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Abstract

Objectives To estimate the prevalence of tinnitus and hyperacusis in children aged 9—12 years in Flanders, as well as to
explore the associations with hearing abilities and listening behaviours.

Design A cross-sectional survey was undertaken in four different Flemish schools. The questionnaire was distributed among
415 children, with a response rate of 97.3%.

Results The prevalence of permanent tinnitus was 10.5% and of hyperacusis was 3.3%. The hyperacusis prevalence was
higher in girls (p <.05). Some children reported effects of tinnitus in terms of anxiety (20.1%), sleep (36.5%), and concentra-
tion (24.8%). When listening to personal listening devices, 33.5% of the children reported to listen for at least 1 h at 60% or
higher of the volume range. Moreover, 54.9% of children stated to never wear hearing protection.

Conclusions Tinnitus and hyperacusis are prevalent in children aged 9-12 years. Some of these children might be overlooked
and, as such, not receiving the required follow-up or counselling. Development of guidelines for the assessment of these
auditory symptoms in children would help to determine the prevalence numbers with greater accuracy. Sensibility campaigns

for safe listening are warranted, as more than half of the children never use hearing protection.
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Introduction

Tinnitus, also referred to as phantom sound, can be
described as ringing, hissing, or polyphonic sounds that are
perceived in one ear, both ears, or central in the head [3,
15]. These noises occur without the presence of an external
acoustic source [7]. Tinnitus is often a symptom of one or
multiple underlying pathologies [12]. Otological disorders
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are the most common cause. Tinnitus can have a consider-
able impact on one’s quality of life, as it may alter the sleep
pattern and concentration span for example. Moreover, it
is highly comorbid with psychological symptoms, such as
anxiety disorders and depression, and hyperacusis [11, 13,
16, 22, 24]. This latter symptom is defined as reduced tol-
erance to sound(s) perceived as normal to the majority of
the population or perceived as normal to the person before
the onset of hyperacusis [1]. Most studies show a similar
prevalence for tinnitus and hyperacusis of approximately
15% in adults [4, 5, 26]. Similarly to tinnitus, hyperacusis
is often related to hearing damage [2], but also associations
with poor neonatal health have been reported [10]. Neonatal
illnesses can have a harmful effect on the auditory neurode-
velopment and/or cognitive development and predispose the
child to behavioural or emotional complications [25].
Prevalence studies on tinnitus and/or hyperacusis are
important to substantiate the impact on the population,
as well as to support decisions on resource allocation of
potential treatments. However, standard diagnostic criteria to
determine these prevalence numbers are missing. Hence, the
prevalence numbers are quite diverse due to this complexity
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and inadequacy of terminology and definitions, especially
with regards to the prevalence numbers in children [19, 21].
Although, a significant number of children seem to suf-
fer from tinnitus. The prevalence of childhood tinnitus is
reported to be between 5 and 46% [23]. A study by Gilles
and colleagues reported a prevalence of permanent tinnitus
of 18% in high school students in Flanders [9], which is in
agreement with a more recent study by Nemholt and col-
leagues. They found a prevalence of clinically significant
tinnitus of 16% in Denmark [20]. A similar study in Sweden
found a lower prevalence of 9% [29]. This discrepancy can
be partially explained by a different measure [i.e., yes—no
question vs. numeric rating scale (NRS)], but also country-
dependent differences have to be considered [5]. Hence,
these prevalence rates seem to be population, context, and
question dependent [23]. The prevalence of hyperacusis in
children is also difficult to obtain and data are even sparser
compared to prevalence studies of childhood tinnitus. A
systematic review by Rosing and colleagues found that the
prevalence of hyperacusis lies between 3 and 17% in chil-
dren and adolescents [23]. Children seem to report tinnitus
or hyperacusis rarely spontaneously, but they might admit
to it when questioned about it. A study by Knobel and col-
leagues found that only half of the parents know about their
child having tinnitus [17]. However, there might be an over-
reporting as children seek to please the questioner [27].

