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Abstract: Exposure to loud music—due to widespread personal music players (PMPs) and noisy
leisure activities—are major risk factors for noise induced hearing loss (NIHL) in adolescents.
However, there is little evidence of the impact of noise on the hearing of younger children. This study
aimed to explore an association between PMP use and hearing, and to identify other sources of
noise among children. The study sample consisted of 1032 children aged 11-12 years old. Hearing
thresholds were determined from 0.5 to 8 kHz. PMP use and other noise exposures were evaluated
using a survey. We found that 82% of the children had a PMP, and 78% were exposed to noise
when playing computer games. An audiometric notch was documented in 1.3% of the children.
Only 11.5% of the children ever used hearing protection while engaged in noisy activities. We found
no convincing evidence of an association between PMP use and hearing thresholds, although our
results suggest that tinnitus may be an early sign of NIHL in young children. The study shows a
need to provide children, their parents, and educators with knowledge of how to take care of hearing,
including how to avoid and minimize noise exposure.
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1. Introduction

Noise exposure is a common component of life which negatively affects human health. There are
many studies that have described the effects of environmental noise and its association with health
problems such as annoyance [1,2], sleep disturbance [3], hypertension and ischemic heart disease [4,5],
and learning impairment in children [6,7]. Some people are exposed to constant but lower noise,
not high enough to have a direct effect, but inducing various health problems [8,9].

Noise exposure is particularly detrimental to hearing. Noise-induced hearing loss (NIHL) can
result from both a single sudden noise (acoustic trauma) or from long-term steady noise [10]. It can
injure the eardrum or middle-ear ossicles, damage hair cells in the cochlea [11-13], and affect the
auditory nerve and its myelin sheath [14]. NIHL is typically revealed by a notch in the audiogram at
4 kHz [15], which can spread to nearby frequencies at 3 and 6 kHz but with some hearing recovery at
8 kHz [16,17]. A genetic susceptibility to NIHL is being investigated [13,18], but most researchers focus
their attention on environmental factors. For adults, occupational noise is the main consideration [19],
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but for children the impact of noisy leisure activities and use of personal music players (PMPs) is the
primary aspect [20].

Many studies have shown that the prevalence of NIHL is considerable among young people. Data
from a large-scale American study (1988-1994) indicated that 15.9% of children aged 12 to 19 years
had hearing deficits attributable to noise exposure [21]. More recent data (2005-2006) from young
Americans were quite similar, the rate being 16.8% [22]. In the Netherlands it has been found that
14.2% of a large cohort showed that children aged 9 to 11 years had hearing impairment possibly
correlated with NIHL [23]. In Poland, 11.5% of 643 youths aged 13 to 18 years showed a notched
hearing loss at 4 or 6 kHz, and it was significantly higher in those with heavy exposure to loud music
(16.3%) compared to those with mild exposure (10.7%) [24].

Many children, adolescents, and young adults engage in noisy recreational activities (e.g., attending
concerts, matches, discos, playing with noisy toys, and listening to loud music). As documented by
Henderson et al. [22], exposure to loud noise or listening to music over headphones is an upward
trend among young people—which is not surprising, given the widespread use of PMPs, such as MP3
players, iPods, and mobile phones. In 2016, le Clercq et al. [20] undertook a systematic review and
meta-analysis of music-induced hearing loss and its symptoms in young people, although most of the
33 articles concerned adolescents and young adults. It was concluded that most studies reported no
significant association between exposure to loud music and pure-tone air thresholds, although some
studies showed a higher prevalence of tinnitus and decreased otoacoustic emissions in participants
more exposed to music. Significantly poorer hearing thresholds were documented for PMP users than
for non-users, and le Clercq et al. [20] finally conclude that the accumulated data suggest an association
between music exposure and hearing loss in children.

Generally, there are few studies related to NIHL in younger children, and their conclusions are not
strong [23,25,26]. There is no clear-cut evidence for association between recreational noise exposure
and hearing loss in younger children. The aim of this study was to explore an association between
personal music player use and hearing, and to identify other sources of noise among children.

2. Materials and Methods

2.1. Study Design

Since November 2007, the Institute of Physiology and Pathology of Hearing, commissioned
by Warsaw City Hall, has conducted hearing screening in primary schools in Warsaw. The goal
of the program is to increase the detection of hearing disorders, improve early diagnosis, and give
equal opportunities to children by reducing or eliminating the adverse consequences of hearing
impairment [27,28]. The main objective of the hearing screening program is to assess the hearing of the
studied population. For the purposes of the present article we retrospectively analyzed a portion of
the data obtained in one year of the program to assess the noise hazard among sixth-grade children
who were due to complete their primary education.

Prior to testing, the children’s parents were informed of the testing procedure and were asked
to give written consent for their children to participate in the hearing examinations. The study was
conducted following the Declaration of Helsinki and was approved by the Research Ethics Committee
(KB.IFPS:28/4/2018).

2.2. Audiometric Testing

Screening pure tone audiometry was conducted in a quiet room allocated by the school headmaster.
The examination was performed on the Platform for Sensory Organs Examination [27,29,30] connected
to the “SZOK”® central database [31]. The system is based on a powerful central computer with
multiple portable computers communicating with it via the Internet. Each portable device is equipped
with software that allows it to perform pure-tone audiometry. The platform includes a response button
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and is set up with Sennheiser HDA300 audiometric headphones which provide effective acoustic
isolation from background noise. The platform is shown in Figure 1.

Figure 1. Platform for Sensory Organs Examination.

