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Abstract. Age-related changes in the body can cause functional limitations that make it difficult for older people to
maintain their lifestyle and fulfil their social and personal roles, affecting their ability to live a full life. This article
explored the main mechanisms by which hearing loss affects the quality of life in older people. Scientific publications
from 2016-2025 in the MEDLINE/PubMed biomedical research database were reviewed. The analysis showed that age-
related hearing loss is primarily caused by neurodegenerative processes. It was found that the degeneration of neurons in
the auditory pathway — from the hair cells of the cochlea to the neurons of the neocortex — occurs in a reduction in the cell
population, morphological alteration of neurons, and a decrease in the number of synaptic contacts. These changes are
accompanied by disturbances in biochemical and electrophysiological homeostasis, dysregulation of intracellular calcium
signalling, and decreased levels of key neurotransmitters, including glutamate, glycine, and y-aminobutyric acid. Further
analysis showed that these neurobiological disorders lead to a decrease in impulse activity and a weakening of inhibitory
processes, which clinically manifests itself in auditory dysfunction, impaired perception of acoustic signals, and a decrease
in the ability to spatially localise sound. The study determined that concomitant microangiopathy is characterised by
inhibition of angiogenesis, decreased density of functioning capillaries, thickening of the basement membrane, and
endothelial dysfunction, which leads to decreased tissue perfusion. It was found that microcirculatory insufficiency
contributes to secondary ischaemic cell damage through the activation of oxidative stress and inflammatory cascades.
Generalised age-related degeneration of neurons and microvessels is also evident in the brain structures responsible
for cognitive functions. As a result, a recurrent pathophysiological mechanism is formed: auditory deprivation increases
cognitive load and accelerates the depletion of neural resources, which in turn exacerbates neurodegenerative processes
and structural changes in the brain. Analysis has shown that these processes mutually potentiate each other, causing
progressive deterioration of cognitive functions and a decrease in physical and social activity in older people
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INTRODUCTION

Quality of life is one of the key integral indicators of health
status. It is a composite multifactorial concept that re-
flects not only medical aspects, but also functional, psy-
cho-emotional and social components. It is used as one of
the leading indicators of the level of social development
of countries, which confirms the gradual shift in the global
paradigm from a predominantly economic focus and tech-
nological progress to a people-oriented priority. Quality of
life assessment reflects a person’s subjective perception
of their psychophysiological state and is based on a sys-
tem of individual values, life experience, expectations and
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standards. Given the global ageing of the world’s popula-
tion, research into the factors that affect the quality of life
of this age group is of scientific and clinical importance.
The review by Q. Zheng et al. [1] emphasised that pres-
bycusis is one of the most common geriatric diseases, sec-
ond only to cardiovascular disease and degenerative joint
disease in terms of frequency. It is reported that approxi-
mately two-thirds of people with age-related hearing loss
are patients aged 60 and older, with a significant proportion
of them having severe or profound hearing loss. The au-
thors analysed in detail the key pathogenetic mechanisms
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of age-related hearing loss, focusing on mitochondrial dys-
function, energy metabolism dysregulation, histopatho-
logical changes in the structures of the inner ear, chron-
ic inflammation and other mechanisms of damage to the
cells of the auditory analyser. Considering presbycusis as a
common sensory disorder in older adults, the researchers
proposed differentiated rehabilitation strategies depend-
ing on the leading link in age-related transformation. It is
emphasised that the use of an etiopathogenetically sound
approach to rehabilitation, including hearing aids, increas-
es its clinical effectiveness and contributes to improving
the psychological well-being and functional independence
of older people in their daily activities.

At the same time, the literature remains controversial
and ambiguous. A.R. Huang et al. [2] conducted a secondary
analysis of data from a randomised clinical trial to assess
the impact of hearing loss correction on eight domains
related to quality of life during a three-year follow-up of
nearly 1,000 individuals over the age of 70. The study found
no statistically significant improvement in physical and
mental health indicators as a result of the use of hearing
aids and other audiological interventions. The data ob-
tained may indicate that the problem of age-related hear-
ing loss is more complex and systemic in nature and is not
limited to a decrease in acoustic perception, and therefore
cannot be completely solved solely by increasing sound
stimulation of the sensory apparatus.

The study by N. Henderson et al. [3] summarised data
from 22 studies involving approximately 450 participants.
The study determined that the quality of life of adults de-
pends on the functional capabilities of the auditory system.
Hearing impairment negatively affects not only its physi-
cal component (difficulties with speech recognition, sound
localisation, or physical fatigue), but also reduces social
(isolation, communication difficulties, reduced confidence
and independence) and mental parameters. A cross-sec-
tional study by S. Dedeoglu et al. [4] demonstrated that
among people aged 18 to 65 with hearing impairment, the
prevalence of anxiety disorders is higher, and the severity
of psycho-emotional manifestations increases depending
on the degree and clinical type of hearing dysfunction. At
the same time, it has been established that the subjective-
ly assessed severity of hearing loss has greater prognostic
value for the development of psychological distress than
objective audiometric indicators. B.]. Lawrence et al. [5]
also reported a statistically significant correlation between
hearing impairment and depression in older adults, with
the presence of hearing dysfunction associated with an ap-
proximately 1.5-2-fold increase in the likelihood of devel-
oping depressive disorders.

A. Shukla et al. [6] demonstrated a consistent link be-
tween hearing loss and increased levels of loneliness and
social isolation in adults and older adults. Hearing impair-
ment limits effective interpersonal communication, con-
tributing to reduced social engagement and poorer psycho-
social well-being. The authors emphasised the significance
of timely diagnosis and rehabilitative audiological inter-
ventions as potential strategies for reducing the risk of so-
cial isolation and its associated adverse health outcomes.
Hearing deprivation in geriatric practice is reliably associ-
ated with a decline in cognitive function. M.L. Cantuaria et
al. [7] found in a cohort study that a decline in auditory

perception increases the risk of developing dementia. The
use of hearing aids, i.e. effective correction of existing au-
diological disorders, significantly reduces this risk, i.e. it
can prevent or delay the onset and progression of demen-
tia. The report by G. Livingston et al. [8] stated that if risk
factors are corrected in a timely and effective manner, al-
most 40% of all cases of this disease can be prevented or
delayed. Among the 14 pathological conditions ranked by
their significance in the development of cognitive impair-
ment, hearing loss occupies one of the leading places (7%),
second only to low education and social isolation and ex-
ceeding several metabolic, mental and behavioural factors
in terms of contribution. Unlike hyperlipidaemia, which
was only included in the list of risk factors in 2024, hearing
loss has been considered one of the most significant and
potentially modifiable factors in the development of cogni-
tive dysfunction for more than five years.