To address these research gaps, the current study aimed
to obtain epidemiological data in children. More specifi-
cally, the prevalence numbers of tinnitus and hyperacusis
in 9—12-year-old children were estimated. A secondary aim
was to explore associations with hearing abilities and listen-
ing behaviours.

Materials and methods
Study population

A cross-sectional survey in Dutch was undertaken in four
different Flemish primary schools. In April 2021, the ques-
tionnaire was distributed on paper among the four principals
of these schools. A total of 415 pupils from 9 to 12 years
of age were asked to fill out the questionnaire during class.
Their questionnaires were collected at the schools.

Questionnaire structure

The questionnaire was designed by the authors and adapted
after feedback from four children, who completed the ques-
tionnaire as a test panel, and two teachers. The adaptions
were mostly in terms of readability, comprehensibility, and
visualisations. The self-administered questionnaire, consist-
ing of 21 questions, assessed the following items: perception
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of temporary and permanent tinnitus and its characteristics,
experience of hyperacusis and emotions in relation to tinni-
tus and hyperacusis (if relevant), hearing abilities, and listen-
ing behaviour. In addition, the age and sex of the pupils were
collected (see Supplementary Appendix 1). The questions
were asked as simple as possible with illustrations where
needed.

Tinnitus prevalence and its characteristics (7 questions)

First, the prevalence of a tinnitus experience was assessed
by a yes/no question (i.e., do you hear a sound in your ears
or head that others do not hear?). If yes, six more questions
were asked concerning its characteristics: the type of sound,
the loudness of this sound, the frequency of this perception,
the related emotions and effects on daily life, the difficulty of
concentrating in class due to these sounds and the frequency
of ear-covering behaviour when exposed to sounds.

Hyperacusis prevalence (4 questions)

The prevalence of hyperacusis was first assessed by a yes/
no question (i.e., are normal sounds sometimes too loud for
you or do they cause pain sometimes, while other kids do
not seem to bother?). If yes, three more questions evaluated
the following: the frequency of this experience, coping with
daily sounds and the frequency of avoidance behaviour at
the playground.

Hearing problems (3 questions)

To assess the hearing ability and/or otological problems of
the children, the following items were evaluated: ability to
understand speech in class when only the teacher speaks,
ability to understand speech in class when the teacher
speaks, but classmates are talking loudly and the frequency
of ear infections.

Listening behaviour (7 questions)

The first question of this section asked the way the child
most often listened to music (headphones and/or earphones
and/or loudspeakers). In case they did not listen to music,
they could skip the next three questions concerning listen-
ing to music: frequency of listening to music in a week,
duration of listening through headphones or earphones in a
day, and the used volume. In addition, they were asked how
often their parents tell them that they put the volume of the
TV too loud. Finally, they were asked how often they go to
places with loud noises (e.g., party, sports match) and if they
protect their ears when they do so.
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Statistical analysis

Data were analysed using SPSS statistical software version
28 (SPSS Inc., Chicago, IL, USA). We performed the Chi-
square-tests and two-sided independent ¢ tests to compare
groups of pupils (e.g., tinnitus or not, hyperacusis or not,
age groups, boys vs. girls), depending on the type of the
variable. A p value less than 0.05 was considered as statisti-
cally significant.

Ethics committee approval

The Committee for Medical Ethics of the Antwerp Univer-
sity Hospital approved this study (B300201630084). The
principals of several primary schools were contacted to ask
for participation in this study. After a positive agreement,
the teachers and parents of the pupils were contacted and
informed about the study and the voluntary participation.
Pupils were not obliged to fill out the questionnaire. The
completion of the questionnaire was considered as a silent
approval for participation.