For each ear separately, air conduction thresholds at conventional octave frequencies from 0.5
to 8 kHz were determined with the same paradigms as in a previous study [27,29,32] as well as at
half-octave frequencies of 3 and 6 kHz. Measurements at 125 and 250 Hz were omitted as being less
useful and vulnerable to noise disturbance [33].

Presence of a Notched Audiogram

Children were studied for the presence of a high-frequency notch. According to Niskar et al. [21],
a notch was considered to be present when three conditions were met: (i) thresholds at 0.5 and 1 kHz
were lower (better) than 15 dB; (ii) thresholds at 3, 4, or 6 kHz were 15 dB or higher (poorer) than the
poorest threshold at 0.5 or 1 kHz; and (iii) the threshold at 8 kHz was at least 10 dB lower (better) than
the poorest threshold at 3, 4, or 6 kHz.

2.3. Survey

A brief survey used was developed by an ENT specialist and audiologists working in Institute
of Physiology and Pathology of Hearing in Poland. Developing it we based on our experience
on screening examination among school children which we have been conducted for many years.
The survey contained 8 questions (6 closed-ended and 2 open-ended questions) concerned PMP use,
exposure to other sources of noise, tinnitus experience, and use of hearing protection.

The survey was completed by the children before audiometric testing. PMP use was assessed
on the basis of 6 items reported by the participants: 1. Do you use PMP? (yes, no). 2. Which kind
of headphones do you use the most frequently? (headphones, earphones). 3. Mark on the line the
volume level you normally set on your PMP (the mark was then converted into percent). 4. How often
do you listen to music through PMP on a specified level? (every day, 4-6 times a week, 2-3 times a
week, once a week, less than once a week, I do not to listen music). 5. How many hours a day do you
listen to music through the PMP? (above 6 h, 5-6 h, 3-4 h, 1-2 h, less than 1 h). 6. What are your
activities when you use your PMP?
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Exposure to other sources of noise was evaluated by questioning how often the children participated
in various noisy activities (listed in Table 1). A question about tinnitus was: Do you hear tinnitus,
whistles, squeaks or other sounds when in quiet? (never, rarely, sometimes, often, always). The last
question concerned use of hearing protection in noisy environments, e.g., concerts, matches, disco,
shooting range (never, rarely, sometimes, often, always, not applicable).

Table 1. Frequency of noisy leisure activities.

Activity Every Day 4-5Times 2-3 Times Once a Once a Several Times No; Not
a Week a Week Week Month a Year Applicable

Practising musical instruments 10 (1.0) 3(0.3) 10 (1.0) 20 (1.9) 6 (0.6) 21 (2.0) 962 (93.2)
Hunting, shooting - - 3(0.3) 5(0.5) 8(0.8) 30 (2.9) 986 (95.5)

Noisy power tools
(e, chain saw, electric drill) 1(0.1) 1(0.1) 2(0.2) 9(0.9) 10 (1.0) 49 (4.7) 960 (93.0)
Concerts, music events - - 1(0.1) 2(0.2) 24 (2.3) 258 (25.0) 747 (72.4)
Computer games (Playstation, X-Box, Nintendo) 116 (11.2) 114 (11.0) 246 (23.8) 156 (15.1) 101 (9.2) 74 (7.2) 225 (21.8)
Using caps, fireworks, firecrackers - - 4(0.4) 1(0.1) 8(0.8) 262 (25.4) 757 (73.4)
Grass-cutting with lawnmower - - - 14 (1.4) 53 (5.1) 132 (12.8) 833 (80.7)
Playing slot machines - - 2(0.2) 2(0.2) 12 (1.2) 55 (5.3) 961 (93.1)
Matches, sporting events 4(0.4) 3(0.3) 22 (2.1) 52 (5.0) 96 (9.3) 237 (23.0) 618 (59.9)
Disco - - - 5(0.5) 41 (4.0) 554 (53.7) 432 (41.9)

Children playing computer games were divided into two groups: Those who played 2-3 times a week or more
often (1 = 476), and those who played at most once a week or not at all (1 = 556). Their hearing thresholds did not
differ significantly.

2.4. Participants

There were 1032 children (546 girls and 486 boys), made up of 265 children (26%) aged 11 years
and 767 (74%) aged 12 years.

2.5. Statistical Analysis

Hearing thresholds between PMP users and non-users were compared using a t-test for
independent samples. A chi-square test for independence was made to determine if there was
a significant association between tinnitus and PMP use. Statistical significance was set at a p-value of
0.05. Analysis was conducted using IBM SPSS Statistics v. 24 (IBM Corp., Armonk, NY, USA).

3. Results

3.1. Personal Music Player Use

Of 1032 participants, 82% (n = 849) had a PMP, while 183 children (18%) did not. Of children
having a PMP, 48% (n = 411) said they used headphones, while 52% (n = 438) used earphones.

The participants estimated the volume level normally set by them on their PMP as 50.8% on
average (SD = 21.2, median 45.3%). The frequency of PMP use was as follows: 86 children (10.1%)
reported they listened to music every day; 58 (6.8%) 4-6 times a week; 187 (22%) 2-3 times a week;
119 (14%) once a week; 126 (14.8%) less than once a week; and 273 (32.2%) reported they did not listen
to music. The PMP listening time was: 3 children (0.3%) reported they listened to music 5 or more
hours a day; 23 (2.7%) 3—4 h a day, 101 (11.9%) 1-2 h a day; and 449 (52.9%) less than 1 h a day.

