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Cl i n i ca l  i m p l i ca t i o n s
ARHL is a complex multifactorial disorder that affects a part of the population –  
people older than 65 – that will increase exponentially in developed countries in 
the coming decades. The disorder seriously impairs older adults’ ability to commu-
nicate and adversely effects their quality of life. Furthermore, a clear association 
has been described with the onset of neurodegenerative diseases such as senile 
dementia and Alzheimer disease. Current treatment (hearing aids and cochlear 
implants) is expensive and inaccessible for some patients, while preventive and 
curative drug treatments are still at a preclinical or clinical research phase. As a 
result, ARHL, like other geriatric diseases, is a major challenge for the biomedical 
community and the healthcare system.
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A b s t ra ct
Age-related hearing loss (ARHL) affects one in three people older than 65 
years and is the most prevalent sensorineural deficit in this age group. This 
type of hearing loss precedes and accelerates the onset of cognitive impair-
ment and is associated with an increased risk for neurodegenerative diseases 
such as dementia and Alzheimer disease. The onset and progression of ARHL 
is influenced by genetic factors, which are still poorly understood, and 
environmental factors, which in particular include exposure to excessive 
noise and ototoxic substances. At present, no effective drug treatments  
are available for ARHL prevention or treatment, and therefore research in 
this field is a priority. In the research field, animal models offer a crucial 
tool for i) identifying new genes associated with ARHL, ii) understanding 
the cellular and molecular basis of auditory ageing and iii) defining new 
therapeutic targets and evaluating candidate treatments.
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mulation of a wide variety of molecular and cellular 
damage, leading to generalized and progressive 
deterioration of many body functions and increased 
susceptibility to disease. The main physiopathological 
mechanisms related to ageing are genomic instabil-
ity, epigenetic alterations, mitochondrial dysfunction, 
cellular senescence and loss of proteostasis (López-
Otín et al., 2013). The morphological and functional 
changes associated with ageing have an impact on the 
cardiovascular, renal, nervous and muscular systems, 
among others. With age, structural and functional 
changes also occur in the ear, leading to ARHL.

Age-related hearing loss, or presbycusis, affects 
one-third of the population older than 65 years and 
half of all individuals older than 75 (WHO, 2021). With 
increasing life expectancy and the global ageing of 
the population, ARHL will be a major challenge for 
healthcare systems in the coming decades.

The onset of ARHL manifests as a loss of sensitiv-
ity to sound, initially at high frequencies and then 
progressing to lower frequencies, which hinders the 
ability to follow a conversation, especially in noisy 
environments. This situation significantly reduces 
older adults’ ability to communicate, their quality of 
life and independence. These individuals tend to with-
draw themselves socially and receive less stimulation, 
which, together with an ageing brain, favours cognitive  
deterioration and the onset of neurodegenerative 
diseases such as senile dementia and Alzheimer 
disease. Cognitive impairment is estimated to be 40% 
higher in individuals with poor hearing than in those 
with good hearing (Panza, Solfrizzi & Logroscino, 2015).

An effective solution to treat ARHL and reduce 
cognitive frailty is the use of hearing aids, which 
increase the intensity of sounds received, and coch-
lear implants, which directly stimulate the nerve 
endings in the inner ear. Users of hearing aids and 
cochlear implants have considerably reduced audi-
tory memory loss, improved social interaction and, 
in short, decreased age-related cognitive decline 
(Calvino et al., 2022; Maharani et al., 2018).

The aetiology of ARHL involves multiple environ-
mental, genetic and epigenetic factors (Wang & Puel, 
2020). Of the environmental factors, noise contributes 
most to the acceleration of ARHL. Chronic exposure 
to occupational or recreational noise causes mechani-
cal damage – especially to hair cells – and metabolic 
disturbances from hypoxia due to vasoconstriction 
of the stria vascularis capillaries (Liberman, 2017). 
Another extrinsic factor is prolonged exposure to phar-

Introduction

According to World Health Organization (WHO) data, 
about 20% of the global population has some form 
of hearing loss, and 6.1% – some 466 million people 

– have disabling hearing loss (WHO, 2021). The over-
all cost of unaddressed hearing loss is calculated at 
USD 980 billion per year, representing the sum of 
healthcare costs (excluding hearing assistive devices), 
educational support, lost productivity and social 
costs. Two particular causes for concern are noise-
induced hearing loss (with more than one billion 
young people aged 12-35 estimated to be at risk for 
hearing loss due to noise exposure in recreational 
settings) and age-related hearing loss (ARHL), due to 
the ageing world population (WHO, 2021).