Results
Patient characteristics

The questionnaire was distributed among 415 pupils from
9 to 12 years of age. Eleven children did not fill out the
questionnaire correctly and were considered as dropouts.
Hence, the response rate was 97.3% (i.e., dropout rate of
2.7%). The study population was evenly distributed in terms
of sex (i.e., 202 boys and 202 girls). The mean age was 10.53
(£0.95 SD) years. More specifically, the sample consisted
of 59 9-years-old, 140 10-years-old, 136 11-years-old, and
69 12-years-old.
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Listening behaviour

A total of 91.5% of the children listens to music. Head-
phones are used by 53.2%, loudspeakers by 49%, and ear-
phones by 40.5%, and thus, half of the children often use
multiple sound sources. Moreover, 43.4% listens to music
every day and 38.3% around three times per week. Hence,
81.6% listens regularly to music.

When they listen to music, it is for more than 1 h for 86%
of the children. To investigate the potential risk for hear-
ing damage, the children were asked at which volume they
played their music (Fig. 1). Volume settings starting from
60% are potentially harmful and 41% of the children exceeds
this limit. Taken the loudness and duration of listening to
music together, 33.5% of the children listens for at least 1 h
at 60% or higher of the volume range. A total of 55% of the
children reports that their parents tell them that they set the
volume too high.

With regards to going to loud places such as parties or
sports matches, 33.1% answered that they go at least once
per month to these places, and when they do, 54.9% of chil-
dren states to never wear earplugs.

Hearing problems

A total of 4.5% sometimes does not understand the teacher
and 3.2% never understands the teacher when classmates
are talking (Fig. 2). Moreover, 88% of the children reports
to have often an ear infection.

Tinnitus prevalence and its characteristics

A total of 61.8% of the children state that they have per-
ceived a sound in their ears or head that other children did
not seem to hear. When they did, 66.1% experienced it as
a pure tone and more than half of the children rated the
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loudness of that sound from 10 to 30% (Fig. 3). Neverthe-
less, 22.8% of the children rated that sound at 60% or louder.
The tinnitus was permanent in 10.5% of the children.

A total of 49% of the children state in the survey that,
when they experience tinnitus, it does not have to affect their
behaviour or feelings. However, some children mention that
tinnitus makes them feel afraid (20.1%), that it influences
their sleep (36.5%), or that it makes it more difficult to con-
centrate during class (24.8%).

Hyperacusis prevalence

A total of 37.3% of the children answered ‘yes’ to the ques-
tion if they perceive normal sounds sometimes as too loud
or painful, while other kids do not seem to bother. More
specifically, 3.3% state to experience this permanently. Fig-
ure 4 shows the rating of their tolerance of daily sounds. In
12.9% of the children, the reflex to cover their ears when

Fig.3 Histogram representing
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tus experienced by the children
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there is a sound is present and 9.6% often wants to avoid the
playground to avoid this loud environment.

Sex-related discrepancies

The comparison of the responses between boys and girls
revealed that boys played their music slightly louder (x
poys = 9-03 Xging=4.9; p<0.001), and that they put the TV
more often too loud—as noticed by the parents—(p < 0.05).
Nevertheless, this did not result in a higher tinnitus preva-
lence in boys (p > 0.05). On the other hand, the hyperacusis
prevalence was higher in girls (p <0.05).

Age-related discrepancies
There are no significant differences between the age groups

in the current study and their sound exposure, prevalence of
tinnitus, and prevalence of hyperacusis.

100

Tinnits loudness (%)
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Discussion

The main objective of the current study was to determine
the prevalence of tinnitus and hyperacusis in children of
9-12 years old in Flanders (Belgium). The effects of these
auditory symptoms were questioned, as well as the listening
behaviours and hearing abilities in general. Hence, another
objective of this study was to investigate if these children
were possibly at risk of noise-induced hearing damage.

The survey showed that 10.5% of the children experi-
enced permanent tinnitus. This number is rather low com-
pared to the earlier reported general prevalence of childhood
tinnitus (i.e., 5-46%) [23], which could be partly explained
by the younger age range in this study. An earlier study in
Flanders reported a prevalence of permanent tinnitus of 18%
in high school students [9] and it would not be surprising
that these adolescents are more often exposed to loud noises
and therefore have a higher prevalence of tinnitus.