The most common situations when using a PMP were: Traveling by car (31.6%, n = 268) or public
transport (29.3%, n = 249); playing computer games (27.1%, n = 230); playing on a phone (19.7%, n = 167);
walking (19.1%, n = 162); doing homework (13%, n = 110); playing sport (11.5%, n = 98); sleeping
(9.7%, n = 82); and reading (3.9%, n = 33).

Comparisons of hearing thresholds across all tested frequencies for PMP users and non-users are
shown in Table 2.

Hearing thresholds in the PMP users and non-users were generally similar, except at 3 kHz in
the left ear and 4 and 6 kHz in the right ear. Poorer average hearing thresholds at above mentioned
frequencies were observed in the non-user group, however the differences were less than 2 dB.
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Table 2. Hearing thresholds (dB HL) in personal music player (PMP) users and non-users.

PMP Users (n = 849) PMP Non-Users (n = 183)

t p
kHz M SD M SD

0.5 11.18 5.55 11.72 6.01 1.17 0.242

1 8.43 5.75 9.07 6.46 1.33 0.184

2 7.39 6.62 7.68 6.87 0.53 0.598

LE 3 7.72 7.16 9.04 8.24 2.21 0.028
4 6.02 6.88 7.16 8.09 1.96 0.051

6 7.70 7.16 8.61 8.08 1.52 0.128

8 9.13 8.27 9.81 8.95 0.99 0.320

0.5 11.31 5.08 11.17 543 0.33 0.741

1 9.09 5.39 9.26 5.71 0.39 0.693

2 7.20 5.99 7.73 5.95 1.10 0.272

RE 3 6.90 6.27 7.57 5.79 1.33 0.183
4 523 6.36 6.39 7.82 2.15 0.032

6 7.00 6.32 8.61 9.02 2.87 0.004

8 8.23 791 8.69 9.07 0.69 0.492

LE, left ear; RE, right ear; M, mean; and SD, standard deviation.

3.2. Tinnitus

There was a significant difference between the PMP users and non-users in terms of experiencing
tinnitus: x*(4) = 16.87; p = 0.002. Some 76% of PMP non-users never experienced tinnitus, but among the
PMP users the rate was lower (61.6%). At the same time, the rate of experiencing tinnitus often or always
was higher in PMP users (3.2%) in comparison to PMP non-users (1%). The data are shown in Table 3.

Table 3. Prevalence of tinnitus in PMP users and non-users.

Never Rarely Sometimes Often Always
PMP users (n = 849) 523 (61.6) 168 (19.8) 131 (15.4) 20 (2.4) 7(0.8)
PMP non-users (n = 189) 139 (76.0) 30 (16.4) 12 (6.6) 1(0.5) 1(0.5)

3.3. Other Sources of Leisure Noise

Table 1 shows how often the children undertook or participated in various noisy leisure activities.
As can be seen, the most common source of leisure noise, other than PMP use, was playing computer
games. Attending musical and sporting events was much rarer, and other activities were very rare.

3.4. Hearing Protection Use

Of 1032 participants, 701 (67.9%) reported they never used hearing protection in noisy environments
(e.g., concerts, matches, disco, and shooting range); 59 (5.7%) used them rarely; 45 (4.4%) sometimes;
9 (0.9%) often; 6 (0.6%) always; and 212 (20.5%) not applicable. That means that only 119 of the
1032 children (11.5%) ever used any hearing protection.

3.5. Audiometric Notches

Audiometric notches were observed in 13 (1.3%) of the children (7 in the left ear, 2 in the right ear,
and 4 bilaterally). Notched audiograms were found in 6 girls and 7 boys. Of the 13, 8 used a PMP and
5 did not; 4 wore headphones and 4 wore earphones. Generally, we did not observe any specific noisy
leisure time activity among the 13 children with audiometric notches. As in the whole study group,
the most common noisy activity was playing computer games. The 13 children with audiometric
notches did not stand out from the other children.



Int. |. Environ. Res. Public Health 2020, 17, 6934 6 of 10

4. Discussion

The aim of the present study was to determine the impact of PMP use on children’s hearing and
to identify other problematic sources of noise. We used data collected during hearing screening of
children aged 11-12 years old who were completing the last grade of primary school in Warsaw. We
found that 82% of the children had a PMP, and 78% of the children were exposed to noise when playing
computer games. We therefore assume that exposure to noise is a common problem among children.

In 2016 le Clercq et al. [20] undertook a systematic review and meta-analysis of music-induced
hearing loss and its symptoms in children, adolescents, and young adults. The authors examined
33 articles which met strict inclusion criteria and had sufficient methodological quality. They reported
a prevalence of music-induced hearing loss of 0% to 12.6% (when evaluating average thresholds) and
14.2% to 34.9% when considering an increase in threshold at one frequency or more. The weighted
average of the prevalence of music-induced hearing loss was 9.6% and for high frequency hearing loss
9.3%. The authors concluded that on the one hand, most studies reported no significant association
between exposure to loud music and pure-tone air thresholds, but on the other hand they showed in
the meta-analysis that PMP users had significantly poorer hearing thresholds than non-users at high
frequencies (4, 6, 8, 10, 12.5, and 16 kHz).

