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KEY HEARING LOSS RISK FACTORS FOR CHILDREN, ADOLESCENTS AND YOUTH ASSOCIATED WITH
USE OF MOBILE ELECTRONIC DEVICES WITH HEADPHONES
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The number of research papers about the impact electronic devices produce on the younger generation that uses them is constantly growing. This study aimed
to identify the leading hearing loss risk factors for children, adolescents and youth associated with use of mobile electronic devices with headphones In the
2017-2021 academic years, we surveyed 518 students in Moscow and 1000 schoolchildren and students in the towns of Izhevsk and Tchaikovsky. The survey
was designed to collect data on the conditions in which the respondents use mobile electronic devices with headphones, design features of the headphones used
and their hearing health status. The inclusion criteria were: status of a schoolchild, student, signed and submitted informed consent form, questionnaire correctly
completed by the respondent or his/her legal representative, one or more years of using mobile electronic devices. The conducted study does not endanger the
participants and complies with the biomedical ethics requirements. Statistica 13 PL software was used for statistical processing of the data collected. Fourteen
percent of the respondents reported hearing deterioration in the course of the last year. Prolonged use of mobile electronic devices with headphones increases the
risk of hearing loss by 10.4 times, listening to audio files at maximum volume — by 3.2 times, listening to audio files while in @ moving vehicle —by 7.1 times. Most
schoolchildren and students with hearing impairments have been using headphones for at least a year, preferred in-ear headphones with silicone tips, used them at
maximum volume daily, for more than two hours a day, including while in a moving vehicle. The recommendations for students and schoolchildren is to limit the time
of use of their electronic devices with headphones and use them at a lower volume; complying with the recommendations can improve the functional state of their
health. It is also recommended not to use headphones while in a moving vehicle. If hearing begins deteriorating, it is necessary to cease using mobile electronic
devices with headphones. Today, schoolchildren and students are exposed to the hearing impairment risks associated with use of mobile electronic devices with
headphones, which makes the search for the most efficient ways of forming healthy lifestyle habits among them even more urgent.
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BEOYLLUVE ®AKTOPbI PUCKA HAPYLLEHUA OPFAHA CJTYXA MPU UCMNOJIb30BAHUN OETbMU,
NOAPOCTKAMU U MOJTIOOEXKbIO MOBWJIbHbIX SJIEKTPOHHbIX YCTPOUCTB C HAYLLUHUKAMU
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B Hay4Ho n1TepaType NosBnseTcs Bce 60mbLue NyOnmKaLmi 0 BAMSHM MCMOSIb30BaHNA MOBUIbHBIX SIEKTPOHHBIX YCTPOWCTB Ha noapacTatoLLee nokoneHue. Liensto
[aHHOro MCCNefoBaHNs SBMANOCh BbISBNEHE BeOyLLMX (DakTOPOB PUCKa HapyLLEHW opraHa Ciyxa Mpu UCMOb30BaHNN AETbMM, NOAPOCTKaMU 1 MOSTOAEXHHO
MOBUIBHBIX SNEKTPOHHBIX YCTPOWCTB C HayLUHkamu, B 2017-2021 y4ebHbix rogax 6bi10 nposefeHo aHkeTnpoBaHve 518 ctyaeHToB Mocksb! 1 1000 LWKONBHNKOB
1 CTyOeHTOB I/bkeBcka 1 Hankosckoro. C MoMoLLpto onpoca NosyHeHbl AaHHble 06 YCNOBYISIX MCMONb30BaHMSt MOOUIBHBIX SMEKTPOHHBIX YCTPOWCTB C HayLLHVKaMU 1
KOHCTPYKTUBHBIX OCOBEHHOCTSIX HaYLLIHVMKOB, COCTOSIHUM OpraHa cryxa. Kpurepum BKITKOHEHNS — LUKOMBHUK, CTYAEHT, Hanyme NOAnMCcaHHOro MHhOPMUMPOBAHHOMO
cornacwsl, KOPPEKTHO 3anoNHEHHBI PECMOHAEHTOM MW €ro 3aKOHHbIM MPEACTaBUTENEM OMPOCHIK, CTaXK UCTMONB30BaHNS MOOMIIBHbIX SNEKTPOHHBIX YCTPOWMCTB — MOf,
1 6onee. MNpoBeneHHOe nccnenoBaHne He NOABEPraeT ONMaCHOCTU YHaCTHUKOB 1 COOTBETCTBYET TPeOoBaHMAM BUOMEANUMHCKON 3Tk, CTatncTndeckast obpaboTtka
nposefeHa ¢ ncnonb3osaHnem Statistica 13 PL. 14,0% pecrnoHOeHTOB OTMETUAM yXyALLEHVE CIyXa B TeHeHIe NOCNEAHEro rofa. PUCK CHYDKEHMS Cryxa NOBbILLIAETCA
NPy AAMTENBHOM NCMONB30BaHMM MOBUIBHBIX ANEKTPOHHBIX YCTPOMCTB C HayLLHkamy B 10,4 pasa, npocnyLumBaHm ayavodanioB Ha MakCManbHON MPOMKOCT —
B 3,2 pasa, npocnylumBaHne ayanodanioB B TpaHcnopte — B 7,1 pas. BonblUMHCTBO LWKOMBHMKOB U CTYAEHTOB, KOTOPbIE UMENM HAPYLLEHWS CRyXa, MEN CTaxK
MCMONB30BaHNS HayLLIHVKOB HE MeHbLLIE FOAa, MCMONb30Bav BHYTPUKaHabHbIE HAYLLHUKW Ha MaKCUMaIbHOM MPOMKOCTY eXKEAHEBHO, ANMTENBHOCTLIO 6onee AByX
YacoB B AicHb, B TOM Y1C/E 1 B TPAHCMOPTE. YYalLMMCS PEKOMEHLYETCS OrpaHNHEHNe BPEMEHN 1 CHKEHNE MPOMKOCTI UCTIONB30BaHNS SNEKTPOHHbIX YCTPONCTB
C HayLUHMKamK, YTO GnaronpusiTHO BAMSIET Ha UX (PyHKLMOHAIbBHOE COCTOSHWE 3[0PO0BbS. PekoMeHOyeTCs He MCMonb30BaTh ayAvoHayLLHVKY B TpaHchopTe.
[pu NosBAEHM >kan06 CO CTOPOHbI OPraHa Cryxa HEOOXOAMMO MPEeKPaLLEHVE NCMONB30BaHNS MOBUITBHBIX NEKTPOHHBIX YCTPOMCTB C HayLLHMKamU1. B COBpemMeHHbIX
YCIIOBUSIX Y LUKOSBHUKOB U CTYAEHTOB CYLLIECTBYET PVCK HAPYLLEHUS CIyXa, CBSI3aHHbI C MCMONb30BaHMEM MOOUITBHBIX SNIEKTPOHHBIX YCTPONCTB C HAYLLIHUKaMU, YTO
[enaet 0COBEHHO aKTyalbHbIM MOVCK Hanbornee ahheKTVBHbIX hopM hopMMpoBaHMs yeTaHOBOK 3OXK y MOMOAEXKN.