Recognising the possibility of effective correction of
audiological disorders as one of the measures to prevent
the development of dementia and improve the quality of
life in elderly people encourages active action at all stages
of medical care, from primary care physicians to special-
ised otolaryngological and audiological practices. This, in
turn, requires determination of mechanisms of onset and
development of audiological disorders. In this regard, the
study aimed to identify the key mechanisms of the impact
of hearing loss on the quality of life of elderly people based
on a synthesis of global experience and analysis of availa-
ble scientific and information sources.

MATERIALS AND METHODS

To achieve this goal, scientific publications with a high
citation index, published in English between 2016 and
2025, were analysed. The search was conducted in Septem-
ber-October 2025 using the MEDLINE/PubMed electronic
database of medical and biological publications. To find
potentially relevant materials, the following keywords in
English were used: “Quality of Life” and “Hearing Loss”
(2,481 publications) or “Cognitive Function” and “Hearing
Loss” (1,811 publications). Based on the content of their
abstracts, 44 studies that met the selected objective were
selected for review. Nine articles did not pass the initial
screening and were added during the process of explaining
the pathogenesis of certain disorders. The study included
systematic reviews and meta-analyses; observational ep-
idemiological studies (cross-sectional, prospective/lon-
gitudinal, analytical) and experimental studies. The main
criteria for inclusion of studies in the systematic review
and meta-analysis were established sensorineural hearing
loss and cognitive dysfunction of varying severity in old-
er adults, a possible temporal correlation between the two
events, and their potential impact on physical, mental, so-
cial, and other components of quality of life. The review did
not include studies in which: the study population did not
include elderly people; the subjects were diagnosed with
conductive hearing loss; the relationship between hearing
impairment and quality of life indicators was not analysed;
the studies were descriptive in nature or were abstracts,
comments or publications without full text.

The analysis of scientific sources devoted to the impact
of hearing loss on the quality of life of older people was
conducted using an integrated analytical approach aimed
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at identifying the key mechanisms of the relationship be-
tween hearing deprivation and changes in quality-of-life
indicators. The review included publications that high-
lighted the pathogenetic aspects of presbycusis or sensori-
neural hearing loss and the ways and mechanisms of their
impact on the physical, psycho-emotional and social com-
ponents of quality of life. The selected sources were eval-
uated according to the criteria of relevance to the research
topic, design and methodology, characteristics of the study
population, methods used to assess hearing function and
quality of life indicators, as well as the analytical signifi-
cance of the results obtained. The publications were clas-
sified and systematised by topic, which made it possible to
structure the scientific data according to the main areas
of research on the problem. A comparative analysis of the
results of various studies made it possible to identify the
leading pathophysiological, psychosocial, and functional
mechanisms of the impact of hearing loss on the physical,
cognitive, emotional, and social components of the quality
of life of older people, assess the degree of consistency and
inconsistency of scientific conclusions, and identify both
the main trends and insufficiently studied aspects of the
problem. The results obtained create a conceptual basis for
further research and the development of effective strate-
gies for the prevention and rehabilitation of elderly people
with hearing loss.

RESULTS AND DISCUSSION

Age-related neurodegenerative processes as a common
pathogenetic basis for auditory and cognitive disor-
ders. Impaired sound perception and speech comprehen-
sion, which develops with age, is defined as progressive,
bilateral, symmetrical age-related sensorineural hearing
loss, which mainly manifests itself at high acoustic fre-
quencies [9]. This gradual loss of functionality is the re-
sult of genetically determined changes in the neurons of
the auditory pathway. The development of presbycusis is
associated with the influence of about 300 genes. S. Lee et
al. [10] identified atonal homolog 1 (Atohl) as a key tran-
scription factor in the specification, differentiation, and
survival of mechanosensory hair cells (both cochlear and
vestibular). It coordinates the development, differentia-
tion and functioning of sensory hair cells in the cochlea.
The authors showed that Atoh1 plays a central role in the
formation of the auditory apparatus during embryogenesis
and in maintaining the structural integrity of the sensory
epithelium. In addition, the activation of Atohl was con-
sidered a promising mechanism for the regeneration of hair
cells after damage, confirming the importance of Atohl1 as
a substantial molecular regulator of pathogenesis and a
potential therapeutic target in sensorineural hearing loss.

K.L. Elliott et al. [11] demonstrated that the forma-
tion of sensory and neuronal components of the auditory
system depends not only on Atohl, but also on the struc-
tural and functional state of other transcription factors:
Neurogenin 1 (Neurogl) and Neuronal Differentiation 1
(Neurod1), and their direct or indirect interdependent in-
fluence. According to them, Neurogl is a key regulator of
neurogenesis and differentiation of spiral ganglion neu-
rons, while Neurodl ensures their further specialisation,
survival and formation of neural connections in the au-
ditory nuclei. Atoh1, whose expression increases from the

cochlear base to the apex, determines the development and
differentiation of sensory hair cells in the cochlea, ensuring
the functional integrity of the peripheral auditory analyser.
Accordingly, dysregulation of these genes leads to impaired
neurosensory integration, forming the molecular basis for
the development of neurosensory hearing loss.

