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ABSTRACT
Sensorineural hearing loss is one of the most common disorders of the auditory system and represents
a significant medical and social problem worldwide. According to the World Health Organization,
more than 1.5 billion people globally experience some degree of hearing impairment, with a
substantial proportion associated with occupational noise exposure and age-related changes. The aim
of this review is to analyze current scientific data on the prevalence, risk factors, pathogenetic
mechanisms, and modern approaches to the prevention, diagnosis, and rehabilitation of sensorineural
hearing loss. The review is based on the analysis of recent national and international publications
devoted to the epidemiology of hearing disorders, the impact of occupational noise, the role of neuro-
sensory and neuroendocrine mechanisms, as well as the potential of digital technologies for early
detection of hearing impairment. Particular attention is paid to the prospects of mobile audiometry
and digital health applications for hearing screening and monitoring of auditory function. The
findings indicate that the implementation of modern digital technologies and improvement of
preventive programs may significantly increase the effectiveness of early diagnosis and rehabilitation
of patients with sensorineural hearing loss.
Keywords: sensorineural hearing loss, occupational noise, audiometry, mobile audiometry, digital
technologies, prevention, rehabilitation.

JYTO®YJIJIAEB I'aiipat YMpuiioeBn4

I.M.H., ipodeccop

KOBUJIOBA laxonar llloknpoBHa

PhD, morent

MAIOCYIIOBA butudornma Myxamaacodoupsona

65


http://dx.doi.org/10.5281/zenodo.21313052

BUOMELULIHA BA AMATIMET KVPHATIA | VPHAN GUOMELILIHbI 1 TPAKTUKW | JOURNAL OF BIOMEDICINE AND PRACTICE

Maructp
CamapkaHACKHI TOCYJapCTBEHHBIN MEAULIIMHCKUM YHUBEPCUTET

CEHCOHEBPAJIbHAS TYTOYXOCTh B COBPEMEHHOM
OTOPUHOJIAPUHI'OJIOT'MU: TEHAEHIIMU U AHAJIN3 IUTEPATYPBI

AHHOTALUSA
CeHcoHeBpasnbHasE TYTOYXOCTh SIBISIETCA OAHOM M3 Haubosiee pacnpOoCTpaHEHHBIX IaTOJIOTHM
CIlyXOBOT'O aHajM3aTopa M TMPEACTaBIIeT 3HAYUTEIbHYIO MEIUKO-COLUAIBHYIO MpobiemMy
coBpeMeHHOro oOmiectBa. [To nanubiM BeceMupHoit opranuzanuu 31paBooxpanenus, oonee 1,5 miapa
YeJIOBEK B MUPE UMEIOT PA3JIMUHBIE CTENEHW HApyLIEHMs ClIyXa, TP 3TOM 3HAUYUTENIbHAsl 4acTb
CJIy4aeB CBsA3aHa C BO3/EHCTBUEM IIPOU3BOACTBEHHOIO LITyMa M BO3PAaCTHBIMU U3MEHEHUAMU. Llenbro
HACTOSILEro 0030pa SIBISETCS aHAIU3 COBPEMEHHBIX HAayUHBIX JAHHBIX O PacHpOCTPaHEHHOCTH,
¢dakTOpax pHCKa, IAaTOTCHETUYECKUX MeEXaHU3MaX, a TakXKe COBPEMEHHBIX IOAX0JaX K
npopMIaKkTUKE, TUArHOCTUKE U peabuiIMTalui CeHCOHEBpANbHOM Tyroyxoctu. IIpoBenén ananus
OTEYECTBEHHBIX U 3apyOeXKHBIX MyOIMKAIMHA TOCIEAHUX JIET, MOCBSIIEHHBIX AMHJIEMHOIOIHU
CIIyXOBBIX HApyLIEHWH, BIUSHUIO TNPOU3BOACTBEHHOIO IlIyMa, pOJU HEHUPOCEHCOPHBIX U
HEHPO3HIOKPHUHHBIX MEXaHU3MOB, @ TAK)KE BO3MOXKHOCTSIM PUMEHEHHU S LU(PPOBBIX TEXHOIOT U JUIs
PaHHErO BBIABICHUS HapyleHui ciryxa. Oco0oe BHUMaHKE yIeJIEHO epCIeKTHBAaM UCTIOIb30BaHUS
MOOMJIBHOM ayJJMOMETpUH U IU(PPOBBIX MEIUIMHCKUX NPUIOKEHUH JUIs CKpUHHMHTA CiyXa U
MOHUTOPHUHTA CITyX0BOU (pyHKIMH. Pe3yabTaThl aHalin3a MOKa3bIBalOT, YTO BHEJPEHHE COBPEMEHHBIX
U(POBBIX TEXHOJOTMH M COBEPIICHCTBOBAHWE NPOTrpamMM MPO(UIAKTUKM MOTYT 3HAUYHUTENIBHO
MOBBICUTH Y(PPEKTUBHOCTh PaHHEH ITUArHOCTUKU M PeadMIMTALUU MMALMEHTOB C CEHCOHEBPAIbHOM
TYTOyXOCTbIO.
KuroueBrble cj10Ba: ceHCOHEBpaIbHas TYTOyXOCTb, IPOU3BOICTBEHHBIN IIYyM, ay IMOMETPHS,
MOOMIIbHAS Ay JUOMETPUsl, LIU(POBBIE TEXHOJIOTUH, TPOPHUIAKTUKA, peaOMInTaIIHSL.
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Camapkan naBiat THOOUET YHUBEPCUTETH