Knto4yeBble cnoBa: LUKOMbHVIKN, CTYAEHTbI, MOBUbHbIE SNEKTPOHHbIE YCTPOWCTBA

Bknap aBTopoB: Masnosa I B. — Hay4Hoe pykoBOACTBO, HanucaHue ctatby; Mapkenosa C. B., MapTiowea B. . — cbop maTtepuana, crtatucTudeckas
0bpaboTka, aHanmM3 nuTepaTypsbl.

CobniofeHne aTU4eCKUX CTaHAapToB: faHHoe nccnegoBaHne 6bino ogobpeHo JIOK PHMY vm. H. V. Tuporosa (Mpotokon Ne 203 ot 20.12.2020) 1 JTIOK
OIrbOY BO «/hkeBckasi rocygapcTBeHHast MeauupvHeKast akagemusi» Munaapasa Poccum (MpoTtokon Ne 655 ot 23.04.2019). [Jo6poBonbHOE NHHOPMMPOBaHHOE
cornacvie 6bl10 MoNy4eHO AN KaKAoro y4acTHuKa. [NpoBedeHHOe MCcneaoBaHne He mopaBepraeT OMacHOCTW YYaCTHUKOB M COOTBETCTBYET TPeboBaHUAM
BVOMEOVILIMHCKON STUKN.