Our findings do not confirm the harmful effect of PMP use on hearing. Pure tone hearing
thresholds were not significantly elevated in PMP users in comparison to PMP non-users. In both
groups hearing thresholds were generally similar, however slightly poorer hearing (about 2 dB) at
three frequencies was observed in children who did not use a PMP. We must admit we did not expect
such a result, even though no consensus exists regarding the risk associated with personal listening
devices in causing NIHL. Mostafapour et al. [34] state that the majority of young PMP users are at
low risk of NIHL, but point out that NIHL is an additive process and even slight effects of continued
exposure to noise may accumulate over many years. Le Clercq et al. [23] also showed no association
between PMP use and notched audiograms in a large cohort of children aged 9-11 years, but they did
find an association between PMP use and high-frequency hearing loss (average threshold at 3, 4, 6,
and 8 kHz). Similarly inconclusive are the results of a study conducted by Basjo et al. [25] concerning
listening habits in 415 nine-year-old children. The study showed that hearing thresholds for children
who often listen to music with headphones were significantly poorer in comparison with children who
did not listen with headphones, but only in the right ear.

Cone et al.’s study [26] which examined 6581 children aged 7-11 years showed that exposure to
recreational noise (e.g., noisy toys, firecrackers, referee whistles, lawn mowers, and power tools) was
slightly higher in children with mild sensorineural hearing loss (18%) than in children with normal
hearing (10.2%). Use of personal stereos was also a significant risk factor for mild sensorineural hearing
loss with an odds ratio of 1.7 (although it should be noted that the 95% confidence interval was from
1.0 to 3.0). In summary, the results are equivocal.

Our children were 11-12 years old. We think they had not been using a PMP for a long time and
had not yet developed a habit of listening for long periods. Over half of the participants listened to
music through their PMP for less than 1 h a day, and only 10% listened to music every day. They did
not seem to have used their PMP long enough to impair their hearing thresholds. Furthermore, PMP
users reported that the volume level they used was on average about 50%, so the noise level was
probably insufficient to cause damage to hearing over a short time.

A quite similar view was presented by You et al. [35] after a study of 1009 Korean college students
who used personal listening devices. Harrison [36] supposed that, in the short term, the impact of
noise exposure may not be apparent and not manifest immediately, but the accumulated effects may
eventually lead to serious hearing deficits later on. This opinion sounds plausible.

Our study showed that PMP users more often experienced tinnitus than PMP non-users. The
link between tinnitus and noise has been documented by many researchers. Mazurek et al. [37]
revealed that 83% of adult tinnitus patients had high-frequency hearing loss corresponding to the
pattern found with NIHL. Similar evidence has been given by other researchers [38—41] but all these
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studies were done in adult subjects. Knowledge of noise-induced tinnitus in children remains limited
to only a few studies [42]. Holgers et al. [43], Juul et al. [44], and Nembholt et al. [45] investigated
noise-induced tinnitus in children, but only after listening to loud music or other loud sounds, so
their results refer to temporary threshold shift (TTS) rather than to NIHL. More interesting are the
findings of Coelho et al. [46] who investigated children aged 5 to 12 years old. They conclude that
a history of noise exposure was a risk factor for tinnitus (an odds ratio of 1.8) and for troublesome
tinnitus (an odds ratio of 2.8); however, it was unclear how a history of noise exposure was defined.
Our findings suggest that tinnitus may precede full-blown NIHL and be an early sign of hearing
impairment following later. This hypothesis is worth verifying, preferably in a longitudinal study.

In our study we asked children about several activities described in the literature as being noisy
and a risk factor for NIHL. The main finding was that children often play computer games—78%
engaged in this activity at various levels. Among the harmful effects that computer games may have
on children’s health, research has pointed to aggressive behavior and thoughts, emotional problems,
hyperactivity, and inattention [47,48]. The potential effect of playing computer games on hearing
has not been widely discussed, but Iannace et al. [49] showed that game users are highly exposed
to noise and potential damage to hearing depends on a game’s sound intensity and exposure time.
Our study revealed that other leisure activities (e.g., attending music or sporting events) were not
frequently undertaken by the children, which seems understandable taking into account the young
age of our cohort.

We found that only 11.5% of the children ever used hearing protection while engaged in noisy
activities. Bogoch et al. [50] found that only about 20% of attendees of rock concerts ever wore hearing
protection at such events. Similar data was given by Olsen-Widen et al. [51] who found that about 30%
of adolescents used hearing protection at concerts. We think that, for younger children, the parents’
attitude and health education play key roles. Nowadays, children routinely use bike helmets, seat
belts, or car seats to prevent possible injury, and we think that hearing protection devices should also
be promoted. Teachers and parents need to teach children health-oriented behaviors of how to avoid
and minimize the harmful effects of noise.

We found notched audiograms in only 1.3% of the children. This rate is lower than in other
studies—4.5% by le Clercq et al. [23] in a study sample of 3116 children 9-11 years old and the
16.8% figure found by Henderson et al. [22] in a sample of 4310 adolescents 12-19 years old.
However, Twardella et al. [52] found that only 2.3% of 2143 adolescents displayed a notched audiogram.
This inconsistency, especially with the le Clercq et al. [23] results obtained in younger children, shows
that there is a need to accumulate evidence about noise exposure and its impact on children’s hearing
from various countries.