K.L. Elliott et al. [12] demonstrated age-related coch-
lear degeneration by comparing different profiles of sen-
sory deficits in elderly people and in experiments. The re-
searchers compared age-related changes in a 70-year-old
person with similar changes in an old 2-year-old mouse.
Progressive age-related hearing loss, mainly at frequencies
above 4 kHz, was established using tonal audiometry and
confirmed histologically by delayed and progressive loss of
inner (IHCs) and outer hair cells (OHCs). Based on changes
in the cellular expression of related basic helix-loop-he-
lix (bHLH) genes: Atohl, Neurogl, the authors found that
for outer hair cells, the vector of degeneration is directed
from the base to the apex, while for inner hair cells, the
morphological and functional changes are characterised by
an apical-basal direction, leading to age-related auditory
sensory deprivation at high frequencies. However, this is
not a simple linear mechanism. The process of age-related
degeneration begins with the outer hair cells and subse-
quently spreads to the inner hair cells. Therefore, the rate
of cell loss is uneven: at the age of 75, the number of inner
hair cells at the base of the cochlea decreases by about half,
while in the same area, the number of outer hair cells de-
creases by 40%. In addition, degenerative processes spread
to the central parts of the auditory analyser. With age, not
only does the number of cells in the inner ear, cochlear nu-
cleus, superior olivary cells, dorsal cochlear nucleus, me-
dial nucleus of the trapezoid body, and other neurons of
the auditory pathway decrease, but the number of synaptic
terminals also decreases, along with other morphologi-
cal changes. The study emphasised the role of glutamate
excitotoxicity, mitochondrial dysfunction, and oxidative
stress in the development of cochlear synaptopathy and
neuronal degeneration. In other words, the interaction of
sensory and neural biochemical disorders determines the
progressive nature of presbycusis and the heterogeneity of
its pathophysiology and clinical manifestations.

].B. Dewey et al. [13] demonstrated the decisive role of
the active mechanical response of outer hair cells in the
mechanisms of cochlear amplification, which ensures high
sensitivity and accuracy of auditory perception. The central
molecular component of this process is the motor protein
prestin, which is specifically expressed on the membranes
of outer hair cells and provides rapid electromechanical
conversion in response to changes in membrane poten-
tial. The cells rapidly change their length and stiffness,
converting electrical energy into mechanical energy, i.e.,
acting as a physiological electromechanical transducer.
The authors showed that prestin activity causes ampli-
fication of the movements of the organ of Corti at each
sound wave cycle, especially in the high-frequency range.
Accordingly, prestin dysfunction leads to a decrease in the
efficiency of mechanical amplification of the sound signal
and impaired frequency selectivity of hearing. J. Zheng et
al. [14] explained the electromechanical activity of pres-
tin by the fact that it is accompanied by a specific “gating
current”, which reflects voltage-dependent conformational
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changes in the molecule and its charge movements in the
membrane. The detection of gating current confirmed the
molecular mechanism of converting electrical signals into
mechanical contractions of outer hair cells. Thus, prestin
dysfunction is considered by scientists to be one of the
key molecular links in the pathogenesis of age-related and
neurosensory hearing loss.

R.H. Asli et al. [15] confirmed in a case-control study
the role of prestin as a molecular link in the disruption of
cellular and biochemical processes underlying the patho-
genesis of sensorineural hearing loss. Studying the rela-
tionship between serum prestin concentration in individu-
als younger and older than 50 years with varying degrees of
sensorineural hearing loss, it was determined that in both
groups, serum prestin levels were significantly higher than
in the control group, which may indicate a biochemical
basis for functional insufficiency of outer hair cells. In ad-
dition, as prestin concentration increases, so does the se-
verity of audiological disorders (odds ratio was 1.009 with
a 95% confidence interval of 1.005-1.013). The authors em-
phasised that changes in the expression and functional ac-
tivity of prestin, as a key motor protein, affect cell electro-
mobility and calcium-dependent mechanisms of cochlear
amplification. Therefore, the study proposed considering
prestin levels as a quantitative biomarker of the severity of
hearing disorders.

Y.J. Hu et al. [16] systematised role of Ca? signalling
in the molecular and cellular mechanisms of sensorineural
hearing loss. The study demonstrated that disturbances in
intracellular Ca? regulation, dysfunction of voltage-gated
calcium channels, pumps, and Na‘/Ca?" exchangers lead to
changes in synaptic transmission, neurotransmitter bal-
ance,and energy metabolisminhair cells. Outer hair cells are
connected to efferent neurons and amplify incoming sound
signals, while inner hair cells, innervated by afferent nerve
fibres, form synapses with 90-95% of the auditory nerve
fibres and transmit virtually all acoustic information to
the central nervous system. Given this, changes in Ca?*-de-
pendent intracellular processes lead to impaired cochlear
amplification and neural transmission of acoustic signals.

D.A. Godfrey et al. [17] emphasised that ageing causes
a significant restructuring of the neurochemical profile not
only in the peripheral cells of the auditory analyser. Struc-
tural changes in the neurons of the central auditory system
are also accompanied by disturbances in intracellular bio-
chemical and electrophysiological processes. Disturbances
in glutamatergic neurotransmission manifest themselves
in changes in glutamate concentration and metabolism,
leading to a decrease in the efficiency of excitatory trans-
mission and the potential development of excitotoxic
processes. At the same time, there is a dysregulation of

inhibitory mediator systems, GABAergic and glycinergic,
which causes an imbalance between excitatory and inhibi-
tory influences and a degradation in the accuracy of neural
encoding of acoustic information. Along with this, age-re-
lated modification of cholinergic neuromodulation, associ-
ated with changes in acetylcholine metabolism, limits the
adaptive capabilities of auditory neural networks, reduces
the level of synaptic plasticity and the efficiency of central
processing of sound signals. In addition, the restructuring
of the amino acid profile (aspartate, taurine, serine and oth-
er biologically active compounds) reflects systemic dysreg-
ulation of neurochemical homeostasis, which forms the bi-
ochemical basis for progressive dysfunction of the auditory
pathways and the pathogenesis of age-related hearing loss.
A study by J.K. Mittelstadt et al. [18] also found that
age-related audiological changes in ageing are the result
of auditory cortex dysfunction. Therefore, the disruption
of spectral and temporal processing of acoustic signals
is caused not only by the weakening of inhibitory neu-
ral mechanisms, but also by a profound reorganisation of
cortical neural networks. Magnetic resonance spectros-
copy determined that the reduction of inhibitory neuro-
transmission in the auditory cortex is reliably associated
with impaired speech perception in conditions of acoustic
noise, reflecting age-related dysregulation of the balance
between excitatory and inhibitory processes in cortical
neural networks. Changes in neurotransmitter activity and
receptor expression (modification of acetylcholine recep-
tor subunit expression, decreased glutamate decarboxylase
activity, decreased serotonin, increased acetyl transferase
enzyme, impaired norepinephrine and dopamine activi-
ty, etc.) have been detected in auditory cortex neurons. ),
which, in combination with the restructuring of cortical
neural networks, leads to a deterioration in the spectral
and temporal processing of sound signals. Together, these
processes form the neural basis for age-related decline in
auditory discrimination and speech perception.
Systematic analysis of the experimental and clinical
data presented reconstructed a generalised pathogenetic
cascade of intracellular disorders (Table 1) underlying pro-
gressive neurosensory degeneration. Conceptually, it can be
represented as a sequence of interrelated processes: genetic
dysregulation — disruption of ion homeostasis and ion-de-
pendent signalling — neurotransmitter imbalance — met-
abolic and mitochondrial dysfunction — energy deficiency,
oxidative stress and impaired cellular signalling — cochlear
synaptopathy — apoptosis of sensory and neuronal cells.
The combination of intracellular metabolic, energy and
regulatory changes is activated in stages at different levels
of the auditory analyser, leading to the formation of a mul-
ticomponent, mutually potentiated pathological cascade.