The prevalence of hyperacusis in this sample was 3.3%.
Also, this number is rather low compared to the prevalence
found in the systematic review by Rosing and colleagues
(i.e., 3-17% in children and adolescents) [23]. The age of
our sample might also explain this result, but also the posed
question is probably crucial, as 37.3% of the children per-
ceived to be sensitive to sounds sometimes. In addition,
12.9% of the children reported to have the reflex to cover
their ears when a sound is present and 9.6% often wanted to
avoid the playground to avoid this loud environment. Hence,
it seems a good practice to not just ask one question to deter-
mine if a participant experiences hyperacusis, but to ask
multiple questions to investigate if it is in agreement with
the definition.

At the moment of the study, no validated questionnaire
to assess tinnitus or hyperacusis complaints in children was

available in Dutch. A validation of the survey, in which con-
sistency of the answers over time is tested, could contrib-
ute to the quality and reliability of the data. As such, it is
important to determine how to define when a child has tin-
nitus and/or hyperacusis. While a distinction between tem-
porary and permanent tinnitus was made, a question that
could be included in future studies is the duration of the
tinnitus perception to eliminate cases with a short duration
of tinnitus (i.e., shorter than 5 min). Future studies might
consider providing an introductory movie to introduce some
difficult terms (e.g., tinnitus, hyperacusis, hearing protec-
tion, and speech understanding) and provide information on
how to fill out the survey. Moreover, efforts should be made
to minimize the recall bias (e.g., asking questions about the
last days), as younger is correlated with less recall accuracy
[18, 30].

The study sample of the current study experienced a con-
siderable exposure to noise, as one-third went out to loud
places and more than half of the children never used hearing
protection. Moreover, one-third exposed themselves poten-
tially to too loud noises for too long periods of time. It might
be that there is a lack of knowledge with regards to hearing
protection and safe listening in this population (and their
parents) or that hearing protection is not easily available for
them in those situations [6]. Noise-induced hearing loss is
a potential risk factor for the development of tinnitus and/or
hyperacusis, as well as ear infections. Most children in the
current study reported to have had multiple ear infections a
year. However, causal relationships between these risk fac-
tors and tinnitus could not be proven with the current study.

Besides the influence of otological problems, some gen-
der differences were apparent. First, boys used their music
devices at higher signal intensity relative to girls. This find-
ing is in agreement with a study by Warner-Czyz and Cain
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[28], who explored the role of gender on acoustic risk-tak-
ing behaviours. Second, more girls reported to experience
hyperacusis than boys. This corresponds with the previous
literature in children and adults [14, 23].

It is important to mention that this study was conducted
during the COVID-19 pandemic, and the corresponding
social restrictions might have influenced the data. For exam-
ple, it might be that the percentage of children that go to loud
environments is underestimated or that there were higher
levels of stress. The latter is a known to be associated with
tinnitus (please see [8] for a recent scoping review), and as
such can influence the found prevalence numbers. While
the closing of schools made it difficult to get in contact with
principals, the response rate in the four participating primary
schools was high (i.e., 97.3%). The participating schools pro-
vided regular education in two different regions in Flanders.
Future studies should aim to include more schools from dif-
ferent regions to ensure a representative sample.

To conclude, this study indicates that tinnitus and hypera-
cusis are prevalent among children of 9-12 years old. Some
children reported that tinnitus makes them feel afraid, that
it influences their sleep, or that it makes it more difficult
to concentrate during class. As children are not likely to
report this themselves, they might be overlooked and, as
such, not receiving the needed follow-up or counselling.
Teachers could play an important role to detect red flags,
such as listening difficulties and sound avoidance behaviour
[20]. Development of validated instruments for the assess-
ment of these auditory symptoms in children would help to
determine the prevalence more accurately and reveal under-
lying aetiologies. As the current study indicates that one-
third of the children are exposed to high sound intensities
for long durations, sensibility campaigns for safe listening
are warranted.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00405-023-07995-x.
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