><] Ansa koppecnoHgeHumn: BaneHtuHa MropesHa MapTioluesa
yn. KommyHapos, 4.281, Yamyptckas Pecnybnuka, r. Vixesck, 426056, Poccus; tajraa1991@mail.ru

Cratbs noctynuna: 03.10.2021 CtaTbsi NpuHATa K nevatu: 24.11.2021 Ony6nukosaHa oHnaiH: 30.12.2021

DOI: 10.24075/rbh.2021.028

8 | RUSSIAN BULLETIN OF HYGIENE | 4, 2021 | RBH.RSMU.PRESS



Modern mobile electronic devices — smartphones — are small
but powerful computers that can continuously receive audio and
video data, and the potential harm they can do is increasingly
associated with the duration of use of such devices [1-5].

According to WHO, 1.1 billion young people worldwide
are at risk of hearing loss because of the exposure to noise
in recreational and entertainment settings. Nearly 50% of all
adolescents and young adults aged 12 to 35 use their personal
audio devices with sound volume hazardously high. About 15%
of schoolchildren have hearing impairments [6-8].

However, current scientific literature does not have a
sufficient number of publications investigating hearing hazard
risk factors the younger generation is exposed to, including
those related to the conditions of use of mobile electronic
devices with headphones and their design features.

This study aimed to identify the leading hearing loss risk
factors for children, adolescents and youth associated with use
of mobile electronic devices with headphones

MATERIALS AND METHODS

In the 2017-2021 academic years (September through May),
we surveyed 518 students in Moscow and 1000 schoolchildren
and students in the towns of Izhevsk and Tchaikovsky. Using a
standardized questionnaire we collected data on the conditions
in which the respondents use mobile electronic devices with
headphones, design features of the headphones used and their
hearing health status.

The inclusion criteria were: status of a schoolchild, student,
signed and submitted informed consent form, questionnaire
correctly completed by the respondent or his/her legal
representative, one or more years of using mobile electronic
devices. The exclusion criteria were: different age, lack of
signed informed consent form, lack of the correctly completed
questionnaire, using mobile electronic device for less than a
year. The study did not endanger participants; it meets the
biomedical ethics requirements and conforms to the provisions
of the Declaration of Helsinki (1983).

Statistical processing of the data was enabled by Statistica
13.0 (StatSoft Inc.; USA).

RESULTS

With the help of the questionnaire, we established the pattern
of use of mobile electronic devices with headphones habitual
for schoolchildren and students, as well as design features of
the headphones.

By design, there are basically four types of headphones.
Over-ear headphones with good noise isolation, good sound
quality at a lower volume level; such headphones deliver sound
into the auricle and not the ear canal, which reduces the
impact on the eardrum; ear cushions of over-ear headphones
completely cover the auricles and fit snugly to the head. On-
ear headphones fit well to the ear but do not wrap around it
completely, do not create increased sound pressure on the
acoustic apparatus and have average noise isolation. In-ear
headphones (earphones) with silicone tips offer good sound
isolation and good sound quality at a lower volume level, but
they are put into the external auditory canal, which brings the
sound source as close as possible to the inner ear and affects
the eardrum. Plastic in-ear headphones (also called “classic
earphones”) are put in the auricle in front of the ear canal; they
offer poor sound isolation, which translates into higher sound
volume levels associated with their use. A design feature of
the headphones that should be mentioned is the Active Noise
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Cancellation (also known as Active Noise Control and Active
Noise Reduction) technology, which eliminates unwanted noise
by adding a specially generated sound to the audio stream.
The drawback of this technology is the increased pressure on
the eardrums: together with music and noise, we hear “anti-
noise”, i. e., inverted ambient noise.