An individual is considered to have hearing loss if 
they have a pure-tone average loss greater than 25 dB 
in the better-hearing ear (Olusanya, Davis & Hoffman, 
2019). Hearing loss can be mild, moderate, severe or 
profound and can affect one or both ears. The main 
clinical forms include i) congenital or early-onset hear-
ing loss caused by genetic defects, infections during 
pregnancy or complications at birth; ii) hearing loss 
caused by chronic otitis media; iii) noise- and ototoxic 
medicine-induced hearing loss that damage the inner 
ear; and iv) age-related hearing loss.

The diverse consequences of hearing loss depend 
on severity and time of onset, and can be potentially 
disabling. Hearing loss in children prevents or delays 
language development and reduces school perfor-
mance, while in adults it hinders social and professional 
development. Older adults with hearing loss experi-
ence an impaired ability to communicate with others, 
leading to social isolation, loneliness and depression. 
Furthermore, hearing loss is associated with increased 
cognitive frailty and faster progression of neurode-
generative diseases (Kim, Lim, Kong & Choi, 2018). 
The COVID-19 pandemic and other exceptional situ-
ations have further obstructed communication for 
people with hearing loss, because face masks prevent 
lip-reading, as reported in Spain by FIAPAS (Spanish 
Confederation of Deaf People’s Families) and CNSE 
(State Confederation of Deaf People).

Discussion

In humans, ageing is a physiological process char-
acterized by the progressive and permanent accu-
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macotherapy with potentially ototoxic drugs, including 
aminoglycoside antibiotics, platinum-derived antitu-
mour drugs, diuretics such as furosemide, and some 
anti-inflammatory drugs such as aspirin (Joo et al., 
2020). ARHL has also been associated with the pres-
ence of other common chronic diseases in older adults, 
such as diabetes, cardiovascular diseases, stroke and 
cancer (Besser, Stropahl, Urry & Launer, 2018). Life-
style factors (diet, smoking, etc.) also contribute to the 
onset of ARHL, altering its clinical form and increasing 
its clinical heterogeneity. For example, nutritional defi-
ciencies during ageing accelerate ARHL, although it is 
unclear whether the latter is a symptom, a trigger, or 
both (Partearroyo, Vallecillo, Pajares, Varela-Moreiras 
& Varela-Nieto, 2017).

In addition to the extrinsic factors involved, genet-
ics plays a major role in hearing loss. The genetic 
component is yet to be fully elucidated, but contrib-
utes by making the sensorineural cells of the auditory 
organ more sensitive to damage. Genetic factors best 
explain the variability between individuals whose 
lifestyles are similar, and it is estimated that genetic 
factors could account for 40-70% of the onset of ARHL, 
according to twin research (Momi, Wolber, Fabiane, 
MacGregor & Williams, 2015). Epigenetic factors such 
as changes in DNA methylation and histone proteins 
are of emerging relevance in age-related conditions 
such as ARHL (Kuo, Moore, Lin & Ferrucci, 2021).

Identifying the genes that determine ARHL suscep-
tibility and progression is key to making an early diag-
nosis and starting preventive treatment to reduce 
irreversible damage to hearing structures. However, 
despite numerous genome-wide association studies 
in patient cohorts and biobank samples, as well as in 
silico and in vitro analyses and animal model studies, 
only a few genes have been identified (Ivarsdottir et al.,  
2021) (Table 1).

The anatomical and functional complexity of the 
cochlea explains why variants in highly diverse genes 
are associated with an increased predisposition to 
ARHL. Specifically, genes related to mechanotransduc-
tion, potassium recycling, cell junctions and synaptic 
transmission account for a large part of identified 
genes. Other genes involved include those that partici-
pate in deregulated processes during ageing such 
as oxidative stress, inflammation and mitochondrial 
function, all of which have been described in other 
age-related diseases, including atherosclerosis, cancer, 
cataracts, osteoporosis, type 2 diabetes, hypertension 
and Alzheimer disease.

The cochlea is a spiralling membranous duct 
divided into three fluid-filled chambers or scalae 
(Figure 1). The organ of Corti is in the scala media and 
contains the hair cells that are responsible for trans-
ducing vibrations into nerve signals that are sent to 
neurons in the spiral ganglion. The lateral wall houses 
the stria vascularis, which is essential for maintaining 
endolymph ionic homeostasis.