Table 1. Key aspects of the pathophysiology of neurodegeneration in presbycusis

Level of damage Key mechanisms

Pathophysiological effects

Functional audiological
consequences for hearing

Dysregulation of genes involved
in auditory system development;
deficiency of transcription factors.

Genetic

Changes in the expression of Atohl,
Neurogl, Neurod1, deficiency of
transcription factors and disruption
of their regulation.

Impaired differentiation and
specification of hair cells (HC),
reduced neurogenesis, regeneration
and plasticity of sensory and
neuronal cells, defects in the
formation of neural connections in
the auditory nuclei.
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Table 1. Continued

Level of damage Key mechanisms

Pathophysiological effects

Functional audiological
consequences for hearing

Dysregulation of Ca?* signalling.

Disruption of Ca*" -dependent
regulation, cellular homeostasis,
synaptic transmission, etc.

Decreased speed and accuracy
of perception, transmission and
analysis of acoustic information.

Prestine dysfunction.

Electromechanical transduction
disorders; gating current; decreased
electromotility of OHCs.

Loss of cochlear amplification,
decreased frequency selectivity.

Imbalance of mediators: glutamate,
gamma-aminobutyric acid, glycine,
etc.

Intracellular

Excitotoxicity, disruption of
excitation-inhibition processes.

Development of cochlear
synaptopathy;
neurodegeneration.

Mitochondrial dysfunction.

Decreased production of adenosine
triphosphate, accumulation of
active forms of oxygen.

Energy deficiency of the brainstem,
auditory pathway neurons, and
auditory cortex.

Oxidative stress.

Excess free radicals damage
membranes, proteins, and DNA.

Apoptosis of hair cells and neurons.

Reduction in number, structural and
functional degeneration of OHCs.

Decreased cochlear amplification.

Decreased cochlear amplification
and frequency selectivity.

Cochlear (sensor -
( v) Decrease in number, structural and

functional degeneration of IHCs.

Disruption of synaptic transmission
to neurons in the spiral ganglion.

Decreased speed and accuracy of
acoustic information transmission.

Decrease in the number, structural

Decreased neural transmission

auditory cortex.

Retrocochlear and functional degeneration of . . - - . . .
- . ; efficiency, impaired synaptic Impaired neurosensory integration.
(auditory pathway) | neurons in the auditory pathway, . - ..
- . integration and neuroplasticity.
synaptic terminals, etc.
Changes in neuroplasticity,
. Changes in neurotransmitter increased spontaneous neural
Structural and functional activity and receptor expression activity, decreased inhibito
Central degeneration of neurons in the P P > ¥, y

impaired synaptic integration and

neural activity, imbalance between
excitation and inhibition processes,
decreased synaptic plasticity, etc.

neuroplasticity.

Source: compiled by the author

Neurodegenerative processes are not limited to the
structures of the auditory analyser. The nonspecific na-
ture of age-related cellular and molecular changes gives
reason to interpret them as a manifestation of pan-neu-
ronal involution. A study by Z. Jafari et al. [19] highlighted
the pathophysiological mechanisms linking presbycusis
with cognitive decline based on magnetic resonance im-
aging and cellular studies. Based on the integration of
neuroimaging and cellular neurobiology data, the authors
demonstrated that auditory deprivation is associated with
neuroanatomical and functional changes in the central
nervous system, in particular, remodelling of the auditory
cortex with impaired integration of sensory and cognitive
networks, as well as a reduction in grey and white matter
volume. The pooled data indicated that age-related hear-
ing loss may be an independent and potentially modifiable
risk factor for cognitive decline and dementia, justifying
the need for early detection of hearing impairment and the
implementation of multidisciplinary preventive and ther-
apeutic strategies.

Thus, the combination of generalised age-related neu-
rodegeneration of the auditory analyser, which causes the
development of presbycusis, with progressive neurode-
generative changes in the parts of the brain responsible
for cognitive functions, forms a clinically significant sen-
sory-cognitive deficit. This recurrent pathophysiological
mechanism, which consists of auditory perception and dep-
rivation, decreased cognitive performance, limited func-
tional autonomy of patients and other related processes,
collectively manifests clinically as a degradation of integral
indicators of quality of life in the ageing process. Thus, the
decline in auditory function in older adults not only impairs

their social integration but also significantly limits their
ability to perform daily tasks independently, which fur-
ther exacerbates their psycho-emotional stress and leads
to an increased risk of developing depressive disorders.