Among the surveyed schoolchildren and students of
Izhevsk and Chaikovsky, 88.2% prefer in-ear headphones with
silicone tips, 8.9% use plastic in-ear headphones and 2.9%
use headphones of other types. In Moscow, 95.7% of students
prefer in-ear headphones with silicone tips. Headphones
of 72.3% of the surveyed schoolchildren and students of
Izhevsk and Tchaikovsky are wired, the remaining part of the
participants use wireless headphones. On the contrary, in
Moscow 71.4% of students that participated in the study use
wireless headphones and the rest use wired. Ninety percent
of the respondents have been using headphones for no more
than 3 years. As for the noise canceling technology, 15.7% of
the headphones had it.

Among the respondents, 14.1% usually listen to audio files
in headphones at maximum volume.

Students have the longest experience of using mobile
electronic devices with headphones: 10.2+1.5 years, while for
schoolchildren this value is 7.4+0.9. It is typical for students
to use mobile electronic devices with headphones in moving
vehicles, while commuting; this setting adds its own specifics
to the use case. Over half of the respondents (53.1%) often
listen to music on electronic devices with headphones in places
where the noise level is high, such as public transport and
public spaces, and 49.2% of the participants underestimate
the risk of doing so when in a moving transport, i. e. the risk
the respective environment, with its insufficient lighting and loud
noises, poses to eyes and hears. The degree of risk associated
with high noise levels in transport settings is underestimated by
28.4% of students and schoolchildren. While in a moving public
transport, 18% of young people listen to music on electronic
devices with headphones at a volume of 8.6 + 1.4 out of
10. The average time of using mobile electronic devices with
headphones in transport settings is 17.2+1.2 minutes. Only
15.7% of respondents agree to refrain from listening to audio
files in headphones when the level of ambient noise is high.
Tinnitus, buzzing in ears that follows listening to audio files in
headphones, is known to 22.9% of respondents.

Overall, 14.0% of the respondents mentioned hearing
deterioration over the past year, and specifically among
students this figure was 13.8% (Table).

Calculation of relative risk showed that the risk of hearing
deterioration increases 10.4 times when mobile electronic
devices with headphones are used for long periods of time,
grows 3.2 times when audio files are played at maximum
volume, goes up 7.1 times if listening happens in public
transport settings.

There were no hearing deterioration cases registered
among those who did not use mobile electronic devices with
headphones. Most schoolchildren and students whose hearing
was impaired have been using headphones for at least a year,
preferred in-ear headphones with silicone tips and used them
at maximum volume every day, for more than two hours a day,
including while in transport.

DISCUSSION
The study revealed that students and schoolchildren use

mobile electronic devices with headphones in 95.0% of cases,
which confirms the importance of prevention campaigns
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Table 1. The impact of use of mobile electronic devices with headphones on the development of hearing impairment in schoolchildren and students during the last year

Pearson coefficient
Factors
Value p Strength of association
Length of use of ED with headphones 0.89 p=<0.05 strong
Audio file listening volume 0.83 p<0.05 strong
Falling asleep with headphones on 0.82 p=<0.05 strong
Use of ED with headphones in transport settings 0.75 p=<0.05 strong
Type of headphones 0.71 p=<0.05 strong
Weekly headphones use frequency 0.71 p=<0.05 strong
Installed noise canceling technology 0.70 p=<0.05 strong

among children, adolescents and youth aimed at instiling a
proper attitude towards using mobile electronic devices with
headphones, with such campaigns, in particular, incorporating
the necessary information into curricula [9,10].

Numerous research papers highlight the impact of mobile
electronic devices on the body systems of children, adolescents
and young people. In particular, such devices affect the organ
of sight, neuropsychic systems, musculoskeletal system etc.
[11,12,13].

However, the effects arising from the use of mobile electronic
devices with headphones have not been investigated sufficiently.
Russian research literature offers no evidence-based information
on the safe level of volume and length of use of headphones,
which disallows drawing a complete picture of preventive and
protective measures designed to safeguard the hearing organ
with the modern technological advancements factored in [6, 14].

The effect of sound is cumulative; adverse changes of the
hearing organ accumulate gradually, during exposure to this
harmful factor. The development of hearing loss is associated
with gradual damage to the ear and its deteriorating adaptive
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