From a pathophysiological point of view, ARHL 
has traditionally been divided into three main types, 
depending on which structure is involved: (i) sensory 
ARHL, characterized by hair cell loss in the organ of 
Corti; (ii) strial or metabolic ARHL, caused by atrophy 
of the stria vascularis; and (iii) neural ARHL, caused by 
atrophy of the spiral ganglion and degeneration of the 
auditory nerve (Schuknecht & Gacek, 1993). However, 
most cases of ARHL are mixed, with a combination of 
structures involved.

Cellular mechanisms leading to ARHL are diverse 
and interrelated with other organs that suffer 
impaired functionality during ageing. These mecha-
nisms include gene and protein instability, cellular 
organelle dysfunction, impaired nutrient and cellular 
communication processes, and loss of regenerative 
capacity (López-Otín, Blasco, Partridge, Serrano & 
Kroemer, 2013). Unlike birds and reptiles, mammals 
are unable to regenerate hair cells, and therefore 
repeated damage leads to irreparable and irreversible 
death. Regenerative therapies in hearing loss focus 
on modulating the molecular pathways that induce 
proliferation and transdifferentiation of supporting 
cells into hair cells, thus leading to their regeneration 
(Rai, Tu, Frank & Zuo, 2021).

With regard to the molecular mechanisms involved 
in ARHL, inflammation and oxidative stress have 
received the most attention, generating the largest  
number of therapeutic targets. During ageing, 
chronic low-grade inflammation occurs as a result 
of decreased immune system cell activity. Various 
studies have found a clear association between the 
increase in hearing thresholds with age and the 
increase in the number of activated macrophages, 
overexpression of inflammatory genes and proinflam-
matory cytokines in the cochlea (Paplou, Schubert & 
Pyott, 2021).

Oxidative stress results from an imbalance 
between the amount of reactive oxygen and nitrogen 
species (ROS, RNS) and the cell's antioxidant defences, 
mainly the enzymes from glutathione metabolism. 
Free radicals are physiologically produced during 
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Table 1. Main identified and candidate genes for susceptibility to age-related hearing loss in Homo sapiens.
Gene Function Reference Population

ACVR1B Activin receptor type 1B (Fransen et al., 2015) Europe

APOE Lipid transport (O'Grady et al., 2007) USA

CAT Catalase, antioxidant enzyme (Van Laer et al., 2008) Europe

CCBE1 Participates in lymphangiogenesis in 
vertebrates

(Fransen et al., 2015) Europe

CDH13 Cell adhesion (Friedman et al., 2009) Europe

CEP104 Ciliogenesis and ciliary integrity (Di Stazio et al., 2020) Europe (Italy)

CMIP T-cell signalling (Girotto et al., 2011) Europe

DLCK1 Serine/threonine-protein kinase, signalling (Girotto et al., 2011; Di Stazio et al., 2020) Europe
(Italy and Croatia)

EDN1 Vasoactive peptide expressed in ganglion 
cells

(Uchida, Sugiura, Nakashima, Ando & 
Shimokata, 2009)

Japan

ESRRG Steroid hormone nuclear receptor (Nolan, Maier, et al., 2013) Europe

EYA4 Transcriptional activator, maturation of the 
organ of Corti

(Hoffmann et al., 2016; Van Laer et al., 2008) Europe

FXYD5 Sodium channel activity regulator (Nagtegaal et al., 2019) Europe and USA

GHR Growth hormone receptor (Attias, Zarchi, Nageris & Laron, 2012; 
Prado-Barreto et al., 2014)

Patients with Laron 
syndrome from Israel; Brazil

GRLH2 Epithelial development (Van Laer et al., 2008) Europe and China

GRM7 Synaptic transmission (Friedman et al., 2009; Newman et al., 2012) Europe and USA

GRM8 Synaptic transmission (Girotto et al., 2011) Europe

GSTM1 Glutathione S-transferases, Detoxification, 
antioxidant

(Bared et al., 2010) USA

GSTT1 Glutathione S-transferases, Detoxification, 
antioxidant

(Bared et al., 2010) USA

IGF1 Insulin growth factor family (Lassale, Batty, Steptoe & Zaninotto, 2017) England