Age-related changes in microcirculation as a sys-
temic pathogenetic factor in neuronal and tissue in-
volution. Age-related metabolic transformation extends
beyond neurons. X. Lu et al. [20] called ageing a systemic
multi-organ process based on changes in cellular metab-
olism, mitochondrial dysfunction, inflammation, oxidative
stress, and other pathological mechanisms triggered by
energy homeostasis disruption. This work systematised
current ideas about the role of exergines as key molecular
mediators of a whole range of anti-ageing effects in ger-
ontological practice. It has been proven that physical exer-
cise induces the secretion of biologically active molecules
such as brain-derived neurotrophic factor, Irisin, Fibroblast
growth factor 21, Phospholipase D1 and a number of oth-
ers, which trigger molecular cascades aimed at increasing
cell resistance to oxidative stress and slowing down the
processes of biological ageing. A leading role in this is
played by the signalling systems of adenosine monophos-
phate-activated protein kinase, calcium/calmodulin-de-
pendent protein kinases (CaMKs) and sirtuins, which en-
sure the induction of mitochondrial biogenesis, optimise
energy metabolism, activate autophagic mechanisms of
cell repair, and suppress NF-kB-mediated inflammation,
while improving endothelial function and microcircula-
tion. Therefore, optimisation of microcirculatory blood
flow, including through physical activity, ensures effective
delivery of oxygen and metabolic substrates to neuronal
and sensory cells, which contributes to the stabilisation of
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mitochondrial function, maintenance of ionic and redox
homeostasis, regulation of neurotransmitter activity and
activation of cellular adaptation mechanisms, resulting in
the normalisation of intracellular metabolic processes and
increased functional resistance of neural structures.

B.S. Tsai Do et al. [21] also showed that the develop-
ment of bilateral presbycusis is caused by degenerative
changes in the structures of the inner ear and auditory
nerve. However, among the main pathogenetic involution-
al mechanisms, in addition to damage to the hair cells of
the cochlea and impaired function of the spiral ganglion,
they emphasised age-related changes in the vascular strip,
which normally produces endolymph with a characteristic
high concentration of acetylcholine and potassium ions and
a low sodium content. The vascular strip of the inner ear is
the only epithelial tissue in the body that contains blood
vessels. Therefore, impaired blood supply can also be con-
sidered a factor which, in combination with neurodegen-
eration, indirectly leads to a decrease in the efficiency of
transduction and neural transmission of sound signals. The
authors emphasised the multifactorial nature of age-relat-
ed hearing loss and noted that its rate of progression is
influenced by genetic factors, cumulative noise exposure,
systemic metabolic disorders and concomitant diseases.

Neurons are characterised by high energy require-
ments and limited internal energy reserves, so their func-
tioning is critically dependent on a continuous and effi-
cient blood supply [22]. Therefore, it would be logical to
assume that impaired tissue perfusion may be a common
aetiological factor or catalyst for the progression of sen-
sory and cognitive impairments in older adults. In support
of this, Y. Uchida et al. [23] presented vascular brain dam-
age, including stroke and microvascular infarction, as one
of the pathophysiological mechanisms linking sensory and
cognitive decline. In particular, a statistically significant
association between moderate and severe hearing loss and
stroke was found in elderly participants in a population
study. The authors emphasised the importance of micro-
circulatory disorders (atherosclerotic, metabolic or other)
in the development of auditory analyser dysfunction and
cognitive decline, reflecting the commonality of vascu-
lar-metabolic mechanisms in their pathogenesis.

K. Poltyn-Zaradna et al. [24] consider age-related
hearing loss to be a potentially modifiable risk factor for
dementia, pathogenetically linked to vascular insufficien-
cy and haemodynamic disorders. The study showed that
sensorineural hearing loss is associated with an increased
prevalence of vascular and metabolic pathology, in particu-
lar arterial hypertension, ischaemic heart disease, angina
pectoris, myocardial infarction, and metabolic syndrome,
confirming its role in the formation of vascular-mediated
mechanisms of cognitive decline. The ageing process is ac-
companied by the risk of not only sensory and cognitive
changes. Older people are prone to multimorbidity, when
metabolic disorders intensify, and cardiovascular and de-
generative geriatric diseases appear [25]. The risk of de-
veloping age-related audiological changes in individuals
with a cardiometabolic profile was explained by D.W. Maid-
ment et al. [26] as being due to common microvascular dis-
orders characteristic of these diseases. Microangiopathy
is manifested by inhibition of angiogenesis, a decrease in
the number of functioning capillaries, thickening of their

basement membrane, endothelial dysfunction, and other
structural changes that limit the perfusion of the metabol-
ically active cochlea.

Vascular alteration leads to chronic tissue hypop-
erfusion, impaired transport of oxygen and metabolites,
local hypoxia, and activation of inflammatory-oxidative
cascades, which together contribute to the progression of
organ dysfunction and neurodegenerative changes [27].
Y. Li et al. [28] described in detail the molecular mecha-
nisms of metabolic vascular damage, which cover both the
macro- and microcirculatory beds. They described their
key pathogenetic links: endothelial dysfunction, chronic
low-grade inflammation, oxidative stress, activation of the
polyol and hexosamine pathways, as well as dysregulation
of angiogenesis and vascular wall remodelling, which to-
gether lead to chronic hypoxia, metabolic failure and pro-
gressive organ dysfunction. The authors emphasised that
diabetic microangiopathy is a universal mechanism of
damage to various organs and systems and a substantial
therapeutic target for strategies aimed at restoring vascu-
lar function and preventing neurodegenerative and senso-
ry disorders.

Hemodynamic disturbances occur not only in periph-
eral areas. A study by O.Y. Bang et al. [29] showed that cere-
bral microangiopathy and macroangiopathy have common
risk factors and biomarkers, indicating the unity of the
pathogenetic mechanisms of vascular damage to the brain.
The authors found that arterial hypertension, diabetes mel-
litus, dyslipidaemia, and inflammation are associated with
both microvascular damage and large artery pathology, and
that the key biological markers are indicators of endothe-
lial dysfunction, oxidative stress, and systemic inflamma-
tion. The study determined that micro- and macrovascular
disorders form a continuum of vascular pathology, which
determines the progression of structural and functional
changes in brain tissue, including ischaemic damage, neu-
ronal dysfunction, and cognitive decline. The results con-
firm the concept of the systemic nature of vascular mech-
anisms of neurodegeneration and substantiate the role of
microcirculatory insufficiency as a key link in the patho-
genesis of age-related sensory and cognitive disorders.

Impaired blood flow is accompanied by activation of
the coagulation cascade and the development of hyper-
coagulable syndrome, which further exacerbates micro-
circulatory disorders and tissue hypoxia. Increased blood
clotting in the veins is clinically manifested mainly by
pulmonary embolism, deep vein thrombosis, usually in the
legs, and arterial thrombosis, which leads to ischaemia and
tissue necrosis. Since the hair cells of the inner ear and the
neurons of the auditory pathway and cortex are very sensi-
tive to ischaemia, macro- and/or microthrombosis, for ex-
ample, in the terminal capillary bed, which originates from
the labyrinthine artery and provides vascularisation of the
inner ear, leads to cochlear sensorineural hearing loss, and
in the basin of the middle cerebral or anterior temporal ar-
teries, i.e., the vessels that supply the upper auditory path-
ways, it can lead to central perceptual hearing loss [30].