Our study has certain limitations. We gathered data during a hearing screening conducted in
primary schools in Warsaw, the capital of Poland. The aim of the screening was to detect possible hearing
impairment and refer pupils with positive results for further diagnostic testing. Audiological testing
consisted only of pure tone audiometry, which is considered the gold standard for evaluating hearing
levels [53,54], but otoacoustic emissions might be a more sensitive way of detecting hearing impairment
related to noise exposure. Although our study sample was rather large, it is not representative of the
whole population of Polish children aged 11-12 years; it only comprised children living in the biggest
Polish city. Another limitation is a reliance on self-reporting by the children of their exposure to noise.
Our study was observational, not an experiment, and we were not able to precisely define the frequency,
duration, and loudness of exposure to loud music and other sources of noise. Some scalar quantity of
noise would be beneficial to the study. Despite these drawbacks, this study is noteworthy because the
evidence of the effects of noise exposure in younger children is currently scarce. Accumulating a range
of results from different settings will help create guidelines of how to determine NIHL in children and
how to prevent it.
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5. Conclusions

Our findings show that children aged 11-12 years are exposed to leisure noise and PMP use is its
considerable source. However, only 10% of the children reported using PMP every day, and 53% of the
PMP users listened to music less than hour a day. The volume level normally set by the children was
on average 50.8%. We did not find a convincing association between pure-tone hearing thresholds
and PMP use, and notched audiograms were documented in only 1.3% of the children. However,
the results suggest that tinnitus, which was slightly more frequent in PMP users, might be an early
sign of NIHL. The most common source of leisure noise, other than PMP use, was playing computer
games (78% of the children). Only 11.5% of the children ever used hearing protection while engaged in
noisy activities. There is a need for future research to objectively quantify noise exposure in children of
this age. Particular attention should be paid to prevention of NIHL among young children.

Author Contributions: Conceptualization, PH.S., H.S., W.S,, E.G., N.C.; methodology, W.S., E.G., N.C.; formal
analysis, E.G.; data curation: W.S., E.G.; writing—original draft preparation, W.S., E.G.; writing—review and
editing, E.G., W.S., PH.S., N.C,; project administration: PH.S., N.C.; funding acquisition: H.S., PH.S. All authors
have read and agreed to the published version of the manuscript.

Funding: The authors received no specific funding for this work.
Acknowledgments: We acknowledge Andrew Bell for proofreading the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Miedema, H.M.; Oudshoorn, C.G. Annoyance from transportation noise: Relationships with exposure
metrics DNL and DENL and their confidence intervals. Environ. Health Perspect. 2001, 109, 409. [CrossRef]
[PubMed]

2. Licitra, G.; Fredianelli, L.; Petri, D.; Vigotti, M.A. Annoyance evaluation due to overall railway noise and
vibration in Pisa urban areas. Sci. Total Environ. 2016, 568, 1315-1325. [CrossRef] [PubMed]

3. Muzet, A. Environmental noise, sleep and health. Sleep Med. Rev. 2007, 11, 135-142. [CrossRef] [PubMed]

4. Dratva, J.; Phuleria, H.C.; Foraster, M.; Gaspoz, ].-M.; Keidel, D.; Kiinzli, N.; Liu, L.-].S.; Pons, M.; Zemp, E.;
Gerbase, M.W.; et al. Transportation noise and blood pressure in a population-based sample of adults.
Environ. Health Perspect. 2012, 120, 50-55. [CrossRef] [PubMed]

5. Babisch, W.; Beule, B.; Schust, M.; Kersten, N.; Ising, H. Traffic Noise and Risk of Myocardial Infarction.
Epidemiology 2005, 16, 33—40. [CrossRef] [PubMed]

6. Zacarias, FF.; Molina, R H.; Ancela, ].L.C.; L6épez, S.L.; Ojembarrena, A.A. Noise exposure in preterm infants
treated with respiratory support using neonatal helmets. Acta Acust. United Acust. 2013, 99, 590-597.
[CrossRef]

7. Minichilli, E; Gorini, F.; Ascari, E.; Bianchi, E.; Coi, A.; Fredianelli, L.; Licitra, G.; Manzoli, F.; Mezzasalma, L.;
Cori, L. Annoyance Judgment and Measurements of Environmental Noise: A Focus on Italian Secondary
Schools. Int. J. Environ. Res. Public Health 2018, 15, 208. [CrossRef]

8.  Bowdler, D. Amplitude modulation of wind turbine noise: A review of the evidence. Inst. Acoust. Bull. 2008,
33, 31-41.

9.  Fredianelli, L.; Carpita, S.; Licitra, G. A procedure for deriving wind turbine noise limits by taking into
account annoyance. Sci. Total Environ. 2019, 648, 728-736. [CrossRef]

10. Le, T.N,; Straatman, L.V,; Lea, J.; Westerberg, B. Current insights in noise-induced hearing loss: A literature
review of the underlying mechanism, pathophysiology, asymmetry, and management options. J. Otolaryngol.
Head Neck Surg. 2017, 46, 41. [CrossRef]

11. Wang, Y.; Hirose, K.; Liberman, M.C. Dynamics of noise-induced cellular injury and repair in the mouse
cochlea. J. Assoc. Res. Otolaryngol. JARO 2002, 3, 248-268. [CrossRef] [PubMed]

12.  Kujawa, S.G.; Liberman, M.C. Adding Insult to Injury: Cochlear Nerve Degeneration after “Temporary”
Noise-Induced Hearing Loss. J. Neurosci. 2009, 29, 14077-14085. [CrossRef] [PubMed]

