Amongands fexcion
29 11-12 No Yes No None 05
30 13-14 No No No CT 03
31 13-14 No No No None None
32 11-12 No No No None None
33 13-14 No No No G, ER None
34 13-14 Yes No No None 04
35 11-12 Yes Yes Yes GJLLNRS 05
36 11-12 No Yes No GHILJLK, LM 02
37 11-12 No No No None None
38 13-14 No Yes No None 05
39 13-14 No No No None None
40 13-14 No Yes No G None
41 9-10 No No No GLS 01
42 13-14 Yes Yes Yes J, K, N 02
43 13-14 No No No None 04
44 13-14 No No No R 02
45 9-10 No No No None None
46 13-14 No No No None None
47 13-14 Yes Yes Yes None 02
48 11-12 Yes Yes Yes GELMS T 02
49 11-12 No No No None 01
50 9-10 No Yes No S None
51 11-12 No No No None 05
52 9-10 No No No CGEKT 02
53 13-14 No No No G 05
54 11-12 No No No K LR S None
55 9-10 No No No N 02
56 13-14 Yes Yes Yes B,C,D,GJKS 02
57 13-14 No No No None 02
58 11-12 No No No None 05
59 11-12 No No No B, K 01
60 13-14 Yes Yes Yes B,GJLT 02

Note: Numbers 1 to 60 indicate ID of child. Types of annoying sounds: A — Recess; B — Classroom noise; C — Screaming; D — School bell;
E - TV; F — Radio; G — Blender; H — Telephone; | — Car; J — Motorcycle; K — Truck; L — Ambulance; M — Toy; N — Balloon; O — Whistling;
P — Musical instruments; Q — Fireworks; R — Firecrackers; S — Thunder; T — Dog barking. Reactions to sound: 01 — Move away to avoid

the sound; 02 — Covers the ears; 03 — Says “l don’t like that sound”; 04 — Runs away from the sound; 05 — Others
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