Morphological changes in the capillary wall and hy-
percoagulation lead to hypoxic changes in cells, disrupting
the transport of glucose, proteins, ions, and other metab-
olites necessary for electrophysiological processes. This
pathophysiological cascade can cause direct damage to
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metabolically active cells in the inner ear. Even temporary
hypoxia has a stressful effect on cochlear cells. Changes in
molecular transport are exacerbated by the accumulation
of products of concomitant inflammation and oxidative
stress, causing additional damage to cochlear cells [31].
C.Y. Forster et al. [31] showed that age-related hearing loss
and Alzheimer’s disease have a common vascular patho-
genetic basis caused by dysfunction of the cerebrovascu-
lar system and microcirculation disorders. The authors
substantiate the role of endothelial dysfunction, oxidative
stress, and neuroinflammation as key mechanisms con-
tributing to the simultaneous degeneration of the auditory
analyser and cognitive structures of the brain. C.Y. Forst-
er et al. noted that in older adults, cardiovascular disease,
diabetes mellitus and other metabolic disorders, and hear-
ing loss, among other things, are modified risk factors for
cognitive disorders, with possibly identical mechanisms of
development. During the search for common pathogenetic
mechanisms in patients with Alzheimer’s disease and pres-
bycusis, MRI data revealed cortical microhaemorrhages,
signs of cerebral hypoperfusion, and impaired blood-brain
barrier permeability. Given the functional and structural
similarity of the blood-brain and blood-labyrinth barriers,
the study suggested that their damage is caused by the ac-
cumulation of B-amyloid or other neurotoxic metabolites,
in particular active forms of oxygen, which contribute to
the progression of neurosensory and cognitive disorders.

Potential dysmetabolic molecular mechanisms of
hearing impairment associated with decreased micro-
circulation and neurodegeneration were demonstrated
by R. Mittal et al. [32] using the example of hearing loss
in the context of diabetes mellitus. The pathogenesis of
changes caused by hyperglycaemia includes processes that
are typical of atherosclerotic, vascular and metabolic mi-
croangiopathies, neuropathies and oxidative stress. These
pathological reactions can damage sensory structures in
the cochlea, including the vascular strip, spiral ganglion
neurons, and hair cells, and may be the result of cochle-
ar synaptopathy, microangiopathy, neuropathy, oxidative
stress, mitochondrial abnormalities, and apoptosis-medi-
ated cell death.

The multi-organ nature of this condition is accompa-
nied by a decline in the function of the affected organs and,
consequently, the entire body. H. Zhang et al. [33] conduct-
ed a cohort study in Dongfeng-Tongji, China, observing
18,625 individuals over a period of 5.5 years. They found
that the adjusted mortality risk ratio, including cardiovas-
cular problems, increased with the progression of hearing
deprivation. In addition, the risk increased even more when
combined with above-average hearing loss, noise exposure,
diabetes or hypertension.

Thus, micro- and macroangiopathies in older indi-
viduals may, on the one hand, be the result of physiolog-
ical changes in the ageing body, i.e., one of the causes of
presbycusis, and, on the other hand, they may be the re-
sult of concomitant age-related metabolic and cardio-
vascular diseases that contribute to sensory deprivation.
The question of which of these is primary and which is
secondary is debatable. However, it is an indisputable fact
that the combination of these processes has a mutually
aggravating effect, reducing quality of life and increasing
the risk of death. In addition, these changes significantly

complicate clinical management and require a comprehen-
sive approach to treatment.

Hearing deprivation as a determinant of reduced
physical and social activity. A systematic review by
P. Martinez-Amezcua et al. [34] analysed the relationship
between hearing impairment and physical activity levels,
measured using objective methods, in an elderly popula-
tion. The authors included five studies based on data from
the National Health and Nutrition Examination Survey
and used accelerometry to quantify physical activity. The
pooled results show that hearing impairment, especially
moderate to severe, is associated with reduced physical
activity and increased sedentary behaviour. D.S. Chen et
al. [35] indicated that the presence of hearing dysfunction
is associated with a deterioration in mobility, strength, and
functional independence, which increases the risk of disa-
bility in women by 30%. Therefore, hearing deprivation is
an independent predictor of functional decline, indicating
its systemic impact on the processes of age-related decline
in physical reserve. According to B.S.Y. Yeo et al. [36], the
presence of presbycusis is significantly associated with an
increased risk of falls in older adults. The identified rela-
tionship is due to a complex of pathogenetic mechanisms,
in particular, impaired sensory integration between the
auditory, vestibular and proprioceptive systems, decreased
postural stability and compensatory redistribution of
cognitive resources for processing acoustic information.
Concomitant neurodegenerative and vascular processes
contribute to functional vulnerability and impaired motor
control. Fear of falling and feelings of helplessness force
people to lead a more sedentary lifestyle [21].

The recommendations published by the World Health
Organisation [37] stated that to achieve optimal health ben-
efits, older adults need moderate-intensity aerobic physi-
cal activity for 150-300 minutes per week or high-intensity
activity for at least 75-150 minutes. However, according to
a longitudinal study of ageing conducted by M.V. Good-
win et al. [38], British people over the age of 50 with hearing
loss move significantly less, and the decline in this activity
occurs faster in them compared to those who did not re-
port hearing loss. Decreased physical activity may also be
a consequence of age-related reduction in skeletal muscle
mass and strength. In addition, alteration of their capillary
network contributes to reduced blood flow and oxygen de-
livery to contracting muscle fibres. C.M. Hearon & F.A. Di-
nenno [39] described an age-related impairment of “func-
tional sympatholysis”, the ability of muscles to contract
despite sympathetic vasoconstriction, leading to reduced
blood flow and oxygen delivery during physical exertion.
This process is critically relevant for the proper regulation
of tissue blood flow distribution and oxygen transport. A
decrease in physical activity during ageing is accompanied
by a reduction in the oxygen demand for muscle contrac-
tion due to a slowdown in oxidative metabolism, which in
turn leads to a weakening of the haemodynamic response
and a decrease in the stimulation of muscle blood flow.