13. Liberman, L.D.; Liberman, M.C. Dynamics of cochlear synaptopathy after acoustic overexposure. JARO J.
Assoc. Res. Otolaryngol. 2015, 16, 205-219. [CrossRef]


http://dx.doi.org/10.1289/ehp.01109409
http://www.ncbi.nlm.nih.gov/pubmed/11335190
http://dx.doi.org/10.1016/j.scitotenv.2015.11.071
http://www.ncbi.nlm.nih.gov/pubmed/26775834
http://dx.doi.org/10.1016/j.smrv.2006.09.001
http://www.ncbi.nlm.nih.gov/pubmed/17317241
http://dx.doi.org/10.1289/ehp.1103448
http://www.ncbi.nlm.nih.gov/pubmed/21885382
http://dx.doi.org/10.1097/01.ede.0000147104.84424.24
http://www.ncbi.nlm.nih.gov/pubmed/15613943
http://dx.doi.org/10.3813/AAA.918638
http://dx.doi.org/10.3390/ijerph15020208
http://dx.doi.org/10.1016/j.scitotenv.2018.08.107
http://dx.doi.org/10.1186/s40463-017-0219-x
http://dx.doi.org/10.1007/s101620020028
http://www.ncbi.nlm.nih.gov/pubmed/12382101
http://dx.doi.org/10.1523/JNEUROSCI.2845-09.2009
http://www.ncbi.nlm.nih.gov/pubmed/19906956
http://dx.doi.org/10.1007/s10162-015-0510-3

Int. |. Environ. Res. Public Health 2020, 17, 6934 90f 10

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Tagoe, T.; Barker, M.; Jones, A.; Allcock, N.; Hamann, M. Auditory nerve perinodal dysmyelination in
noise-induced hearing loss. J. Neurosci. Off. ]. Soc. Neurosci. 2014, 34, 2684-2688. [CrossRef] [PubMed]
McBride, D.; Williams, S. Audiometric notch as a sign of noise induced hearing loss. Occup. Environ. Med.
2001, 58, 46-51. [CrossRef]

Evenson, E.; Dobie, R.A.; Rabinowitz, P.; Crawford, J.; Kopke, R.; Hudson, T.W. Occupational noise-induced
hearing loss: ACOEM Task Force on Occupational Hearing Loss. J. Occup. Environ. Med. 2012, 54, 106-108.
[CrossRef]

Rabinowitz, PM.; Galusha, D.; Slade, M.D.; Dixon-Ernst, C.; Sircar, K.D.; Dobie, R.A. Audiogram notches in
noise-exposed workers. Ear Hear. 2006, 27, 742-750. [CrossRef]

Lavinsky, J.; Ge, M.; Crow, A.L.; Pan, C.; Wang, J.; Salehi, P.; Myint, A.; Eskin, E.; Allayee, H.; Lusis, A.].; et al.
The Genetic Architecture of Noise-Induced Hearing Loss: Evidence for a Gene-by-Environment Interaction.
G3 Bethesda Md. 2016, 6, 3219-3228. [CrossRef]

Lie, A.; Skogstad, M.; Johannessen, H.A.; Tynes, T.; Mehlum, 1.S.; Nordby, K.-C.; Engdahl, B.; Tambs, K.
Occupational noise exposure and hearing: A systematic review. Int. Arch. Occup. Environ. Health 2016, 89,
351-372. [CrossRef]

Le Clercq, CM.P; van Ingen, G.; Ruytjens, L.; van der Schroeff, M.P. Music-induced Hearing Loss in Children,
Adolescents, and Young Adults: A Systematic Review and Meta-analysis. Otol. Neurotol. Off. Publ. Am. Otol.
Soc. Am. Neurotol. Soc. Eur. Acad. Otol. Neurotol. 2016, 37, 1208-1216. [CrossRef]

Niskar, A.S.; Kieszak, S.M.; Holmes, A.E.; Esteban, E.; Rubin, C.; Brody, D.]. Estimated prevalence of
noise-induced hearing threshold shifts among children 6 to 19 years of age: The Third National Health and
Nutrition Examination Survey, 1988-1994, United States. Pediatrics 2001, 108, 40-43. [CrossRef] [PubMed]
Henderson, E.; Testa, M.A.; Hartnick, C. Prevalence of noise-induced hearing-threshold shifts and hearing
loss among US youths. Pediatrics 2011, 127, e39—e46. [CrossRef]

Le Clercq, C.M.P,; Goedegebure, A.; Jaddoe, V.W.V.; Raat, H.; de Jong, R.J.B.; van der Schroeff, M.P. Association
Between Portable Music Player Use and Hearing Loss Among Children of School Age in the Netherlands.
JAMA Otolaryngol. Head Neck Surg. 2018, 144, 668-675. [CrossRef] [PubMed]

Sulkowski, W.]J.; Kochanek, K ; Jalocha-Kaczka, A.; Owczarek, K.; Olszewski, J. Music-induced hearing loss
in schoolage children: Data from a questionnaire, otological examination, and audiometry. J. Hear. Sci. 2020,
8, 9-15. [CrossRef]

Basjo, S.; Moller, C.; Widén, S.; Jutengren, G.; Kdhari, K. Hearing thresholds, tinnitus, and headphone
listening habits in nine-year-old children. Int. J. Audiol. 2016, 55, 587-596. [CrossRef] [PubMed]

Cone, B.K.; Wake, M.; Tobin, S.; Poulakis, Z.; Rickards, EW. Slight-mild sensorineural hearing loss in children:
Audiometric, clinical, and risk factor profiles. Ear Hear. 2010, 31, 202-212. [CrossRef]

Skarzynski, H.; Gos, E.; Swierniak, W.; Skarzynski, P.H. Prevalence of hearing loss among polish school-age
children from rural areas—Results of hearing screening program in the sample of 67,416 children. Int. J.
Pediatr. Otorhinolaryngol. 2019, 128, 109676. [CrossRef]