3AMOHABHIA OTOPUHOJIAPUHTOJIOT MsIJIA CEHCOHEBPAJT
KATTUKKYJOKJUK: TEHIEHIUSJIAP BA AIABUETJIAP TAXJIUIN

AHHOTALUSA
CeHcoHEBpa KaTTUKKYJIOKIUK SIIUTHII aHATU3ATOPUHUHT SHT KEHI' TapKaJlraH MaToJI0rUsIapuaan
Oupu OYynuO, 3aMOHABUN >KaMUATAA MYXUM THOOMM-MKTHMOUNM MyaMMOJIapAaH XHUCOOIaHAIH.
JKaxoH COFMMKHHU cakjall TalIKWIOTH MablyMOTJIapura kKypa, nyHéna 1,5 MuwummapaiaH OpTHK
MHCOH TYpJIM Japa)kaJlard SIIUTUII Oy3UIHIUIApUra 3Ta. YJIapHUHT KaTTa KUCMH UIUIA0 YMKapUII
IIIOBKMHHU TabCUPH, €11Ira OOFIIMK Y3rapuiiiap Ba Oomka oMuuiap OuiaH OOFIuK. Y10y MakoJIaHUHT
MaKcaJd CEHCOHEeBpald KATTUKKYJIOKIMKHUHI TAapKAIMIIM, XaB( OMWIJIApH, IaTOIC€HETUK
MEeXaHU3MJapu Xama MNpo(uiIakTHKa, JUarHOCTHKAa Ba peaOMIMTALMSHUHT  3aMOHaBHH
EHIIAIIYBIAPUHM TaxXJIWJI KUJIUILIaH noopaT. Makosana OXUpryu Hujutapa qyor STHITaH Maxajului
Ba XOpWXMHA HIMHM MaHOamap Ttaxiuin KwimHau. LlyHuHraek, smmTum Oy3uIMIUTAPUHUHT
SMUJEMHOJOTHACH, MIUIA0 YHKApUII IIOBKUHU TabCUpPH, HEHpOCEHCOp Ba HEHpPO3HIOKPHH
MeXaHu3MJap XaMJa OSIIMTUIIHU 53pTa aHUKIANZA pPakaMiId TEXHOJIOTHUSJIApHM  KyJUlall
UMKOHMATIApU KypuO yMKWIIH. MoOwin ayauomeTpusi Ba THOOWMN MOOWI WIOBQJIAPHU KYyJIall
SIIUTHUINHU CKPUHUHI KWJIMII Ba SIIUTHIN (YHKIUSCMHM MOHUTOPHHI KWJIMIIAA HCTUKOOIUIN
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ycyiapaan oupu xucoOnanaau. 3aMOHABUN paKamMJId TEXHOJIOTUsTIApHH )KOPU 3TUII CEHCOHEBpAII
KaTTUKKYJOKJIMKHHU 3pTa aHUKJIAII Ba peaOuIuTays caMmapagopIuruHi OLIUPHUIITa XU3MAT KUJIa 1.
KaymT cy3nap: ceHcoHeBpasl KATTUKKYJIOKIUK, CAHOAT IIOBBIMHU, ayIMOMETPHsI, MOOMII
ayJMOMETPHS, pablaMJId TEXHOJIOTHsIap, NpoduIakTUKa, peaduaIuTanus.

The relevance of the issue. Hearing loss is one of the leading medical and social challenges
facing modern society. According to WHO estimates, over 1.5 billion people (20% of the world’s
population) have some degree of hearing loss. Of these, 430 million people have disabling hearing
loss, which severely limits their ability to communicate and function in daily life.

According to the Global Burden of Disease Study (2019), more than 1.57 billion people
worldwide have some degree of hearing impairment, accounting for around 20.3% of the population,
of whom over 403 million suffer from moderate to severe hearing loss. By 2050, this figure is
expected to rise to 2.45 billion people, meaning that one in four people on the planet will face the
problem of hearing loss.