ILDR1 Membrane multimeric receiver (Hoffmann et al., 2016) Europe

IPP Interaction with actin (Nagtegaal et al., 2019) Europe and USA

IQGAP2 Cell adhesion, motility and morphology (Van Laer et al., 2010) Saami population in Finland

ISG20 Exonuclease (Hoffmann et al., 2016) Europe

ITGA8 Cell adhesion (Van Laer et al., 2008) Europe

KCNMA1 Calcium channel (Van Laer et al., 2008) Europe

KCNQ1 Potassium channel (Van Laer et al., 2008) Europe

KCNQ4 Potassium channel (Van Eyken et al., 2006) USA

MPZL2 Adhesion molecule. Epithelial cell 
interactions

(Wesdorp et al., 2018) Europe

mtDNA Mitochondrial DNA mutations, mtDNA 
4977

(Bai, Seidman, Hinojosa & Quirk, 1997) Europe and China

MTHFR Homocysteine metabolism, antioxidant (Manche, Jangala, Dudekula, Koralla & Akka, 
2018; Uchida, Sugiura, Ando, Nakashima & 
Shimokata, 2011)

India
Japan

MTR Homocysteine metabolism, antioxidant (Uchida et al., 2011) Japan

NAT2 Detoxification, antioxidant (Van Eyken et al., 2007; Ünal et al., 2005) Europe (general); Turkey

PCDH15 Stereocilia structure (Van Laer et al., 2008) Europe

PCDH20 Cell adhesion (Di Stazio et al., 2020; Vuckovic et al., 2015). Italy (isolated) and Silk Road

PTPRD Protein tyrosine phosphatase receptor 
delta

(Girotto et al., 2011) Europe

PRKCE Protein kinase, related to the Nrf2 pathway (Fetoni et al., 2018) Europe and Central Asia

SIK3 Kinase, positive regulator of mTOR (Wolber et al., 2014) Europe
Silk Road

SLC28A3 Human concentrative nucleoside 
transporter

(Di Stazio et al., 2020; Vuckovic et al., 2015). Italy (isolated) and Silk Road
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Gene Function Reference Population

SLC44A2 Choline transporter (Di Stazio et al., 2020) Europe

SLC7A8 Neutral amino acid transporter (Espino-Guarch et al., 2018) Italy (isolated)

SOD2 Superoxide dismutase 2 enzyme, 
antioxidant

(Nolan, Cadge, Gomez-Dorado & Dawson, 
2013)

Europe

SPIRE2 Intracellular vesicle transport along actin 
filaments

(Nagtegaal et al., 2019) Europe and USA

SPTBN1 Secretion. Calcium-dependent movement 
of the cytoskeleton at the membrane

(Nagtegaal et al., 2019) Europe and USA

STRN Calmodulin-binding protein (Di Stazio et al., 2020) Europe

TFGB1 Immune response (Fetoni et al., 2018) Europe and Central Asia

TNF Immune response (Uchida et al., 2014) Japan

TNFRSF1B Immune response (Uchida et al., 2014) Japan

TRIL Immune response to LPS. Component of 
the TLR4 signalling complex

(Nagtegaal et al., 2019) Europe and USA

TRIOBP Cytoskeleton organization, cell motility (Hoffmann et al., 2016) Europe

UCP2 Mitochondrial proton transporter (Sugiura et al., 2010) Japan

WFS1 Transmembrane protein in the 
endoplasmic reticulum, cation-selective 
channel

(Kytövuori et al., 2017) Finland

Table 1. Main identified and candidate genes for susceptibility to age-related hearing loss in Homo sapiens. (continued)

cellular respiration in the mitochondria, but their 
production is exacerbated by the effect of envi-
ronmental factors such as noise or ototoxic drugs. 
Nutritional deficiencies and specific genetic polymor-
phisms may decrease antioxidant enzyme activity and 
contribute to oxidative stress. An excess of reactive 
species damages DNA, lipid and protein molecules, 
leading to activation of cell death by apoptosis.

There is a dearth of clinical research in hearing 
loss, mainly because of the inaccessible nature 
of the inner ear, and therefore research chiefly 
focuses on history taking, electrophysiological test-
ing and, sometimes, imaging techniques. Other 
procedures such as biopsies, blood biomarker tests 
and post-mortem histology analyses are, however, 
rare. Experimental in silico, cellular and, mainly, 
animal models have been key to i) understanding 
auditory anatomy and physiology; ii) understand-
ing the genetic and molecular basis of hearing loss;  
iii) defining therapeutic targets and evaluating 
drugs that may be able to delay, reduce or reverse 
pathological changes in auditory neurosensory cells 
during ageing; and iv) developing diagnostic tests 
such as auditory evoked potentials and otoacoustic 
emissions, and devices such as cochlear implants.