Wriodarczyk, E.A.; Szkietkowska, A.; Skarzynski, H.; Miaskiewicz, B.; Skarzyniski, P.H. Reference values for
psychoacoustic tests on Polish school children 7-10 years old. PLoS ONE 2019, 14, €0221689. [CrossRef]
Skarzynski, PH.; Swierniak, W.; Gos, E.; Pierzynska, I.; Walkowiak, A.; Cywka, K.B.; Wotujewicz, K;
Skarzynski, H. Results of hearing screening of school-age children in Bishkek, Kyrgyzstan. Prim. Health Care
Res. Dev. 2020, 21, e18. [CrossRef]

Skarzynski, PH.; Kochanek, K.; Skarzynski, H.; Senderski, A. Hearing screening program in school-age
children in Western Poland. Int. Adv. Otol. 2011, 7, 194-200.

Skarzynski, P.H.; Swierniak, W.; Pilka, A.; Skarzynska, M.B.; Wtlodarczyk, A.W.; Kholmatov, D.;
Makhamadiev, A.; Hatzopoulos, S. A Hearing Screening Program for Children in Primary Schools in
Tajikistan: A Telemedicine Model. Med. Sci. Monit. Int. Med. ]. Exp. Clin. Res. 2016, 22, 2424-2430.
[CrossRef]

Skarzynski, P.H.; Wlodarczyk, A.W.; Kochanek, K.; Pilka, A.; Jedrzejczak, W.W.; Olszewski, L.; Bruski, L.;
Niedzielski, A.; Skarzynski, H. Central auditory processing disorder (CAPD) tests in a school-age hearing
screening programme—Analysis of 76,429 children. Ann. Agric. Environ. Med. AAEM 2015, 22, 90-95.
[CrossRef]


http://dx.doi.org/10.1523/JNEUROSCI.3977-13.2014
http://www.ncbi.nlm.nih.gov/pubmed/24523557
http://dx.doi.org/10.1136/oem.58.1.46
http://dx.doi.org/10.1097/JOM.0b013e318242677d
http://dx.doi.org/10.1097/01.aud.0000240544.79254.bc
http://dx.doi.org/10.1534/g3.116.032516
http://dx.doi.org/10.1007/s00420-015-1083-5
http://dx.doi.org/10.1097/MAO.0000000000001163
http://dx.doi.org/10.1542/peds.108.1.40
http://www.ncbi.nlm.nih.gov/pubmed/11433052
http://dx.doi.org/10.1542/peds.2010-0926
http://dx.doi.org/10.1001/jamaoto.2018.0646
http://www.ncbi.nlm.nih.gov/pubmed/29902307
http://dx.doi.org/10.17430/1002722
http://dx.doi.org/10.1080/14992027.2016.1190871
http://www.ncbi.nlm.nih.gov/pubmed/27329351
http://dx.doi.org/10.1097/AUD.0b013e3181c62263
http://dx.doi.org/10.1016/j.ijporl.2019.109676
http://dx.doi.org/10.1371/journal.pone.0221689
http://dx.doi.org/10.1017/S1463423620000183
http://dx.doi.org/10.12659/MSM.895967
http://dx.doi.org/10.5604/12321966.1141375

Int. |. Environ. Res. Public Health 2020, 17, 6934 10 of 10

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Sliwa, L.; Hatzopoulos, S.; Kochanek, K.; Pitka, A.; Senderski, A.; Skarzynski, PH. A comparison of
audiometric and objective methods in hearing screening of school children. A preliminary study. Int. J.
Pediatr. Otorhinolaryngol. 2011, 75, 483-488. [CrossRef] [PubMed]

Mostafapour, S.P.; Lahargoue, K.; Gates, G.A. Noise-induced hearing loss in young adults: The role of
personal listening devices and other sources of leisure noise. Laryngoscope 1998, 108, 1832-1839. [CrossRef]
[PubMed]

You, S.; Kwak, C.; Han, W. Use of Personal Listening Devices and Knowledge/Attitude for Greater Hearing
Conservation in College Students: Data Analysis and Regression Model Based on 1009 Respondents. Int. J.
Environ. Res. Public Health 2020, 17,2934. [CrossRef] [PubMed]

Harrison, R.V. Noise-induced hearing loss in children: A ‘less than silent” environmental danger. Paediatr.
Child Health 2008, 13, 377-382. [CrossRef] [PubMed]

Mazurek, B.; Olze, H.; Haupt, H.; Szczepek, A.J. The More the Worse: The Grade of Noise-Induced Hearing
Loss Associates with the Severity of Tinnitus. Int. J. Environ. Res. Public Health 2010, 7, 3071-3079. [CrossRef]
Attias, J.; Reshef, I.; Shemesh, Z.; Salomon, G. Support for the central theory of tinnitus generation: A military
epidemiological study. Int. |. Audiol. 2002, 41, 301-307. [CrossRef]

Savastano, M. Tinnitus with or without hearing loss: Are its characteristics different? Eur. Arch.
Otorhinolaryngol. 2008, 265, 1295-1300. [CrossRef]

Martines, F; Bentivegna, D.; Martines, E.; Sciacca, V.; Martinciglio, G. Assessing audiological,
pathophysiological and psychological variables in tinnitus patients with or without hearing loss. Eur. Arch.
Oto-Rhino-Laryngol 2010, 267, 1685-1693. [CrossRef]