The adult population is particularly vulnerable due to gradual age-related hearing loss,
occupational risks, noise pollution and associated chronic conditions. According to a systematic
review by Tao et al. (2025), the prevalence of hearing loss among adults is approximately 31%, whilst
disabling hearing loss is found in 15.9%. Hearing loss in adults is directly linked to cognitive decline,
depression, social isolation and loss of working capacity, which significantly increases the economic
costs to society. According to WHO estimates, the annual global cost of untreated hearing loss
exceeds US$980 billion.

In countries with rapidly ageing populations, there has been a significant increase in the
prevalence of hearing loss: in South Korea, for example, the prevalence rises from 7.5% among 50-
year-olds to 63.9% among those aged 70 and over. These figures may also apply to Central Asian
countries, including Uzbekistan, where the proportion of older people is increasing.

Sensorineural hearing loss caused by occupational noise exposure is one of the most common
occupational hearing disorders worldwide and remains a significant medical and social problem,
particularly among workers in noisy industries. Recent studies confirm that noise-induced hearing
loss is widespread and negatively affects the physical and psychosocial well-being of workers,
reducing their quality of life and productivity (9, 12).

The international scientific literature emphasises that occupational noise exposure remains a
key risk factor for the development of sensorineural hearing loss, despite modern prevention
programmes implemented in a number of developed countries(10, 11).

In recent years, the issue of sensorineural hearing loss has been viewed not only as a clinical
problem, but also as a significant medical, social and economic challenge. Recent studies emphasise
that occupational sensorineural hearing loss, caused by exposure to industrial noise, ranks among the
leading causes of occupational hearing disorders and continues to be highly prevalent even where
standard occupational health and safety programmes are in place (10).

Foreign epidemiological studies and systematic reviews show that prolonged exposure to
noise leads not only to progressive hearing loss, but also to the development of persistent functional
and neurosensory disorders, accompanied by cognitive decline, emotional disorders and social
maladjustment (9, 14, 17). A number of studies emphasise that occupational hearing loss is associated
with an increased risk of depression, anxiety disorders and a reduced quality of life, which exacerbates
the socio-economic burden of the condition.

In recent years, research has been conducted in Uzbekistan into sensorineural hearing loss in
children (8); methods for the comprehensive diagnosis of sensorineural hearing loss have been studied
and surgical techniques for its treatment have been refined (2, 3), factors contributing to the
development of sensorineural hearing loss in young children following exposure to aminoglycosides
have been identified (4), methods for the comprehensive management of patients with vascular and
infectious acute sensorineural hearing loss have been developed (1), comprehensive methods for the
diagnosis and treatment of sensorineural hearing loss in cases of toxoplasmosis and cytomegalovirus
infection have been studied (6).
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Methods for the treatment and prevention of cerebral changes in occupational hearing loss
have been developed (5), and clinical and functional changes in occupational sensorineural hearing
loss, along with the specific features of its diagnosis and treatment in workers exposed to noise and
vibration, are currently the subject of active discussion (7).

Uzbekistan is characterised by a lack of systematic data on the prevalence of hearing loss
among the adult population. There are studies and government programmes on universal audiological
screening of newborns, but the epidemiology and prevention of hearing disorders in adults remain
virtually unexplored. According to sociological surveys, 34.3% of people with hearing loss in
Uzbekistan experience constant difficulties in daily life and social adaptation, which confirms the
limited access to diagnosis and rehabilitation.
Global clinical and public health guidelines emphasise that hearing care should encompass not only
the prevention and early detection of hearing loss, but also comprehensive rehabilitation for people
with sensorineural hearing loss, aimed at restoring their functional abilities and ensuring their social
and professional integration (WHO, 2021-2025). The World Health Organisation’s work on hearing
issues encompasses the development of technical guidelines for Member States on improving ear and
hearing care systems, including the implementation of hearing aid programmes, communication
training and support for patients in their daily lives (WHO).

At the same time, the rapid proliferation of smartphones and the development of mobile health
applications are opening up the technical possibility of mass hearing screening (audiometry). The
inclusion of mobile applications in early hearing loss detection schemes can: increase screening
coverage in remote and rural areas;reduce the time to detection and referral to a specialist;reduce the
burden on primary care facilities by using remote patient selection algorithms for face-to-face
examinations;improve the monitoring of changes in hearing function and the effectiveness of
prevention programmes (including educational activities on safe listening).

Recent international studies confirm the high diagnostic value of mobile audiometry for
hearing screening. A meta-analysis of 25 studies (n = 4,470) showed that smartphone audiometry has
a sensitivity of approximately 89% and a specificity of approximately 93%, with an AUC of 0.96,
confirming its accuracy even in resource-limited settings. More recent reviews indicate that mobile
applications demonstrate a sensitivity of 91-94% and a specificity of 87-90% for detecting mild and
moderate hearing loss, confirming their suitability for mass screening outside specialist clinics
(PubMed ID: 36862527; Springer, 2024). Digital technologies therefore represent a promising tool
for the early diagnosis and prevention of hearing loss.