The most commonly used animal model in hear-
ing research and specifically in ARHL is the laboratory 
mouse (Mus musculus) (Bowl & Dawson, 2015). Mice 
live an average of 2-2.5 years and are considered 

models of ageing from 18 months of age. At this age, 
mice show symptoms of auditory ageing similar to 
those of humans, both functionally – with increased 
thresholds at high frequencies – and morphologically –  
with loss of hair cells and spiral ganglion neurons 
(Figure 2).

However, in some genetically modified mouse 
strains, such as SAMP (Senescence-accelerated mouse 
prone) mice, the ageing process is accelerated and the 
mice develop geriatric pathologies such as osteopo-
rosis, amyloidosis, memory loss and ARHL at an early 
age (Marie, Larroze-Chicot, Cosnier-Pucheu & Gonza-
lez-Gonzalez, 2017). Certain mouse strains have been 
generated to develop early-onset ARHL alone (with-
out other symptoms). One example is the C57BL/6J 
mouse, which shows increased hearing thresholds 
from 6 months of age. This strain has been used as 
an ARHL model since the 1980s, although it took two 
more decades to locate the responsible allele (Ahl1 
on mouse chromosome 10) and identify the genetic 
cause – a polymorphism in the Cdh23 gene, which 
encodes a hair cell protein (Noben-Trauth, Zheng & 
Johnson, 2003).

The generation of genetically modified knockout 
mice has been instrumental in the identification of 
genes associated with the onset of ARHL (Bowl & 
Dawson, 2015). For example, our research group has 
identified new genes predisposed to ARHL in mice, 
such as Igf1 and Dusp1 (Celaya et al., 2019; Celaya et 
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Figure 1. Cytoarchitecture of the inner ear. Histo-resin sections of mouse cochlea, with Nissl staining contrast. (A) Micrograph showing a cross-section 
of the cochlear duct in wild-type mouse, and the three scalae (scala vestibuli, scala media and scala tympani). (B) Detail of the scala media, containing 
the organ of Corti, responsible for mechanotransduction. (C) Close-up of the organ of Corti, comprised of one row of inner hair cells and three rows of 
outer hair cells, separated by the tunnel of Corti. The hair cells are held in place by a set of supporting cells, residing in turn on the basilar membrane. SV, 
scala vestibuli; SM, scala media; ST, scala tympani; SG, spiral ganglion; StV, stria vascularis; BM, basilar membrane; TM, tectorial membrane; RM, Reissner's 
membrane; SL, spiral ligament; OC, organ of Corti; IHC, inner hair cell; OHC, outer hair cell; IPC, inner phalangeal cell; PC, pillar cell; DC, Deiter’s cell; HC, 
Hensen's cell, TC, tunnel of Corti.
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al., 2021). Insulin-like growth factor type 1 (IGF-1), a 
trophic factor produced by the liver, shows decreas-
ing levels with age. A correlation has been confirmed 
between IGF-1 and ARHL progression in mammals 
(Lassale et al., 2017). Homozygous mutations of the 
IGF1 gene cause hearing loss in humans and mice 
(Cediel, Riquelme, Contreras, Díaz & Varela-Nieto, 
2006), while heterozygous mutations in mice are asso-
ciated with ARHL and susceptibility to noise damage 
(Celaya et al., 2021; Riquelme et al., 2010). In addi-
tion, early-onset hearing loss from 4 months of age is 
displayed in mutant mice with inactivated dual phos-
phatase (DUSP1), an intracellular target of IGF-1 and a 
key component in oxidative stress and inflammatory 
response regulation (Bermúdez-Muñoz et al., 2021; 
Celaya et al., 2019). Similarly, studies that characterize 
mutant Mpzl2 and Slc7a8 knockout mice models have 
confirmed that these genes also increase suscep-
tibility to auditory ageing in the mouse, and have 
proposed the molecular mechanisms responsible for 
predisposition to ARHL, which would not have been 
possible to describe in patients (Espino-Guarch et al., 
2018; Wesdorp et al., 2018).