The progressive decline in cognitive and physical func-
tions contributes to the deterioration of mental health and
increases the risk of developing depressive disorders and
psychological distress. ].S. Golub et al. [40] found that more
than a third of the 5,328 participants in a cross-section-
al study had clinically significant depressive symptoms.
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According to J.A. Holman et al. [41], hearing loss causes in-
creased fatigue, which in turn affects the level of physical
activity and subjective well-being of people with hearing
impairment. The study established that hearing dysfunc-
tion is indirectly associated with decreased activity and
impaired quality of life due to increased cognitive load and
energy expenditure on auditory perception. Fatigue asso-
ciated with auditory load is a relevant mediator between
hearing impairment and psychophysical state.

Emotional well-being is a fundamental component of
human life and a relevant determinant of mental and phys-
ical health. A positive emotional state, formed through
feelings of confidence, involvement, satisfaction and the
achievement of personally meaningful goals, contributes
to maintaining psychophysiological balance. Harmonious
interpersonal interaction and positive emotions are cen-
tral in shaping social activity and the adaptive potential
of the individual [42]. With age, the cumulative effect of
exogenous and endogenous factors on auditory function
is primarily manifested by an increase in hearing thresh-
olds in the high-frequency range of the sensorineural type,
which progresses at an individually variable rate, involv-
ing the frequencies of the main speech spectrum and the
low-frequency range. As the degree of hearing loss increas-
es, speech intelligibility deteriorates, which significantly
complicates communication, especially in conditions of
background noise. According to B.H.B. Timmer et al. [42],
in such conditions, people with hearing impairments more
often experience feelings of insecurity, discomfort and
frustration, which leads to avoidance of socially complex
situations, in particular interaction in large groups or noisy
environments. The fear of social stigmatisation limits in-
volvement in interpersonal interaction, reduces motiva-
tion to communicate and communicative activity, which
negatively affects the social well-being of people with au-
diological impairments.

Studying the impact of hearing loss on communica-
tion, A. Shukla et al. [6] described an increased risk of lone-
liness and social isolation. Social isolation is described as a
decrease in the number of social contacts and the frequen-
cy of interaction between them, i.e. it is a kind of meas-
ure of a person’s social network. Loneliness, on the other
hand, is a subjective emotional response to a perceived
mismatch between the actual and desired levels of social
connections. P.L. Ramage-Morin [43] found that hearing
deprivation in people aged 45 and older is significantly as-
sociated with increased levels of social isolation. The study
found that people with hearing impairments are more like-
ly to report limited social contacts, reduced involvement
in interpersonal interactions, and emotional alienation
compared to people without hearing problems. According
to A. Chern & J.S. Golub [44], hearing loss causes feelings
of emotional distance and complicates communication in
a social environment, forming persistent communication
barriers. To adequately perceive speech, people with hear-
ing impairments are forced to engage additional cognitive
resources, which is accompanied by increased cognitive
load and the development of hearing-induced fatigue.
Prolonged overload of cognitive mechanisms contributes
to the progressive depletion of cognitive reserves, which
can accelerate the formation of cognitive deficits and psy-
chosocial disorders.

This creates a pathological circle: difficulties in pro-
cessing auditory perception cause excessive cognitive load,
which, in turn, exacerbates the development of neurode-
generative processes (i.e., exacerbates existing impaired
auditory neurosensory function) and causes structural
changes in the brain, further impairing cognitive process-
es. In addition, hypothetically, such excessive load can lead
to cognitive decline due to the fact that in such conditions
there is a redistribution of cognitive resources towards the
processing of auditory information, “robbing” other men-
tal processes, such as working memory [23]. The forced
need to perceive and analyse overly quiet sound signals
increases the load not only on cognitive resources. The at-
tention resources involved in controlling posture and bal-
ance are also overloaded. B.S. Tsai Do et al. [21] presented
the results of a cross-sectional study that showed a posi-
tive correlation between an increased probability of social
isolation and the degree of hearing loss in elderly Ameri-
cans. Moreover, the desire for solitude does not depend on
whether such individuals receive correction for audiologi-
cal disorders or not. Under such conditions, the risk of cog-
nitive decline increases: brain stimulation is limited, and
the mechanisms involved in overcoming not only mental
but also physical difficulties are reduced. In other words,
communication disorders associated with presbycusis have
a direct impact not only on social activity but also on the
overall quality of life, including physical health. In other
words, communication problems associated with presbycu-
sis have a direct impact not only on social activity but also
on overall quality of life, including physical activity.

Hearing loss is just one of the symptoms of age-relat-
ed deprivation, which has several common pathogenetic
links with cardiovascular and metabolic diseases. Improv-
ing hearing function contributes to increased social activ-
ity, optimisation of cognitive resources and a reduction in
hearing-related fatigue, which has a positive overall effect
on the quality of life of older people. Timely audiological
rehabilitation indirectly improves physical functioning,
psycho-emotional state, and vascular-metabolic indica-
tors. Thus, correction of hearing dysfunction is a substan-
tial component of strategies for maintaining functional
independence and preserving a high quality of life in the
ageing process.

CONCLUSIONS
An analysis of scientific data has revealed that age-related
hearing loss is becoming a global medical and social issue.
The analysis showed that disabling hearing loss is one of
the key problems in geriatrics, requiring improved ap-
proaches to early diagnosis and comprehensive correction.
The study proved that the leading link in the pathogenesis
of presbycusis is degenerative changes in the neurons of
the auditory pathways from peripheral receptor structures
to cortical centres, the development of which is exacerbated
by age-related microvascular disorders, hypoperfusion and
hypoxia of the cells of the auditory and vestibular appa-
ratus. Genetically determined alteration is a consequence
of changes in the expression of Atohl, Neurogl, Neurodl,
deficiency of transcription factors and their regulatory dis-
orders, which lead to disruption of intracellular biochem-
ical and electrophysiological processes, mitochondrial
dysfunction, excessive oxidative activity, etc. The study
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established that similar pathophysiological mechanisms
underlie age-related cognitive disorders, which often de-
velop in the context of hearing loss or in parallel with it,

relationships between hearing dysfunction and cognitive
decline, as well as in the development of integrated mod-
els for the early diagnosis and rehabilitation of age-related

demonstrating a mutually reinforcing negative effect. Study
determined that auditory deprivation causes excessive

sensory and cognitive disorders.
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O. Bakalets