In recent years, the Republic of Uzbekistan has been pursuing a targeted policy aimed at the
digitalisation of the healthcare system and the improvement of specialist medical care, which creates
favourable conditions for the introduction of digital tools for early diagnosis. Thus, a number of
regulatory acts of the President of the Republic of Uzbekistan provide strategic support for the
digitalisation of healthcare and measures to develop otorhinolaryngological care: Presidential Decree
No. PP-140 of 1 May 2023 “‘On Additional Measures for the Digitalisation of the Healthcare System’,
Decree No. PP-415 of 28 December 2023 ‘On Additional Measures to Accelerate the Digitalisation
of the Healthcare System and the Introduction of Advanced Digital Technologies’. These documents
explicitly provide for measures for the early detection and prevention of hearing disorders and
encourage the introduction of digital solutions into medical practice.

Decree of the President of the Republic of Uzbekistan No. PP-255 of 1 August 2023 “On
measures to improve and expand the coverage of otorhinolaryngological services” includes the
following provisions: the development of a network of specialised ENT clinics and audiological
services in the regions;strengthening measures for the prevention of hearing disorders and their early
detection;the introduction of modern digital technologies and diagnostic methods, including
screening programmes;improving access to medical care for patients with hearing impairments;the
organisation of educational and awareness-raising activities among the population.

Given the legislative support for the digitalisation of healthcare in the Republic of Uzbekistan
and the scale of the global problem of hearing loss, the scientific evaluation and adaptation of mobile

68



BUOMELULIHA BA AMATIMET KVPHATIA | VPHAN GUOMELILIHbI 1 TPAKTUKW | JOURNAL OF BIOMEDICINE AND PRACTICE

applications for home audiometry appears to be a timely and practically significant task for the
national healthcare system.

The results of meta-analyses and systematic reviews confirm the high diagnostic accuracy of
mobile audiometry and digital hearing assessment tools, making them promising for use in
occupational health programmes and the prevention of hearing loss among workers in noisy
environments (14). At the same time, the need to adapt such technologies to national conditions,
linguistic characteristics and the specific nature of occupational risks is emphasised.

Despite the existence of occupational health and safety regulations and measures to reduce
noise levels in the workplace, the prevalence of occupational sensorineural hearing loss remains a
pressing issue in many industrial sectors. This is due to the late detection of early forms of hearing
impairment, the insufficient effectiveness of standard preventive measures, and the lack of an
individualised approach to occupational risk assessment and the restoration of hearing function
(CDC/NIOSH, 2024).

Furthermore, systematic reviews indicate that workplace hearing protection programmes can
reduce the risk of hearing loss progression, but require further optimisation and assessment of their
long-term effects.

The current literature devotes particular attention to the pathogenic mechanisms of
sensorineural hearing loss. It has been established that damage to the auditory system caused by noise
exposure is underpinned by processes of oxidative stress, mitochondrial dysfunction and
neuroinflammation, as confirmed by experimental and clinical studies in recent years (15, 16, 18). It
is emphasised, however, that standard therapeutic approaches often fail to take into account the
individual pathogenetic characteristics of patients, which limits their effectiveness.

In recent years, there has been growing interest in studying the role of neuroendocrine
mechanisms in the development of sensorineural hearing loss. Studies show that chronic stress,
characteristic of workers in noisy environments, is accompanied by activation of the stress response
system and changes in cortisol secretion, as well as disruption of the regulation of indoleamine
neurohormones — melatonin and serotonin — which are involved in neuroprotection, regulation of
circadian rhythms and antioxidant defence (13,19). However, in the available literature, data on a
comprehensive assessment of neurohormonal status in workers in noisy environments with
sensorineural hearing loss are sporadic and fragmentary.

Current clinical guidelines and reviews emphasise that the effectiveness of prevention and
rehabilitation for sensorineural hearing loss increases significantly with the early detection of initial
forms of hearing impairment and the ongoing monitoring of hearing function (WHO, 2021-2025;
21). In this regard, there is active discussion regarding the use of digital and mobile technologies,
which enable the expansion of screening coverage, improve access to audiological care, and ensure
long-term monitoring of patients outside specialist centres (20).

Thus, there are objective grounds for further in-depth study of the mechanisms of
development, prevention and personalised rehabilitation of sensorineural hearing loss in noisy
industrial environments. Given the high prevalence of hearing loss among workers exposed to high
noise levels, its socio-economic consequences, the lack of systematic data in Uzbekistan, and the
state’s strategic focus on the digitalisation of healthcare, the research topic is particularly relevant. It
addresses contemporary challenges, national healthcare priorities and global scientific trends, and its
findings have the potential to significantly enhance the effectiveness of prevention and personalised
rehabilitation of sensorineural hearing loss in our country.
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