Figure 2. Use of the mouse model in ARHL studies. (A) Diagram depicting ARHL. Young people (green line) have no hearing loss at any of the frequen-
cies studied. In ageing adults (purple line), hearing thresholds increase in response to high frequencies, progressively extending to lower frequencies. (B) 
Mice are excellent models for studying changes in cochlear cytoarchitecture during ageing. Compared to a young 2-month-old mouse, an 18-month-old 
mouse shows loss of outer hair cells (OHC), inner hair cells (IHC), spiral ganglion (SG) neurons, and synaptic connections between the two cell types. Other 
common changes are tunnel of Corti (TC) closure or collapse and stria vascularis (StV) atrophy. These morphological changes appear early in C57BL/6J 
mice, making this strain a classic model for ARHL study.

Animal models are also useful for studying the 
effect of environmental factors on auditory ageing. 
Many studies have shown that chronic exposure 
to low-level noise contributes to the onset of ARHL. 
Indeed, some susceptibility genes for ARHL, such as 
Cdh23 and Igf1, are also involved in increased sensi-
tivity to noise-induced hearing loss, (Celaya et al., 
2021; Holme & Steel, 2004). Genome-wide associa-
tion studies in different mouse strains have identi-
fied a number of loci that appear to be associated 
with increased sensitivity to noise-induced and age-
related hearing loss (Lavinsky et al., 2016). Another 
extrinsic factor that has been investigated in mice is 
nutrition and its effect on ARHL onset. Studies confirm 
that certain nutritional deficiencies, for example, in 
folic acid and B vitamins, can aggravate ARHL, while 
omega-3 fatty acid supplementation can amelio-
rate ARHL in susceptible strains such as C57 mice 
(Martínez-Vega, Garrido, et al., 2015; Martínez-Vega, 
Partearroyo, et al., 2015).

Finally, preclinical research with animal models 
plays an essential role – and is legally required – when 
evaluating the safety and efficacy of new drugs to 
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prevent or delay ARHL onset. Many drug therapies 
and nutritional, gene and cell therapies are currently 
being studied for their potential to prevent the onset 
and/or slow the progression of hearing loss. Exces-
sive free radical production and depletion of cellular 
antioxidant systems are key mechanisms in ARHL 
onset, and therefore reducing oxidative stress is an 
interesting strategy in ARHL prevention and treat-
ment (Pak, Kim, Yi & Chung, 2020). Several molecules 
with antioxidant effects, such as N-acetyl cysteine, 
resveratrol and lipoic acid, have been evaluated in 
murine models of ARHL and been found to have bene-
ficial effects (Huang et al., 2020; Marie et al., 2018; 
Muderris et al., 2022). In humans, the administration 
of antioxidant combinations (vitamins, lipoic acid) 
and dietary supplements have shown effectiveness in 
slowing ARHL (Durga, Verhoef, Anteunis, Schouten & 
Kok, 2007; Polanski & Cruz, 2013; Takumida & Anniko, 
2009).

Together with drug therapies, experimental gene 
and cell therapies may play a role in the prevention of 
age-related cochlear deterioration and the replace-
ment of degenerated cells with new functional cells 
(Nourbakhsh et al., 2021). New gene-editing tools 
have opened the door to a wide range of opportu-
nities for treating some genetic forms of congenital 
hearing loss that could also offer new perspectives 
on ARHL in the future (Botto, Dalkara & El-Amraoui, 
2021).

Conclusions

Age-related hearing loss is a major concern because 
of the ageing global population and its direct associa-
tion with cognitive decline. Recognizing the problem 
of ARHL and developing an active policy to reduce risk 
factors and expand health coverage for people with 
hearing loss would help keep older adults’ active and 
independent for longer. Of equal importance is increas-
ing society’s awareness regarding the prevention and 
early detection of hearing loss. In addition, investing 
in research is a priority for developing treatments to 
prevent degenerative changes in the inner ear.

Recent years have brought about a revolution 
in ARHL research, led by new genetic techniques, 
progress in advanced cell therapies, electronics and 
sequencing, prospects of artificial intelligence in 
diagnostics, developments in medical imaging and 
advanced microscopy, all of which together offer a 

positive outlook for patients in the future. Multidis-
ciplinary hearing research is clearly making progress. 
In the short and medium term this research will 
contribute to increasing the wide range of diagnos-
tic tests and treatment options which, together with 
hearing aids and cochlear implants, will improve the 
quality of life of older adults and all individuals with 
hearing loss.
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