Henpo6ionoriyHi acneKTu cnyxoBoi genpuBauii
Ta ii BNIMB Ha AKIiCTb XXUTTA Yy NOXUIIOMY Bili

OneHa bakaneub

KaHomaat MeouyHUX HayK, OOUEeHT

TepHOMINbCbKMIN HaLliOHANbHMIN MeAUYHUI YHIBepCUTET iMeHi |. 4. lTopbadeBCbKoro
46001, mangaH Boni, 1, M. TepHoMinb, YKpaiHa
https://orcid.org/0000-0002-5309-4675

AHoTauif. BikoBi 3MiHM B OpraHisMi MOXKYTb MPU3BOAUTH 0 QYHKIIOHATBHUX 06MEKeHb, IKi YCKIaJHIOIOTh CTApIINM
JIIOMISIM TiATPUMKY CITOCOOY SKUTTS Ta BUKOHAHHSI COIialbHUX Ta OCOGMCTICHMUX POJIENA, IO BIUIMBAE HA 3JATHICTh SKUTU
MOBHOIIHHO. CTAaTTS MPUCBSIYEHA 3’SICYBAHHIO OCHOBHVMX ME€XaHi3MiB BIUIMBY 3HVDKEHHS CJTYXY Ha SIKiCTh JKUTTS y 0Ci6
MOXMJIOTO BiKy. Bysio ompaiiboBaHO HaykoBi myb6smikariii 3a 2016-2025 poku y eeKTpOHHil 6a3i mjaHux GioMemmuHux
nocnigkenb MEDLINE/PubMed. AHani3 mokasas, 1[0 BikoBa BTpaTa CIyxXy fepeayciM 3yMOB/IeHa HejipoereHepaTMBHUMU
npouiecaMu. Byno 3’sicoBaHo, 10 [ereHepaliisi HepOHIB CIYXOBOTO LUISXY — Bill BOJIOCKOBUX KIITMH Koxjei 1o
HEePOHIB HEOKOPTEKCY — TPOSIBJISIEThCS PEAYKINE KIITMHHOI TMOMysiii, MOpPhOJOTIiYHOI ajbTepalli€lo HelpoHiB
i 3MeHIIeHHSM KiIbKOCTI CUMHANTUYHMX KOHTAaKTiB. Ili 3MiHM CYIIPOBOMKYIOTBCSI TOpYIIEHHSIM 6ioxiMiuHOTO Ta
e1exTpodi3iosoTiuHOr0 roMeocTasy, AUCPEryISIi€l0 BHYTPIIIHbOKIITMHHOI KaJbIli€BOi CUTHaji3allii Ta 3HMKEHHSIM
PiBHIB K/IIOUOBMX HelipomeziaToOpiB, 30KpeMa IIyTamaTy, IIiLMHY Ta y-aMiHOMAacassHOI KUCIOTH. ITomanbimii aHasti3
3acBifumMB, 110 3a3HaU€Hi HeiIPO6ioMOTiUHI TOPYIIeHHS TPU3BOASITH 10 3HVDKEHHS iMITY/IbCHOT aKTMBHOCTI Ta 0C/Ia6/IeHHS
raJbMiBHUX TPOLECiB, 0 K/IiHIYHO MPOSIBISIETHCS CTYXOBOIO NMCOYHKIII€I0, MOTiPIIEHHSIM CIPUITHSITTS aKyCTUUHUX
CUTHAJIIB i 3HVDKEHHSIM 3L,aTHOCTI 10 TPOCTOPOBOI JioKami3alii 3ByKy. By/lio BCTaHOBJ/IEHO, 1110 CYITyTHSI MiKpOaHTiomaTist
XapaKTepU3y€EThCS MPUTHIYEHHSIM aHTioreHe3y, 3MeHIIeHHSM I[iTbHOCTI (YHKIIOHYIOUMX KamilspiB, MOTOBIIEHHSIM
6a3aapbHOI MeMOpaHM Ta eHAOTENTiaATbHO IMChYHKITI€I0, 10 3yMOBJIIOE 3HVDKEHHS TKAHMHHOI niepdy3ii. Byso 3’sicoBaHo,
0 MiKpPOLMPKY/ISITOPHA HEAOCTAaTHICTb CIpPUsIE BTOPMHHOMY illIeMiUYHOMY YIIKOI)KEHHIO KJIITMH 4Yepe3 aKTMUBallilo
OKCUIATMBHOTO CTPeCy Ta 3amnajbHUX KackajiB. [eHepasizoBaHa BikoBa AereHepallis HeifpoHiB i MiKpOCYAVMHHOTO pycia
BUSIBJISIETBCSI TAKOX Y CTPYKTYPaxX MO3KY, BiITIOBiaabHMX 3a KOTHITMBHI QyHKIIii. YV pe3ynbTaTi GopMyeTbCsl peKypeHTHMUIA
natodizionoriuamnit MexaHi3M: CJIyxoBa AeNpUBallis ITiABUINYE KOTHITMBHE HABAHTAXEHHS Ta MPUCKOPIOE BUCHAKEHHS
HePOHHUX PecypciB, 110, CBOEID YeProlo, MOCWIIOE HelipoJereHepaTUBHI MPOIecH # CTPYKTYPHI 3MiHM MO3Ky. AHaJi3
1oKa3as, MO IIi MPOIecH B3aEMHO ITOTEHIIiI0IOTh OJTHE OLHOTO, CIIPUUYMHSIIOUM TTPOrPecuBHE IMOTipIIeHHs] KOTHITUBHUX
byHKIIi i 3HVOKEHHS (i3MYHOI Ta COLiaabHOT AKTMBHOCTI Y 0Ci6 MOXMIIOTO BiKY

KntouoBi cnoBa: nmpec6iakysuc; ceHCOHeBpaabHa MPUITYXYBaTiCTh; JeMeHIlis; KOTHITMBHA QYHKLisI; HelipoiereHepariis;
aHrionaris
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