Ghosh, V.; Kumaraswamy, S.; Anil, M.R. Effect of Long-Term Exposure to Traffic Noise on Auditory Temporal
Resolution of Traffic Police: A Preliminary Study. J. Hear. Sci. 2020, 6, 50-54. [CrossRef]

Raj-Koziak, D.; Biekowska, K.; Gos, E.; Wlodarczyk, E.; Skarzynski, H.; Skarzyniski, PH. Audiological and
psychological profiles of children with tinnitus. Hear. Balance Commun. 2019, 18, 1-8. [CrossRef]

Holgers, K.-M. Tinnitus in 7-year-old children. Eur. ]. Pediatr. 2003, 162, 276-278. [CrossRef] [PubMed]
Juul, J.; Barrends, M.-L.; Holgers, K.-M. Tinnitus and hearing in 7-year-old children. Arch. Dis. Child. 2012,
97, 28-30. [CrossRef]

Nembholt, S.; Schmidt, ].H.; Wedderkopp, N.; Baguley, D.M. A Cross-Sectional Study of the Prevalence and Factors
Associated with Tinnitus and/or Hyperacusis in Children. Ear Hear. 2020, 41, 344-355. [CrossRef] [PubMed]
Coelho, C.B.; Sanchez, T.G.; Tyler, R.S. Tinnitus in children and associated risk factors. Prog. Brain Res. 2007,
166, 179-191. [CrossRef]

Browne, K.D.; Hamilton-Giachritsis, C. The influence of violent media on children and adolescents:
A public-health approach. Lancet 2005, 365, 702-710. [CrossRef]

Dorman, S.M. Video and Computer Games: Effect on Children and Implications for Health Education. J. Sch.
Health 1997, 67, 133-138. [CrossRef]

Iannace, G.; Ciaburro, G.; Trematerra, A. Video games noise exposure in teenagers and young adults.
Noise Vib. Worldw. 2020, 51, 3-11. [CrossRef]

Bogoch, L.I; House, R.A.; Kudla, I. Perceptions about hearing protection and noise-induced hearing loss of
attendees of rock concerts. Can. J. Public Health Rev. Can. Sante Publique 2005, 96, 69-72. [CrossRef]

Widen, S.0.; Erlandsson, S.I. The influence of socio-economic status on adolescent attitude to social noise
and hearing protection. Noise Health 2004, 7, 59. [PubMed]

Twardella, D.; Raab, U.; Perez-Alvarez, C.; Steffens, T.; Bolte, G.; Fromme, H. Usage of personal music players
in adolescents and its association with noise-induced hearing loss: A cross-sectional analysis of Ohrkan
cohort study data. Int. J. Audiol. 2017, 56, 38-45. [CrossRef] [PubMed]

Honeth, L.; Bexelius, C.; Eriksson, M.; Sandin, S.; Litton, ].-E.; Rosenhall, U.; Nyrén, O.; Bagger-Sjoback, D.
An internet-based hearing test for simple audiometry in nonclinical settings: Preliminary validation and
proof of principle. Otol. Neurotol. 2010, 31, 708-714. [CrossRef] [PubMed]

Masalski, M.; Grysinski, T.; Krecicki, T. Hearing Tests Based on Biologically Calibrated Mobile Devices:
Comparison with Pure-Tone Audiometry. JMIR MHealth UHealth 2018, 6, e10. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.ijporl.2010.12.024
http://www.ncbi.nlm.nih.gov/pubmed/21295353
http://dx.doi.org/10.1097/00005537-199812000-00013
http://www.ncbi.nlm.nih.gov/pubmed/9851500
http://dx.doi.org/10.3390/ijerph17082934
http://www.ncbi.nlm.nih.gov/pubmed/32340352
http://dx.doi.org/10.1093/pch/13.5.377
http://www.ncbi.nlm.nih.gov/pubmed/19412364
http://dx.doi.org/10.3390/ijerph7083071
http://dx.doi.org/10.3109/14992020209077190
http://dx.doi.org/10.1007/s00405-008-0630-z
http://dx.doi.org/10.1007/s00405-010-1302-3
http://dx.doi.org/10.17430/900836
http://dx.doi.org/10.1080/21695717.2019.1692590
http://dx.doi.org/10.1007/s00431-003-1183-1
http://www.ncbi.nlm.nih.gov/pubmed/12647204
http://dx.doi.org/10.1136/archdischild-2011-300270
http://dx.doi.org/10.1097/AUD.0000000000000759
http://www.ncbi.nlm.nih.gov/pubmed/31365354
http://dx.doi.org/10.1016/S0079-6123(07)66016-6
http://dx.doi.org/10.1016/S0140-6736(05)17952-5
http://dx.doi.org/10.1111/j.1746-1561.1997.tb03432.x
http://dx.doi.org/10.1177/0957456519889956
http://dx.doi.org/10.1007/BF03404022
http://www.ncbi.nlm.nih.gov/pubmed/15703150
http://dx.doi.org/10.1080/14992027.2016.1211762
http://www.ncbi.nlm.nih.gov/pubmed/27686245
http://dx.doi.org/10.1097/MAO.0b013e3181de467a
http://www.ncbi.nlm.nih.gov/pubmed/20458255
http://dx.doi.org/10.2196/mhealth.7800
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Audiometric Testing 
	Survey 
	Participants 
	Statistical Analysis 

	Results 
	Personal Music Player Use 
	Tinnitus 
	Other Sources of Leisure Noise 
	Hearing Protection Use 
	Audiometric Notches 

	Discussion 
	Conclusions 
	References

